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Introduction and Welcome

Project objectives and schedule review



Training Agenda: SSROM Planning Model

Day 1: Platform & Model Overview, Data & Assumptions Review

1. Introduction & Welcome 5. [Coffee Break]
a) Agenda Review
b)  Project Objectives 6. SSROM Operationsi General

Cc) Training Objectives
7. SSROM Operationsi Red Deer

2. Model Platform (OASIS) Refresher a) Red Deer Model Demo

a) Glossary

b)  Interface elements 8. SSROM Operationsi Bow

) ) a) Bow Model Demo
3. Model Schematic Overview

a) Elements of the Schematic & OASIS Function 9. SSROM Operations i Oldman and Southern Tribs
b) Extent of Model & Schematic Demo a) Oldman & Southern Tibs Demo
4, SSROM Input Data and Assumptions Review 10. SSROM Operations i Combined Model

a) Naturalized Inflows
b) Irrigated Demands
¢)  Large Municipal bemands 11. Future Opportunities for SSROM
d) Remaining non-irrigation demands
e) Time of Travel

f) Physical Constraints

a) Combined Model demo

12. Questions & Closing Comments
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Project Objective

SSROM Model and Platform Updates Project

1. Update the SSROM base casmthat it is reflective of how the system operates
today

A Update model assumptions and naturalized flows and validate with the GoA and irrigators
A Ensure that the SSROM stakeholders have an accessible, up to date, facilitation tool

2. Update the SSROM model fraddASIS to OASIS Enterprise

A Upgrade the SSROM software to the latest version to increase functionality

3. Ensure that the SSROMascessibldo stakeholders

A Establish options for hosting the model to ensure stakeholders have access to the model and the
collaborative process is preserved




Project Schedule
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Wworking Group Kick-off Meeting and Working Group meeting #3 will be held with
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all Working Group participants.
El'working Group meetings #1 and #2 will be held in parallel streams.

Working Group Kick-off Meeting

Working Group sessions

Training sessions for new and
experienced SSROM users




SSROM Training Session Objectives

South Saskatchewan River Operations Model

An order to understand and be able to gain the full benefits from the SSROM model, two specific
training sessions and a thorough report are under preparation.

ATraining goals are twdold:

A Day 1 (Basics Training) is intended to give attendees a thorough understanding of the contents & assumptions of the
model, how it operates, and a good sense of the types of analyses it is well suited to

A Day 2 (Practitioner Training) is intended to educate participants in how to directly interact with the simulation,
formulate and prepare scenarios, and interpret results. It will also go into more depth about the underlying linear

solver and how it works.

Alfollowing trgining atten,dees V\{i” be: well suitvedAto contribuvte togwing coI,Iabo[ativg plannjng
STF¥F2Nua gAuUK UKS Y2RSt ITyRZ AY U0UKS OlFas 21
programming and analysis of planning scenarios

AThese slides, a recording of the training, and a report will be available for review after these
sessions
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SSROM Training Day 1 Session Objectives

South Saskatchewan River Operations Model

1. Review data and assumptions in the model
2.Expl ore the model 6s capabilities

3. Ensure alternative analyses are comparable

4. Describe future model opportunities




OASIS Platform

Key terms and general platform notes



OASIS in Alberta

2011

Bow River
Drought Exercise

2005

Bow River
Academic Exercise

2014

Red Deer River Operations Model
Land Use & Climate Analysis

s | Wetland loss 1910-2010

o) DE

Red Deer River Model

Bow River N
Operations
Model 3
(BROM)

Oldman and South
Saskatchewan
Model

(BROM)

2016-2020

2021-2022

S. Sask Model
Enterprise Upgrade

Bow River Flood Operation
Support Tool, Continuing

Major Watersheds of Alberta

Peace/Slave River
Watershed

Beaver River
‘Watershed

South Saskatchewan
River Watershed

Wetlands: Webbed Feet Not Required

o o Albarta 2013 Milk River
https:www.nswa.ab.ca/ouwatershed/ Watershed

20XX

Expanding SSROM to
include additional basins?

Analyses
Bow River Bow Climate Change Analysis, S. Sask Watershed St. Mary Irrigation District Additional collaborative
Operational Model Oldman River Ops Model Roadmap Decision Support Tool planning?
2010 2012 2015 2020 20XX




Key Terms

Operating LogicA specific set abperations and logithat dictates how the model simulates the
system. This could be ti@urrent Operationsor new alternative operations that attempt to
improve performance toward a specific measure. See: &gernative.

Input Set:A specific set ahput datathat establishes the conditions under which operations
function.

These change output

Example of input sets includeIC entitlement flows2018 IDM demands, 2022 naturalized flows
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Performance Measure (PMA metric (graph, table, etc.) used to distinguish performance betwee
alternatives or runs at meeting a specific goal. These measures should be able to distinguish
whether a run is better or worse that téurrent Operationsaand/or other Alternatives




Key Terms Scenario’A model simulation comprising of

one Input Setand oneOperating Logic
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Key Terms

Extended glossary available

Current Base Operationg:he baseline modéDperating Logi¢hat represents current operations.
These are the starting point from which alternatives are developed with new or potential
operations that target specific PM improvement. The Current Baseationsdo not imply a
specificlnputSet 2yt & OGKFIdG O0KS 2LISNIaGA2ya NBTFE SOU
operations should be run against each input scenario to allow for reliable comparisons of
performance.

Version:A number representing the current edition of the model. If bugs or errors in the code ar
O2ZNNBOUSR 62N 20KSN AGUNEBEES Y PV NA ARNE 6 XE RS &
increase by 1, from & 2-> 3). Alternatives should be-ren or redeveloped in the current
GOSNBAZ2YE 2F GKS Y2RSt G2 Syads2NB GKI G LISNF
such bugs or code errors.




Platform Refresher

Operational Analysis and Simulation of Integrated Systems

A OASIS is the Planning Model Platform
A OASIS is like Microsoft Word, the SSROM is like a Word document

A Suite of programs for modeling the operations of water resources systems. In OASIS Enterprise
these are rolled into one database utility with multiple capabilities

A En |phaS|s IS ONn reservolr operations R (20220310 Comerfi
121 [
122[5H
4SS GU - 60180 - SSROM 123 condition: < 92 or > 244 1-Sep to 1-Apr
ki Name OCL Pattern Calgary_Return_Pct OCL Pattern Calgary_Ret{ S/ value: /4 Fill to fuu/;f pusiibls ’
Run 2022-03-10_CurrentBase5.5 125
126 condition: Glenn_Year_Type = 1 // dry year
Plot Legend /™ 03 i 127[8] value: max{ elev_to stor{ 3618, N }
Source Type | Time Pattern v 128
Ll 129 condition: Glenn_vear Type = 2 // normal year
Interpolation | Inst Value w | 1Trace 085 130fg] value: max{ elev_to_stor{ 3618, N 1
131
Imegular ¥ .
Unit s 132 condition: Glenn_Year_Type = 3 // wet year
None | [ Aute Convert \ / 133fg] value: max{ elev_to_stor{ 3618, T }
Mult Factor | 1 [ e o =9
s 135 condition: default
Date Value 136 value: @ // This condition should never apply. @ will crash the program delibera)
2000 Jan 01 2359 0.939 7 1273
2000 Feb 01 2359 0.913| =
2000 Mar 01 2359 .32z oss D
2000 &pr 01 2359 EREEE / o — P ir Rel .
BT o T 2E ERCTE s 141 (TR Reservolr Release ops
s e EPPl // »xsxxercxrxsx Roservoir Release Ops *
s h 143 [ ®rxxxxrx Raservoir Release Ops *
2000 Jul 01 2359 0.647 oss ol
2000 Aug 01 2359 7.547] ot O( :I
3000 Sep 01 2359 0.593 aul 2000 ul I [/ <rescnomonex peservolr Min Flow ****
2000 Oct 0L 2359 0.709| 147
2000 Nov 01 2359 0.829| EPEl // set: DixonBuffer
2000 Dec 01 2359 0.934 ‘0| set: DixonBuffer
2000 Dec 31 2359 0.232 150214
EBY | condition: ( >= 306 07 < 92 ) AND ( [DicksonOps] = 8 ) // 1-Nov to 1-Apr,
FE1-  {condition: Glenn_Year_Type = 1 //dry // o0ld ops don't uf
EEEl-  value: convert units{[DixomBuffer_cms] - @.5, cms, cdm}
154]
I n put & Output 155 condition: Glenn_Vear Type = 2 //normal
FE=  value: convert units{[DixomBuffer_cms], cms, cdm}
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OASIS Overview

Operational Analysis and Simulation of Integrated Systems

A A mass balance water
accounting model

A Captures physical elements
and operating rules of the
system

A Typical Applications

< |

River Basin Water Supply
Management
Hydropower Conflict
Resolution

watersmarT |
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River Basin

Athabasca
River Basin — <
States with OASIS Licenses
Basins Modeled in OASIS
Red Deer
Bow River River Basin
Basin
Oldman Susquehanna
: i River Basin River Basin
Spokane River
o _ Greater NYC - Hudson
Bridgeport, CT (Catskill & Croton)
River Basin

et Delaware

Rivigdasin o e 2 River Basin
| Potomac Shepaug River Basin
Kangas .Rlver River Basin Uackensack
el River Basin
North Central o Rivanna River Basin
Region, TN o = R App River Basin
Salt River . Q 3 ortsmouth,
Basin tones o 4 - 3 : .
Western Municipal Neosho River River Ba W > iatss RiverBann - — Broad River Basin
Water District — © l Basin 4 Cape Fear River Basin
’—c 7 Duck River Basin N French Broad River Basin
Lower ) °
Verde River Rio Grande Black Warrior ;
Basin River Basin River Basin == St. Marys-Satilla
Ochlockonee
E\
Alabama-Coosa-Tallapoosa Kissimmee/Everglades
River Basin and West Palm Beach
Apalachicola-Chattahoochee-Flint SUWannes



Platform Refresher

Purpose of OASIS

A OASIS models give you solutions to modeling problems

A OASIS helps you organize data and simulate operations
A The platform is designed to help you think about problems comprehensively

rather than as collections of parts

A OASIS models do NOT give you solutions to real-world problems

A You create the solutions
A The model lets you evaluate them
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SSROM Schematic Review

How to read and demo



South Saskatchewan River Operations Model (SSROM) Platform

Structure and components

Inflow Reservoir

100 AL @ = @ ALt 130 AL @

Tunction Junction \ Terminal

Reservoir

Flow through arcs

Volume stored in each reservoir Demand
Delivery (volume) allocated to each demand node
€ calcul ated every timestep for the perioc




South Saskatchewan River Operations Model (SSROM) Platform

Structure and components

Inflow Reservoir
Arc Arc Arc Arc
DY GO SNGOEER ST
Junction . Terminal
Reservoir Junction \l

Flow through arcs -

Volume stored in each reservoir Demand
Delivery (volume) allocated to each demand node

€ calcul ated every timestep for the perioc
But the secret 1 se :
You specifywhatt o do but donot
A linear programming solver tell OASIS how to do it.
called every time step The solver is a fismart

the laws of physics (and other specified
constraints).

Constraints: rules that OASIS must obey
Goal: rule that OASIS tries to meet




Graphical User Interface (GUI) Demo

OASIS GUI - version 60,180 - SSROM T o #@ =
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SSROM Data

Input Data and Assumptions



Data Set Overviews

Inflows

A Source: AEP Naturalized Streamflow
dataset (2009 dataset with a 2010-2015
extension)

A Disaggregated to a daily level from weekly
data

Reservoir Net Evaporation
A Precipitation and Evaporation from AEP
dataset combined to net evaporation in
inches

A Applied to each reservoir based on area-
elevation relationship

Physical data

A Reservoir and canal/pipe physical
information (SAE & flow limits) from
operator6s datasets

Hazen \VQ(aMterSMART!

er Management Solutions

Non-lrrigation Demand

A Pattern data from Alberta Environment and
Par ks Water
Model (WRMM)

A Assumed full license demand
A Some individual licenses in the Red Deer

Irrigation Demand

AAl bert a
Model (IDM)

A 2018 Acreages and crop allocations

A Reports 90% of ideal crop demand based on historical

conditions
A Acreages scaled up to 2020 assessed acres
A Includes seepage and evaporative losses

Municipal Demand

A Demand for the largest municipal users has

been manually entered (e.g. Calgary,
Lethbridge, etc.)

Resour ces

Agricul tureods

M é

r

r




Data Sources: Naturalized Inflows

Bow Total Daily Inflows Red Deer Total Daily Inflows

== MNew Data i 12004 == Mew Data i
2500 : :
: 1000 !
2000 - | !
Q ! G 800 |
£ 15007 | £ 600 |
= | E 1
2 1000 i = 400/ i
500 | i 200 !
0 ' 0 r
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 1930 1940 1950 1060 1970 1980 1990 2000 2010 2020
Oldman Total Daily Inflows _ _ _
== ewows ! Weekly provincial data disaggregated
2500 4 I . . .
i to daily via comparison to nearby
g % ; daily observed gages
'E 1500 E
= | .
2 1000 ; Net evaporation 1928 2009 based
500 i on historical data, 202015 based
o L MAVAY | A '. on estimated patterns

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Hazen \wlgamterSMART!

er Management Solutions



Data Sources: Naturalized Inflows

Bow Total Daily Inflows Red Deer Total Daily Inflows

== MNew Data i 12004 == Mew Data i
2500 : :
: 1000 !
2000 - | !
Q ! G 800 |
£ 15007 | £ 600 |
= | E 1
2 1000 i = 400/ i
500 | i 200 !
0 ' 0 r
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 1930 1940 1950 1060 1970 1980 1990 2000 2010 2020
Oldman Total Daily Inflows _ _ _
== ewows ! Weekly provincial data disaggregated
2500 4 I . . .
i to daily via comparison to nearby
g % ; daily observed gages
'E 1500 E
= | .
2 1000 ; Net evaporation 1928 2009 based
500 i on historical data, 202015 based
o L MAVAY | A '. on estimated patterns

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
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WRMM Block Area for RID, SMRID & TID
. - \%’ﬁ Little Bow Reservair bt :
Data Sources: Irrigated Demands B o
" Reseryoir Lost Lake
Reservoir . Scope
; H Reservoiry Reservoir
Gt North 'S eservomw e L2am é’)'-
A Demands are generated from the T et Fidéabe F Reservor
. . eIervpy: ! Reseivoi y X oven
Irrigation Demand Model or 1ot A Peons
Y ] Nt y Murray Lake 7 Reservoir
A aka IDM & : [I Staffor: .ﬁl Rese;‘Toir
A Represent 90% of ideal flow wlay I (PR P o5 Lok :
\ Reservoir eservyir
A Scaled up to 2020 assessed acres, including annual agreements il Chin Lk Forty Mile
. . : o ock eservoir Reservoir
A Evaporative and seepage losses are included L T .
“Cros. wlee én'—air
S (2018 2013 2020 assessmen oo b iiancn. ViR
rrigation Distric IDM cre change % change Mk Bivor
roll acreg i
heCtareS) (IDM acres) RRldse 7 s ‘\\ Legend
Bow River basin B X RIDBlocks TIDBlocks SMRIDBlocks
BRID 100,407 248,110 279,441 31,331 126 e Lo B PR e SHRIDIE0
EID 122,941 303,793 307,588 3,795 1.2 5 — TID393 —— SMRID381
WID 36,756 90,826 95,000 4,174 4.6 § X LD zmi:ggzg
Oldman River basin el : B
LNID 75,718 187,103 195,063 7,960 4.3 .
MID 7,418 18,330 18,300 30 -0.2 s
MVID 1,482 3,663 3,647 -16 -0.4 — SMRID387
RID 18,357 45,360 48,095 2,735 6 t — SMRID388
SMRID 156,166 385,894 410,772 24,878 6.4 e —— SMRID389
TID 32,934 81,382 90,347 8,965 11 0 20 40 Kilometers —— SMRID396
uiD 13,894 34,333 34,797 464 1.4 _ —— VERD395
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Data Sources: Large Municipal Demands

A Large municipal demands
A Red Deer*, Calgary, Lethbridge, and Medicine Hat
A Manually entered based on actual use and returns
A Repeating annual patterns

M5

14

12

Lethbridge Demand

| nhn

LKA

P

ly

T
Jul

Oct

T
2000

Lethbridge Returns




Data Sources

nnnnn

UID 442 (17,000 AF subject to 0.93 md/s)
UID 854 (49,400 AT subject (o 0.10 m3/'s)

MVLA 838 (20,750 AF subject to 0.10m2/'s)
MVLA 850 (8.250 AT subject 1o 0.93 m3/s)

Halen waterSMART!
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St Mary River

Oldman/St Mary
Confluence

576 ha
n_- - 2,260 dam3

270 ha
843 dam3

= St Mary Project

. Additional Non-Irrigation Demands

A Remaining non-irrigation demands are
sourced from the AEP WRMM models

A Assume full license allocation and use at all
times

A Comparatively small volume relative to
irrigation and large municipal together

In the case of the Red Deer River, this is
applied to city use as well!




Data Sources: Time of Travel

Ghost'g
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SSROM leverages prior SSAR routing

wor k,

converting i

routing coefficients.

Essentially:

1.

2.

Water travels within a reach within the
same day

Some portion of the water is able to pass
through within the same day (high flow
portion)

Some portion will come through the
second day

Some portion will travel the third day

t



Data Sources: Time of Travel

SSROM leverages prior SSAR routing
wor k, converting it [
routing coefficients.

Essentially:
1. Water travels within a reach within the
same day

2. Some portion of the water is able to pass
through within the same day (high flow
portion)

3. Some portion will come through the
second day

4. Some portion will travel the third day

Same dayioT
+1 dayToT

Time of Travel Nod

+2 dayToT
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) Waterton Dam and Reservoir Physical Characteristics
Elevation

meters

1190.24 Top of Dam Elevation

Data Source: Physical Constraints o rusmim _ somomesmwee sesn- s

1179.78  Spillway Crest Elevam on Storage = 47,000 acre-feet

Reservoirs & Canal Capacities Live Storage = 94,500 acre-feet
1170.43 Irrigation Tunnel Invert Elevation Irigation Storage = 0 acre-feet

A Reservoir Storage-Area-Elevation Tables sourced T e 470 e
from reservoir operators and IDs e
. .y . Live storage is that part of the
A Canal physical capacities applied based on data ol sy Srag 1t can

Irrigation storage is that part

fro m | 0] Cal sources of the total reservoir storage that can

be diverted for irrigation usage;

. . i In this figure, the irrigation storage
A Other physical data (e.g. generation capacities) component s shaded green.
described by operators or knowledgeable parties \
1136.45 Low-level Outlet Invert Elevation Live Storage = 0 acre-feet %
C MS i ) Canal Capacity: St. Mary Intake \—[— 1
o/el ~) 0.99 Flow vs Generation
04,14 - 0.00) = 18
04s15 - T0.00 -6 y=0.0118x-0.8253
10/15 «| 70.00| ~ %4 R#=0.9699 .-
©
512 GENEEERESED 00
310
Ss
S 6
T4 .
O 0 mi———
; 2 o} 500 1000 1500 2000
Flow (cfs)
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Break

Coffee and otherwise

See you In 10 minutes!




SSROM Operations

General OASIS Operations



Operations: OASIS Platform

A The modeler assigns a weight value to every operating goal in the model to construct the objective
function

A The linear program (LP) solution scores points by multiplying the weight value by the value of the
associated decision variable

An every time step, OASIS determines the values of the decision variables by solving the LP
A The solution obeys every constraint
A The solution is the set of decision variable values that gets the maximum number of points from the set

of goals
\ D: Flood Storage /

\ C:Op Storage

N —
\/ Dead Storage F::;f:‘e\\§\

X1

['Q
»

bjective function

D-Zone | 3000 [ 1 The A Zone is the
lowest storaze zone.
C-Zone m I_-I Each zons must have
higher (more positive)
B-Zone | 1000 [ 1 ikt than the zone

'él' i zgne I—EE":IIj I_'I abnve it.

constraints

Reservoir Stage

X2
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Operations: OASIS Platform

A The modeler assigns a weight value to every operating goal in the model tadonstruct the objective
function

A The linear program (LP) solution scores points by m
associated decision variable

A The solutiong mole values that gets the maximum number of points from the set

of goals
\ D: Flood Storage /

\ C:Op Storage

N —
\/ Dead Storage F::;f:‘e\\§\

X1

‘weight i bjective function

D-Zone | 3000 [ 1 The A Zone is the
lowest storaze zone.

C-Zone m I_-I Each zons must have
higher (more positive)

B-Zone | 1000 [ 1 ikt than the zone

'él' i zgne I—EE":IIj I_'I abnve it.

constraints

Reservoir Stage

X2




SSROM Operations

Bow River System (former RDROM Model)



Dickson Dam 2013-2014 Reservoir Regulation Schedule

(As of April 24, 2013)

949
. ] 948
Operations: Red Deer 047 | T~ = i
- 045 S— _—
Reservoirs: Dickson Dam 944 N\ /
= 943 - \'\ ~—»=lbcms + buffer,/ 7
: . : : : > 942
A Dickson fill curve is based on fill guide £ 941 pwcmm_hj\w“ » 7
curves and inflow to date as of April 1st ® oo | \ —16cms 7
_ > + buffer 4
A Releases are determined by stage 8 oar \ 7
® 936 4
A Flood Releases use perfect knowledge 8 935 | N /
@ gag N\ 16 cms /
and pre-release 3 days ahead of the flood E 53 \ y
2 932 \ p
Average Elevation Fill Guide Curves % 931 - <=16 cms 3
s 230 1 Modelled I ot
e ggg 1 bufferis: _ \ ,: v
B v § o7 | 1.75cms i —dusied i Crve 2019
946 926 - +/' OSCmS
925 : .
o | 1-Oct 1-Nov 1-Dec 1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-Sep
e wet Top 30%) Month Fiow Reguiaton Maru 198384, | | Ccreon Dam
o2 ® . —aNormal [Mid 40%) Histarical Upper Limit - average wpper limit of resarvair
__________________ ;___-__-___-__-____ B Forecasted Max Incoming Daily Flow Pre-release Min Volume
018 > 300 cms 200 cms
. - _ - 200-300 cms 100 cms
R S ety 100-200 cms 50 cms
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Operations: Red Deer

Minimum and Target Flows

N\ _ O Junctions
b ‘\:\u‘f "::“(
el ) [ | Demands
AWCOs are calculated f A Reservoirs
weekly in two locations: :ﬁ;J A\ [T\ Tmeot Trave
A DIs of Dickson si'\ VA Vs
A Mouth of Red Deer Fln P -4 ) " | Retrofit License WCO:
A All licenses presumed W & "‘{'WW-CO 160 r?g’ All Year: 1@ms
/‘-ﬁ-/f p /\-._--"Y.g‘ 5 : K H L]
bound by 10, only new ] et S e Future License WCO:
licenses bound by WCO AP i =. NowMar: 16cms
Avesta, TDLs, and fAfutunegdw / o Apr-Oct: 10cms
uses e~

Instream Objective (10): [*..-
Nonrrig: 4.25cms
Irrig: 8.5cms

QASIS Schemanie of the
Red Deer River Basn
15 Jmn 014




Operations: Red Deer

Shortage Distribution: By License Priority

LicenseHolder ______________________________["ype __IvaxAnn Allocation (m?

ALBERTA ENVIRONMENT AND WATER - WATER OPERATIONS
DUCKS UNLIMITED CANADA, EDMONTON

CITY OF RED DEER URBAN
ALBERTA ENVIRONMENT AND SUSTAINABLE RESOURCE

DEVELOPMENT

NOVA CHEMICALS CORPORATION

HEARTLANDS (Frmr: ATCO ELECTRIC LTD) COOLING
NORTH RED DEER RIVER WATER SERVICES COMMISSION URBAN
MOUNTAIN VIEW REGIONAL WATER SERVICES COMMISSION URBAN
SHIRLEY MCCLELLAN REGIONAL WATER SERVICES COMMISSION URBAN
VESTA

ALBERTA ENVIRONMENT AND WATER - WATER OPERATIONS CROP
MEGLOBAL CANADA INC.

TOWN OF DRUMHELLER URBAN
ALBERTA ENVIRONMENT AND WATER - WATER OPERATIONS FLOODCNT

EXXONMOBIL CANADA LTD.

DOW CHEMICAL CANADA ULC

CONOCOPHILLIPS CANADA RESOURCES CORP.

SPECIAL AREAS BOARD STCKWT
SHELL CANADA LIMITED

SPECIAL AREAS BOARD I

TOWN OF SUNDRE URBAN
MOUNTAIN VIEW COUNTY FISHERY

54,672,490
28,353,090 0
27,546,640 24,775,650 89.94%
26,339,770 0
23,858,690 2,090,750 8.76%
22,075,490 8,387,680  38.00%
13,391,000 0
9,962,960 5,970,050 59.92%
5,545,460 0
5,120,000 0
4,594,940 0
4,593,950 1,192,770  25.96%
4,107,490 3,285,990  80.00%
3,034,360 0
2,466,960 0
2,305,000 829,800 36.00%
2,033,100 0
1,599,819 0
1,493,730 0
867,390 124,580 14.36%
249,145 199,316  80.00%
43,170 0

Temporary Diversion
Licenses (TDLYS):

U/S of Red Deer:
12,865 cdm

D/S of Red Deer:
9,913 cdm

Represents
roughly 75% of
licensed volume

in the basin




Operations: Red Deer

Shortage Distribution: By License Priority

WRMM broke .Ilcenges _down into approximately 5 levels of seniority. 2009 Analysis
1. Senior Irrlgatlon BlOCkS Average Demand Returns Net Use
2. Major Demand Blocks Indiv Licensed Dmds (72%) 239,428 24,234 214,304
3. Mid-License |rrigator Blocks Remaining Dmd in WRMM Blocks 31,999 0 31,999
4. Junior Irrigator Blocks Irrigation Demands (from IDM) 64,391 1,100 63,291
5. Minor Demand Blocks Total Avg Yearly Demand 335,818 25,334 309,594
In SSROM. demands are Split: 1929 (Peak) Demand Returns Net Use
’ . . . Indiv Licensed Dmds (72%) 239,324 24,256 214,178
1. SGT_]IOI’ Ir”gatlon Blocks Remaining Dmd in WRMM Blocks 37,211 0 37,211
2. Major Pem?\nd BlOCkS_ o o Irrigation Demands (from IDM) 83,444 1,174 82,270
3. ***Senior Licenses (with individual priorities)*** - [ I I R
4. Mid-License |rrigator Blocks Total Peak (1929) Yearly Demand 359,979 25,430 333,659
5. **Junior Licenses (with individual priorities)***
6. Junior Irrigator Blocks Licenses split Senior/Junior at-Apr-82 (#18)
7. Minor Demand Blocks 50% of total SSROM licenses volume




3 EV/3 1l watersmart
ater Management Solutions

Red Deer Demo Analysis

Increasing use in the Red Deer

7)

ID 711790bd-dbec-41ab-b2bd-87400200266b
Ancestor ID  839b7712-fSee-41ba-9613-9d915f9e87a3
Edited by HSNY_LAN\MSheer

| I on 2/24/2022 8:01:01 AM
OCL Constant from machine 52B6B94ED9F0

Run: 2022-03-18_CurrentBase5.6 included in 15 Active Runs and 111 Archive Runs

Description
Name | DemandScalingFactor

Definition | 0 = Current Use (~335k cdm), 0.328 = ~ 445k cdm,
0.642 = ~550k cdm

Type | Decimal = Sort Index | 1
Value |0 v
Min [] None Max[_] None Tags

Singular Tags

General Tags

00
*00

Find Run Input Data Plot Text Schematic Processor
= ? S B B = o& Move -
W 4@ %aﬁuw =T
Details rc Apply Filter Md Copy Copy ply Value Singular data Data ’—
s Tags byTag To From ac W elements  table
Data Change Data View data in this\
# Find Runs R R R RPN ] SRV: 2022-03-18 CurrentBase5.6 X
=’ Run Mode — OCL Constants
—_— ]
Simulation o Name Value Sort
Climate_Change_Ad| v (1
=) ng!ﬂiﬁ . = ge_Ad) 0
Climate_Var_Scen 0 v
Start | 1/1/1928 >
| Climate_Var_Step 0 -1
End | 12/24/2015 .
ClimateVariabilityRun 0 v |1
# sty 32135
=t CottonRecess 0 v (1
DeliverySafetyFactor 0.05 - |1
DemandScaling_B_Calg 0 v |1
DemandScaling_B_lrrig 1 v (1
DemandScaling_O_lrrig 1 v |1
DemandScaling_O_Muni 0 v |1
DicksonOps 0 v (1 b
DixonBaseRel_cms 16 v |1
DixonBuffer_cms 1.75 - |1
Do_Flood_Ops 0 v




SSROM Operations

Bow River System (former BROM Model)



Operations: Bow

Reservoirs: TransAlta Hydropower .

119000

A TransAlta operations contain
commercially sensitive data

A TA employees worked with us in 2009 to

118800

118600

11840

find an appropriate alternative that would 01/01/2015
be Arepresentativeo
analyses o
A TA worked with us to again refine those
ops for the 2022 update
ATA reservoirs foll o0\"
average elevation derived from the last
10 years.
A Ghost, Barrier, and Lower Kananaskis use the

last 7 years due to 2015 operational changes
from the provincial agreement

1186
1185
31Ot 20-Dec BFeh 30-Mar 18- May Bdul 27-Aug 16-Dct 5-Dec 24-4an

Orange = Daily Averages
Blue = Applied pattern in OASIS

Hazen watersmarT |
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Operations: Bow

Reservoirs: Calgary
Glenmore Rule Curves (crest = 1075.35)

A Previously, Glenmore operations included 5
stoplogs and old storage-area-elevation e
curves )

A Now updated to current infrastructure e

0

A Flood ops utilize Springbank (SR-1) as an e

Nnearly warning system. o

A If SR-1 has utilized storage (i.e. incoming flood), !
Glenmore begins to draw down -1.5

A Max of -3.5m drawdown

A Refills with Elbow flow and Glenmore releases

-2

-2.5

.. A 3
A Mlnlmum release Of 15 m 3/5 10/31 12/20 2/8 3/30 5/19 7/8 8/27 10/16 12/5 1/24

Halen waterSMART!

Water Management Solutions
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Operations: Bow .

Reservoirs: Irrigation - EID RD’;4, . m

S rawing Valey \ :

A Most irrigation reservoirs in the Bow S o \_~Q o
system operate fairly simply ' 154; ,_-SPARK .
A Upper rule that attempts to fill to 26 7000 N |
A Lower rule that tries to balance drawdown among SEMARY © JEID Rt £ IR .

reservoirs 3200 :
A Full ability to draw down to dead storage in ) " - -.--f‘-
support of irrigation demand 2 8 : |

AEID reservoirs: , — __

Simulated Storage |00
Upasr Ruls
Lawer R

m: // \\ , //

OKS =

A Crawling Valley

FRANS-CANADA § &
v

|

A Snake L7 1\ BESEE - ey g™ i e
A Rock mm; \/\ / NN o) _.}Nevgéll ;,'S;fﬁ? TMEY.EE- L e L
A Kitsim - /
A Newell 2 o ]

A Rolling Hills —

A Cowocki o ]

A Tilley B ]




Operations: Bow

Reservoirs: Irrigation - BRID

ABRID reservoirs:
A McGregor
A Travers & Little Bow
A Drawn down before McGregor

A Routes Little Bow flows straight through
below 12cms, min flow 20 cfs

A Badger
A Lost Lake
A Scope

A McGregor operates a little
differently

A Off-reservoir demand requires a higher
elevation

A Reservoir will draw substantially below
that if needed

A Also must be able to absorb 300 cfs
headworks carriage flow

Halen watersmarT |

Water Management Solutions &
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Operations: Bow

Reservoirs: Irrigation - BRID

McGregor Elevation

ABRID reservoirs:
A McGregor ]
A Travers & Little Bow . / N\

A Drawn down before McGregor 1 \ / v/‘/

A Routes Little Bow flows straight through 872 ] i
below 12cms, min flow 20 cfs ] \ /

A Badger
A Lost Lake
A Scope

Simulated Storage
Upper Rule

Lower Rule |
On-Resarvoir Curoff

B71

870

853

A McGregor operates a little =
differently o ]

A Off-reservoir demand requires a higher ]
elevation =6 ]
A Reservoir will draw substantially below ]
that if needed L R L L —

A Also must be able to absorb 300 cfs
headworks carriage flow

Halen watersmarT|
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Chestermere Rule Curves

2000

Operations: Bow | %

Reservoirs: Irrigation - WID

7000

AWID reservoirs:
A Chestermere

A Langdon J \/

A Chestermere e ]
A Functionally no storage /

A Langdon modeled very S|mply
A 12,000 AF live storage

A No SAE in model at present, easy to 2
update later

<om

WID Returns @

T T
Jul Oct 2003

BEISEKER
Ry o

IRRICANA. . 1.0
el

1261 4 1265

Hazen waterSMARTl

Water Management Solutio




Operations: Bow

Minimum Flows

A Two major minimum flows:

A 1,250 cfs at Calgary

A Handshake agreement
A 400 cfs at Bassano

A Licensed diversion limit

A Other license limitations on
diversion are also
maintained

NOTE: This describes how
the licenses are modeled, not
the full list of licenses &
conditions which have more
flexibility and nuance

Too To T

Natural flow <= 155 #fs, Low Stage = 450 cfs diversion
Natural flow <= 300 #fs, High Stage = 600 cfs diversion
Natural flow > 300 ris, Flood Stage = 750 cfs diversion

3-Day average flow palarselanck 80 n¥/s, Diversion = 1,460 cfs
A Likely temperature problem conditions
All other times = 1,800 cfs

Model thenewlicense conditions
A wWSOSNEAZ2Y (2
2LISNF GA2Yy & dé

2f R ft A0SyasS Aa
CKSNBEF2NBZ AdQa Yy

N

c

A Same idea as municipal drought plan implementation
A Is junior to BRID

Irrigation Season (May to 30Sept) = 3,400 cfs diversion
Nortrrigation Season (Dct to 30Apr) = 825 cfs diversion
Minimum passby of 400cfs at all times




Operations: Bow

Shortage Distribution: Grouped

A Water in the Bow is delivered in the following order:
1. Junior Demands (<10% of total Bow River demand)
2. Municipal Demands
3. Irrigation Districs

A lrrigation districts follow an informal agreement, though they still follow broad seniority:
A River-dependent blocks are fed first 9L5Qa YySys
A Storage-supported blocks are fed second Y2RSt SR I &
A Reservoir storage is filled The new license is junior

AD d withi h ID sub-cat : ti imate li der- BRID. Old license reversic
emand within eac sub-category is met in approximate license order: rules would be an exceller

scenario for analysis.

— = 0O =

StorageSupported Demands Reservoir Storage Filling

WID WID
BRID BRID
49 EID 43 EID

Hazen \vé(aterSMART'

er Management Solutions &



Bow Demo Analysis

Allow full use of Chestermere

F B |
7)
Find Run Input Data Plot Text Schematic Processor Window Docume .
- . : - Reservoir Node
2 i b 2 8 o — l‘_:t
& W (<9 F\“d % 3 Run: 2022-03-18_CurrentBase5.6
Details Apply Copy Delete Open Export | Select Zoom; Pan | Move | Node/Arc Delete | Node Arc Imag
Tags | Details - -
i Manage Schematics Tool Input Data Add to Sch Name Chestrmer Number | 1260
. Find Runs Schem: 2022-03-18_CurrentBase5.6 X Inflow Mone ~
" P v
= : | Maximum Storage | Constant “ [102567  ~|M “ [# D wWeight 1000 Priority 1
t ‘ wIiD Retums Upper Rule Curve | Time Pattern  “ El C Weight 33 Pricrity 1
'CROSSFIELD - . 230 N
4 1— BEISEKER Lower Rule Curve | Time Pattern B Weight Priority
3 R o
| < Dead Storage Constant ~ | 102318 | M “ [# & weight 1000 Priority |1
|\ RRICANAL il Initial Storage Constant ~ 102388 ~[M v [#
Vre i Evaporation ocL -
4 A{S?RIE L 1261 65 P
i) 1221 ~ KFORD S-A-E Table Stor-Area-Elev

Adjust Lower Rule & Dead Storage to O




SSROM Operations

Oldman and Southern Tributaries System (former OSSK model)



Operations: Oldman & Southern Tributaries

Reservoirs: Oldman, Waterton, & St. Mary

The Abig 30 reservoirs in the 0&S system are mod
o Bl - T =
‘ 2490 19 — : L——_ '
A Oldman releases: £ Coonafle T2 ~al - g =
A Downstream irrigation & non-irrigation use - eton S SN o51c e N wail st
A 1,000 cfs at Medicine Hat 120 2 10 Y :
A Forecast expected d/s incoming flows A erton 2 60
A Waterton releases: pren _//esaas camosToN TAZF 2
A 10 at the mouth iy csawr_—\
A Waterton & Belly o $ : 1.0
AfiLocal o demands . o R
A Canal releases to keep St. Mary as full as possible during irrigation season 2422l )i o ‘
.
A St. Mary releases: 2 amat S
A 10 at the mouth m
AfiLocal Demandso ) C'Nc o
A Irrigation diversion up to license limits WAIS 54 a0d e

St. Mary and Waterton reservoirs do not release to augment or provide flows on the Oldman River

Halen watersmarT |

Water Management Solutions &



Operations: Oldman & Southern Tributaries

Reservoirs: Willow Creek

b28 N

AWi Il 1l ow Creek is -mpce

A Water on Willow Creek is not made available for
O&S use unless it is a surplus

A Chain Lakes

A Operate to meet reservoir demand
A Follow seasonal minimum release requirements

A Pine Coulee
A Operates to meet reservoir demand

A Maintains pass-by flow requirements when
diverting
A Follows seasonal minimum release requirements

2401

3 2412
c5a b02 @

R 2406

GRANUM J—g
a 1.0
2408 -

!
2407 I_

Hazen watersmarT |
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Operations: Oldman & Southern Tributaries

Reservaoirs: Irrigation

Al rrigation r eser vkehorasd the BMRIDIREDITIDsYsten N1 D6 s

A Keho operates as a standard irrigation reservoir tehoesenor
-] \ ===
ASMRI Dé6s system is more ( ;] \7\ \
A Includes secondary canal hydropower generation ] / \ / \ / \
APrefer hydropower, but dondt pu = -
A Balances reservoirs internally : \ /
A Avoids two reservoirs due to cost or recreational impacts § won | v
AIncludes Ridge & Jensen reservoirs /T 7T\
Aldensen only fAnominal |=] 2\“ | H “\\,\
A Ridge includes wet/dry year operations - [N

Hazen watersmarT |

Water Management Solutions &



Operations: Oldman & Southern Tributaries

Reservaoirs: Irrigation

7 ML";J.L(‘__‘I_NL
Order of use: <y
1. Ridge
2. Chin
3. Murray
4 . SaUder S ‘ » MURRAY R4
“I.P.P'.ljm;l :&.«:5 = Map Legend
5. YE”OW 50 H ' e ".n; MIIF RFS A Reservoir Nade
6. Grassy ” il
. e Flow Arc
7. Fincastle/Taber = Natura inflow
8. Horsefly . o
B MAGRATH IRRIGATION DISTRICT
9. 40 Mile RAYMOND IRRIGATION DISTRICT
ST. MARY RIVER IRRIGATION DISTRICT
10. Stafford Y B TABER IRRIGATION DISTRICT

Iohary Agoregate

Hazen watersmaRrT |
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Operations: Oldman & Southern Tributaries

Minimum & Target Flows

A Several minimum flow targets exist in
the O&S system

A Many are patterns, some are fixed
(i.,e. WCO vs 10)

Oldman & Southern Trib Min Flows
A Willow Creek at the mouth

A Oldman upstream tributaries

A St. Mary/Waterton/Belly |0s

A 1,000cfs at Medicine Hat

Note: SSROM assumes US
entitlement flows in the St. Mary
across the border in the base case

CMS

20

10

Oldman West Tributaries Minimum Flows




Operations: Oldman & Southern Tributaries

Minimum & Target Flows

Oldman Dam attempts to make releases to meet 80% of the Fish Rule Curve
FRC 1 = Lethbridge, FRC 3 = Fort McCleod, FRC 4 = LNID Weir d/s

FRC release is calculated by:
1. Compare natural flow against reach- and month-specific table
2. Ensurelookup exceeds the Fort McCleod and Lethbridge fish survival minimum patterns
3. Add a0.5to 2.0 cms buffer depending on conditions

Fish Survival Minimum Patterns FRC 1: Lethbridge

Reach 1 FRC April Lookup
B £
\ [—1

Natural Fiow (cms)

Hazen watersMART |

Water Management Solutions &




Operations: Oldman & Southern Tributaries

Shortage Distribution: Hybrid license/Grouped

A 0&S system licenses are applied to large irrigation districts

A Smaller demands and private irrigators are kept whole
A Total relative volume is small

Water is distributed:
1. Municipalities,
2. Small demands
3. Irrigation lackindicencepriority information
4. Large Irrigation Districts

Full Licenses applied for:
A SMRID, TID, RID, MID, LNID, UID, MVLA
A Blood Tribe, Piikani
A Medicine Hat, Lethbridge, Taber

Hazen



Operations: Oldman & Southern Tributaries

Shortage Distribution: Hybrid license/Grouped

Extended Name olume (cdm)

|3 FV/3 ll watersmar
Water Management Solution:

SMRID St Mary River
Taber

4
o

Raymond

Magrath

<
@
=%
5}
=
®
T
2
o
<
=}
S

<
@®
o
5}
=
®
Jc
2
Q
<
Q
S

Lethbridge Northern
Mountain View
Leavitt

Aetna

St Mary River
Magrath

Magrath

Magrath

Raymond

Raymond

Raymond

Taber

=0 = < —
S o
] = d
=3
=12
=%
Q
®

Taber

d
o

Taber

1899020701
1899020702
1899020703
1899020704

1901

1909

1913
1917111601
1923071003
1939061701
1945063001
1950053107
1950053108
1950053109
1950053110
1950053114
1950053115
1950053116
1950053117
1950053118
1950053119

207441
41939
15098
11324
1684.94
13367
8285.3

185025

9251
9560
6784
409309
5329
16652
3701
15431
30529
6784
41322
83261
18503

Extended Name Volume (cdm)

LNID Lethbridge Northern

Town of

WELIT NS EV City of

Lethbridge City of

Lethbridge Northern
Town of

Medicine Hat [®iAsli

Lethbridge City of

United

==
212

o |O (0]
= =

<<
O|0O

Magrath

Lethbridge Northern
Raymond

St Mary River
Taber

Blood Tribe and
Piikani

Mountain View

O

[« [N =R [
SHHHEEREIHEE
clc|<| 2 5ol o
>|>|>| T S

Aetna
Leavitt
United

O

1974110401
1975
1977
1978
1982041501
1984
1985
1987
1991032401
1991082204
1991082301
1991082302
1991082309
1991082602

19911107001

1991121702
1991122301
1991123004
1993051701
20021206002

82645
2837
64038
11318
61675
667.31
88810.7
6171
62909
4934
61675
32071
273837
9868

49672

617
4317
5242

20970
43200



Oldman & Southern Tributaries Demo Analysis

Expand Keho Reservoir

@ Find Run Input Data Piot Text Schematic Processor Window Documentation Config
: Be0hE BEE QD — B @ ¢

Find Run Input Data Plot Text Schematic Processor Window [ ‘;ﬁ' 3 Tie g‘ i}; ZC? o ;’ o A ,% ; Ssi oo ‘EZZEX?‘"

s = | s
‘,«\ D = =y S ¥ “ . = Junction Nodes

2@1 I:J L 2 &" I/\')\‘ \ "‘”"r "_,___:.: =i Q
Details Apply Copy Delete Open Export | Select Zoom | Pan ) Arc Deiete | Node Arc p——
Tags k J s e - Demand Node
Manage Schematics Tool Input Data Adt - - -
[ Schem: 2022-03-18_CurrentBase5.6 X [-= BRI P R E R LR eI - p— E—— p——
& @ ) " o040 1847 500 % Z,‘I Reservoir Nodes
13 1845 = g s y . Reserveir TravTime Reservoir

- N ¢
~,; Twin.V.Res 1343

B Travel g 342 -
a2 1y N
N T 1850

e g AL W Run: 2022-03-18_CurrentBase5.6
=
1863 1852 ﬁ [Keho Expansiod] | 2465
: " f - Inflow Mone -
3 L Add an Maximum Storage | Constant ~ | 964.24 M “ D Weight |-1000 Priority [1
, A 2 o Upper Rule Curve | Time Pattern  « |[¥] C Weight (60 Priority |1
a S E LJI' y. a ) Lower Rule Curve Time Pattern 8 Weight |63 priority |1
o Dead Storage Constant | 960.64 (M “ [# A weight 1000 Priarity 1
PICTURE ™™ reservoir v s Rz - (Ml
3 g Evaporation 0OCL C
= S-A-E Table Stor-Area-Elev  ~

|3 EV/3 i watersmart
Water Management Solution:




Scenario Analyses
Considerations

Unified South Saskatchewan River Basin Operations Model (SSROM)



Operations: e
Unified SSROM WA e ¥ |

ic of the South River Basin
30 September 2014
w E

\ Red Deer River
Operational Model
3 — (RDROM)

A No real unified P =
operations between v -
basins '

A Oldman keeps
1,000 cfs past Med.
A Apportionment is only Bow R|Ver‘:‘ < -b L - i S (e e e /

part of rationale Operat|onal s Tleelh ] ) T

: 2 : e ? R P vl ‘ South Saskatchewan River Basin
Model = Weay! o o 2 ‘ : " -

Reference Map
(BROM)

A Returns and cross-
basin flows are the
main considerations

Legend

SSRB Sub-basins

d:_,'_—‘ Irrigation District Boundary
"] Park National/Provincial
|’:‘ First Nation Reserve

|:] Military Base

Oldman and South g P
Saskatchewan Rivér

Operational Model
(OSSROM) Aoortss

.: el e ~.JV gggn waledn:a:a"gzvm;m%r:?\g:‘
Hazen WaterSMART'
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Operations: Unified SSROM

Apportionment

Alberta SSRB Apportionment Performance 1970 - 2009
(AENV data 1970 - 2001, PPWB data 2002 - 2009)

A Apportionment treated as a o i
performance measure i T T -
A Alberta is required to deliver 50% of the ] | | w7y gt
apportionable flow to Saskatchewan £ 0 - - - - - - ECCp ’1::1
. . g2 Surplus 1991, *
Aif apportionable flow is below 5,180,000 gfg o | | | ,9;.2%‘39?1 o“i"‘m:m
dam”3 Alberta is allowed a total depletion of E‘Q il .%:;M‘” e
2,590,000 dam”"3 £2 ] | T |
A If Alberta reduces flow below 42.5 m~3/s at % - 1994-’2;:"‘5”9%
any time, the required delivery to *Eé’ . 1575 1997, *e 1850
Saskatchewan returns to 50% of 53 2009 L,
apportionable flow £ 7 + 2000 )
<= 1!19? ) o198 . . . Sgskatchgwan Er_1t|tleme.nt
B b Deficit
. . . 2 1 } 1 | - I | |
Apportionment considerations do not TE S
drive operations! 1. |

o 1 2 3 4 5 ] 7 8 g 10 11 12 13 14

Annual apportionable flow volume (1,000,000s cubic decametres)

Halen watersmarT |

Water Management Solutions &



SSROM Demo Analysis

Eyremore Reservoir

A Turn Bassano dam into O
Eyremore Reservoir

A Eyremore operates to help
Oldman Reservoir meet
obligations downstream of
the Bow confluence.

A Medicine Hat 1000 cfs
A Downstream demands
A Potentially apportionment

Halen waterSMART!

Water Management Solutions



