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Scenario Planning

Scenario planning relies on several key driving forces to build

multipte, plausible futures (or “scenarios”). in contrast.

traditional “predict-and-plan” approaches develop a o
single future.

Given the uncertainties of future water supply and demand,
the CWCB adopted a scenarin planning appeoach for the

SWS! Update. The approach assumes that the future is 0
2050

unkngwn, and it provides fiexibility in responding ta various

ure conditions, Rather than trying to predict the future

by lpoking at the past, scenario planning allows the CWCB - 9
and stakeholders to identify and account for key drivers and 3

ncer period. C

applicable to all futures can be implemented, and adaptive G
strategies can be developed to mest future needs depending

upon future conditions.

Gap Analysis

In previous iterations of SWSI, the gap analysis new municipal and self-supplied industrial (M&S5I) water needs and
anticipated yield from Identified Projects and Processes (I PPs) in the year 2050. A range of 2050 M&SS| gaps were calculated by using mg-
and low baseline water demands combined with higher and lower assumptions regarding the success rate of IPPs. Agricultural gay

also calculated and were defined at the fisld Level as the difference bet = irTigation water requirement and water supply nrm.e:i
consumptive s {in SWSI 2010, this difference was termed a5 a “shortage” rather than a "gap”).

For the SWSl Update, the gap will be defined samewhat differently. For the purposes of the SWSI L‘pdale a gau " perurs when legally and
physically available water supplies cannot meet diversion demands. The gap is the difference between ion demand and water supply.

The gap will be a hydrologic gap and will not consider Identified Projects and Process that may tE effective a' meeting the agricultural or
municipal gap; however these may be evaluated in more detail during future updates of BIPs.

The updated gap evaluation methadology will utilize Colorado's Decision Support System (CDSS) surface water allocation models where
wailable and other analysis tools ta estimate future hydrologic gaps. The models incorporate and consider water supplies, existing

infrastructure, diversion demands, water rights, river operations, and the effects of climate change (applicable to certain scenari

models then use this information to allocate water to meet demands based on the priority of water rights. The output of the moded

be a range of gaps for MSSI and agricuitural diversion demands under wet., narmal, and dry conditions. The graphic balow illustrates »r-= g_p

analysis process:

\Tl'e

Model Results

Surface Water Allocation Model
Model includes:

+ Existing infrastructure

* Water rights and priorities

« River operations
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Estimates of current water supplies are necessary Io understand the amount of water that is physically and legally available to
meet current demands and any additional water supplies that may be available to meet future demands.

Current water supply information consists primarily of estimates of “natural flow” at key locations as well as supplies available
In reservoirs or conveyed across basins. “Natural flow™ {s the amount of native water in the river at a particular location
absent the effects of man, and serves as the foundation of the Colorado Decision Support System (CDSS) surface water
allocation models used in the SWSI Update.

Colorado’s Water Plan included “Water Supply” as a key driver in each of its planning scenarios. Future water supplies
are projected to be impacted by climate change in the Cooperative Growth, Adaptive Innovation, and Hot Growth
planning scenarias.

The CWCB has undertaken several studies and investigations on the impact of climate projections on the future of water

use in Colorado, Most notably was the development of the Colorado Climate Plan (CCP), which focuses on observed climate
trends, climate modeling, and climate and hydrelogy projections to assist with the planning and management of water
resources in Colorado. The CCP discusses the mast recent giobal climate projections (CMIPS) and recommends the integration
of these results with the previous global climate projections (CMIP3) to provide a representative range of potential future
climate and hydrological conditions.

Colorado's Water Plan incorporates the impact of climate change and identifies twa future potential climate projections for the
planning scenarics. The projections reflect “Hot and Dry™ conditions and conditions that are in between Current conditions and
the Hot and Dry conditions {“In-between"). The climate projections are assigned to the planning scenarias as follows:

Cirent e Trend of all
4 modeling
In-Between ” results

Hot and Dry.

Hot and Dry
Hotand Dry

Increasing Crop Irrigation Requirement (CIR)

The effort associated with processing the projected climate data and dovnscaling the information for use at the Water
District level was completed through the Colorado River Water Availability Study Phase Il {CRWAS-Il) project, This effort
resulted in a time series of climate-adjusted “natural flow” hydrolegy at over 300 streamflow gage locations statewide
for each climate prajection. Natural flow hydrolagy for the In-Between and Hot and Dry conditions differed from Current
conditions in various degrees depending on loc: In general, peak runoff tended to occur eartier than Current in some
locations, average annual natural flows tended to be lower than Current in most locations, and frequency/ duration of
droughts tended to increase.




GOALS

Technical Update update goals:

e A consistent statewide framework for examining future
water supply and demand scenarios.

e Tools and data for roundtables to update their basin plans
(e.g. identify local solutions).

e Meet other Water Plan timing goals and actions (e.g. Chapter 6 Actions)
* Monitor Drivers
e Promote the use of scenario planning and adaptive strategies
e Support the Colorado Decision Support System
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2050 Demand Projections Hydrologic Modeling
- IPPs Municipal Modeling

Agricultural Modeling
= 2050 M&lI Gap Environmental Modeling

Scenario Planning Across Major Drivers

A Business as Usual
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Public Values Regarding Water Issues in Colorado

Question

e (Can we better understand public values related to water supply challenges
in Colorado?

Analysis
e Update to 2013 CWCB survey of public water issue awareness

[ Strongly agree  Mean

' Neutral Agree

B strongly disagree | Disagree
Colorado has enough water
to meet our current needs

(n=1,905)
Colorado has enough water
(n=1,853)
[ I I T T I I T T I 1
0% 10% 20% 30% 40% 50% 60% 70% 80% 9

0%  100%




Public Values Regarding Water Issues in Colorado

Key Insights

Jop Three Public Concerns
The quality of water you receive in your home _ 24.3%

Amount of water available for Colorado's farms and ranches _ 20.5%

Amount of water available for Colorado's cities and towns _ 18.2%

¢

Jop Three Public Solutions

% of Household Income Group
] I
S N

Conservation _ 19.4%

Prioritize environmental needs - 14.3%

Develop new projects/build more dams/reservoirs || 13.7%

S

g

2

¢

2

o
=

Willingness to Pay

$1 $5 $10 $25
Additional Amount Willing to Pay per Month

Household Income:
=—o-"Total (n=1,923)
—o— Less than $50,000 (n=715)
—e— $50,000 - $74,999 (n=415)

== 575,000 or more (n=608)



Economic Impacts of Shortages

Question

e \What are potential economic impacts of failing to solve future
supply/demand gaps in Colorado?
Analysis

e Estimate future annual revenues not realized and associated reductions in
jobs for future gaps




Economic Impacts of Failing to Solve Future Projected Supply/Demand Gaps

Key Insights

Existing Shortages Impacts

e $3 billion annual revenue not realized
« 28,000 fewer jobs

Failing to Solve 2050 Shortages

e $53-3%90 billion in annual revenue not
realized

e 335,000 - 587,000 fewer jobs

e $3-%$6 billion annual state and local tax
revenues not realized

Proportions of projected 2050 economic impacts already incurred
due to gaps in available agricultural water supply

Arkansas
Colorado

Gunnison

N platte [ —

o Grnse I I = Aeady incured

M Incremental New

S. Platte/Metro

Southwest

Yampa-White

Statewide Totals

0% 20% 40% 60% 80% 100%



Storage Opportunities

Question
e \What opportunities exist for developing future storage and increasing
existing storage?
7.5 Million Acre-Feet of
20- m— Total Current Storage
. lg 1.57 e e
Analysis ' B s
e Queried the State’s water rights £ 08
database to identify: .- 0.36
0.16
1. Current statewide storage oo- I N L L M T L oo
2‘ Futu r‘e Conditional Sto rage - e e;?rkansas o e Gunnison oore‘0Yampa;’\i‘u’hEiltr::: 9 oorz%SNhPlatle

Irrigation . Municipal Hydropower . Flood Control . Other



Storage Opportunities

Key Insights

o
(8]
1

6.5 Million Acre-Feet of Other Storage Opportunities
Conditional Future New _

25 :  Reallocation of flood storage
Reservoirs

N
o
([

Removal of sediment from reservoirs

-
(9]
1
[ ]

Rehabilitation of fill restricted dams

-
o
]

[ ]

Dam enlargements

Conditional Future Storage [MAF]

<
(9]
]
[ ]

Aquifer storage and recovery

South PIatte!Metro Rio Grande Coiorado San MlgueI!Dolores
Arkansas Gunnison Yampa/White North Platte

0.0-



Water Reuse

Question
e What are key considerations for developing future reuse projects?

Analysis
e Compared benefits and challenges of the following types of reuse:

Reuse via Exchange
Indirect Potable Reuse Non-Potable Reuse Graywater Reuse
Direct Potable Reuse




Water Reuse

Key Insights

*All forms of reuse can reduce
the need for new supplies

*Some types of reuse can be

more effective than others

eReuse can result in a reduction
in downstream flow that
requires close coordination
with downstream users




Alternative Transfer Methods (ATMSs)

Question

e How might traditional barriers to ATMs be overcome and to what scale would they be
needed to make a large impact?

Analysis
e Compared benefits and challenges of the following types of ATMs:

Ag. To Municipal Ag. To Environmental Ag. To Compact Compliance




Alternative Transfer Methods (ATMSs)

Key Insights
Key Methods for Overcoming Barriers Land Required for Large-Scale ATM
 New legal abilities to transfer water To meet 25% of a hypothetical South Platte
e  Ability to protect HCU Basin municipal gap of 100,000 acre-feet:
 Innovative ATM operations, e.g. split-  15% of South Platte Basin irrigated
season fallowing acres (825,000 acres) may need to be
 Recognition that there is no “one size fits enrolled in large-scale ATM program
all” approach for ATMs e Significant infrastructure components

potentially required
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Environmenta} and
Recreat ional IMethold_ology

In Colorado
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B Finance Methc:adalog'

T

As Colorada’s Water Plan i implemented, i i critical

that the overa)) a5t of propased prajices and methads B in the '#). The update o

is Understood ang Presented in a way that enables casy The Finance compaonent of the SWsI & TRAL) weill include the following i

-
I | Eomparison Le. “appies 1o apples). Howsver only 16 Update will focus on the development of 5
| Bercent of the projects and Methods listed in Basin Cost estimating tog) with two modules:
Wat e r e S | Implementation Plans Included cost estimates,

Previous iterations of SWSI have incorporated Costing 1 Projects Module
- t I l

mechanioms developed for strategy and cost anaysis and :

portipli Lomparison, The goal r:gt he finance companent of 2 Cos“"g Mod'ule
the SWSI Update is 1o Build ot previous sy st estimation

methadologies and develop an Accossibile and user friendly

0ol for basin foundtables to use fn Oeveloping high-levet cost

stimates of projects ang Mmethads,

The Projects Module represents efther an entire water Project ar a Companent of a large-seale. comiplex: Project. it includes
an averview of the tool ang allows the user tg modify global inputs such  project yield, peaking factors, cost indices, and
life cycle ang annual costs,

The types of projects proposed in Basin Implementation Plars will bes pre-leadec i the Prajects Model, and the user wilt
be able 1o tustamize the parameters Associated with thegr Project o reflect spocific design and physicag tharacteristics, The
SULPUE from the Projects Madule becomes Qe ta the Costing Madule




Environmental Flow Tool

Flow Needs &
Protections

Threats,

Risks,




Environmental Flow Tool

Legend

[ ] Flow Toal Noda

Rivers

D Major River Sasing

Macro-Attribute
Count by HUC

| o

Macro-Attributes:
Fish - Cold water

. Fisn - WWarm water
Fish - Plaing
Watland

Boating

ISFs

Ry

Instream

Coldwater Warmwater Plains Wetlands
Flows

Fish Fish Fish



Environmental Flow Tool

- Colorado Environmental Flow Tool
— Calculation Details
Basin Name: Node Name:
Colorado j 03057500 (Blue River bl Grn Min F‘.eserwj

— Calculation Period

A.) Naturalized Flow

B.) Baseline Flow

Start Year End Year
Available Simulation Period =
| 1979 | 2013 1975 - 2013
— Flow Data Sets
Historical:

I. |I”|:It|JF|:I|h.|"I:| Inbetween

- environmental fow metric table
% color coding only

" metric values

30,000

25,000

20,000

15,000

10,000

5,000

B P

Mean Monthly Flow (AFM)

® Naturalized

M Baseline

M Business as Usual
Weak Economy

W Cooperative Growth

B Adaptive Innovation

B Hot Growth

Jan Feb Mar  Apr May  Jun Jul Aug Oct Nov Dec
Scenario 1: {Scenario 2: |Scenario 3: |Scenario 4:
Business as Weak Cooperative Adaptive  |Scenario 5:
Flow Metric Naturalized |Gaged |Baseline {Usual Economy |Growth nnovation |Hot Growth

Cold Water Fish Baseflow Fraction: Aug, Sep

Change in Plains Fish Baseflow Fraction: Jul,
Aug

— Outputting Description of Future
- monthly timeseries plot Scenarios
~ ol imeseries pht Note: Deleult reference flows For
5 reference
ST T e emviranmenta’ fow metnics =
- 10 year rolling avg. naturalzed fow data set. If baselie
- monthly awg. plot dizta sef is preferred a5 reference then
- hydrologic classification table with baselne dats set.
- reguiatory low flow table

Calculate

Change in Peak Flow, for Wetland Plants

Change in Max Sucker Biomass

Change in Peak Flow, for Warmwater Fish

Change in Average Annual Flow

Change in Average Winter Flow

Change in Average Late Summer Flow




Colorado Water Project Cost Estimating Tool — Overview

Ditches & Streams &
Diversions Habitat

amamnantt? ..-,.--"“"‘""1
pan® B
guen

Pipelines Well Fields RESEWGII’S

Costing Module

Cost Summary Sheet



Colorado Water Project Cost Estimating Tool — Global Inputs

CWCB Colorado Water Project Cost Estimating Tool

Input Key

. User Input

0 Informational Data*

1] Default Value, Adjustable by User
[ 0 calculated Values, Not to be Adjusted
*This tool provides a means of collecting cost data for various projects throughout the state of Colorado. Some information may not currently factor into costing of a project, but is useful for understanding the components of the project.
User to please provide as much information as possible regarding their proposed project.

Project Name:
Project ID:
Project Need Addressed (check all that uply]:| [] Municipal and Industrial | [] Agricultural | [] Environmental & Recreation | [ other: |
Basin:
Location:

Reset All Module Inputs

Cost Estimator:
Checked By:
Calculation Date: 5/19/2019

Modules Utilized

ea Ditches and
M Pipelines W Well Fields H R W Treatment WWater Rights _ [ ]
abitat Diversions

eservoirs
Project Start (MONTH-YY)
Project Completion (MONTH-YY)
Construction Period — years Reset General R:::I:TI:ED{:::::II
. N
S e I T e o wr User Inputs fopdt Defoult
Project Construction Start Time Period 2017 D
Estimated Project Useful Life 50 years
Annual-Average Water Supply Yield :”ac frfyr

Pro]ect Development Costs

% of Capital Costs

s-vey'-g 1.0% 3% of Capital Costs
Legal Service 10.0% % of Capital Costs
Financing and Bond Assistance 1.0% % of Capital Costs
Envi al and Ci Studies 1.0% % of Capital Costs
Required Land Acquisition acres

Land Acquisition Cost 5 per acre
Permitting 1.0% 3 of Capital Costs

Interest During

Construction
- Global Inputs || Well Fields ||| Water Rights | Ditches & Diversions Streams & ser-Specified Project | Costing Module |_




Colorado Water Project Cost Estimating Tool — Project Modules

Project Module Components General User Inputs

Plpellnes

Reservoirs

Treatment

Water Rights

Ditches and Diversion

Streams and Habitat

User-Specified Project

Raw, Treated

Public Supply, Aquifer Storage and
Recovery, Injection, Irrigation Wells

New Reservoir, Reservoir

Expansion, Reservoir Rehabilitation

Various Treatment Types

Instream Flow Requirements,
Recreational In-Channel Diversion,

Water Supply

New Ditch, Ditch Rehabilitation

Stream Restoration, Conservation,
Habitat Restoration/Species
Protection, Acid Mine Drainage

Water Treatment

Project Types not represented by

other modules

Pipelines, Pump Stations,
Storage

Wells, Booster Pumps,
Pipe Network

Reservoir, Reservoir
Rehab, Hydropower
Production

Treatment

Cost

Diversion Structure,
Headgate Structure, Ditch

Land Acquisition, Channel
Improvements, Channel
Structures, Channel
Realignment

User-specified

Project Yield and Peaking Factor, Pipeline Profile Components,
Pipe Size and Length, Pump Type

Water Table Characteristics, Project Yield and Peaking Factor,
Transmission Pipeline Profile Components, Number of Wells
and Average Production, Well Depth and Capacity,
Transmission Pipe Size and Length, Booster Pump Capacity

Project Type, New Storage Volume, Reservoir Rehab Project
Description, Cost of Rehabilitation, Height of Falling Water,
Discharge through Hydropower Station

Average Day Demand and Peaking Factor, Treatment Type

Total Capital Cost of Water Right Purchase

Type of Diversion Structure, Type of Headgate Structure,
Maximum Diversion Discharge/Ditch Capacity, Type of Ditch,
Ditch Length

Stream Width Range, Length of Restoration, Level of
Restoration

Project Description, Total Capital Costs, Total Operations &
Maintenance Costs



Colorado Water Project Cost Estimating Tool — Project Modules (example)

Ditches & Diversions

Ditch and Diversion Parameters

Project Information

Assumptions

Abbreviations

Project Options
Project Components -
Maxi Diversion Capaci

Reset Ditches and
Diversions Inputs

Project Components
Project can include both a

ditchand siversin |

Diversion and Headgate Structure

Use Type of Diversion Structure (informational) e
Recommended ; .. B either component
Diversion '_ '_ individually. o
Recommended
Structure Cost Cost of Diversion Structure ere for Diversion Cost Data Table
Selected Diversion Structure Cost

Ditch Structure (Conveyance)

Type of Project
Type of Ditch
Length If

3 |_|_|| well Fields | R i Water Ri Ditches & Diversions Streams & Habitat ser-Specified Project {



Colorado Water Project Cost Estimating Tool — Costing Module

Unit Costs

Project Module Outputs

Cost Curves

User-Supplied Projects

Percent Values

Costing Module

Project Development

Annual

Cost Summary Sheet

.
e
——
=
pemry
cmarmmya




Colorado Water Project Cost Estimating Tool — Cost Summary Sheet

Enter Project Name in Global Inputs
Enter Project ID in Global Inputs

Enter Basin Name in Global Inputs Create Cost Summary Reset Cost Summary
Cost Analysis Computed by
6/19/2019 l
Capital Construction Costs
Total Pipelines Project Cost S0
Total Well Field Project Cost 50
Total Treatment Copital Project Cost 50
Total Ditches & Diversions Project Cost 50
Total Streams and Hobitat Project Cost 50
Total User-Specified Capital Project Cost S0
Total Additional Project Costs 50
Construction Project Costs Subtotal {Non-Reservoir) 50
Total Reservoir Project Cost S0
Construction Reserveir Project Cost Subtotal 50

Project Development Costs

Land Acquisition
Total Water Rights Project Cost

88

Non-Reservoir Project Development Costs

Engineering Services

Surveying

Legal Service

Financing and Bond Assistance
Environmental and Cultural Studies

Permitting
Interest During Construction
Power Connection Costs - Pump Stations

Project Development Costs Subtotal {Non-Reservair)

g |& BigigiBggLR

Total Project Cost (Non-Reservoir)

Reservoir Project Development Costs




Colorado Water Project Cost Estimating Tool — Intended Use

Limitations

e Does not replace developed and/or detailed cost estimates

Provides
e Basins a tool to estimate/report planning-level costs for proposed
projects
e Basins a tool for financial reporting of project cost estimates during BIP

development

e CWOCB like-for-like comparisons of proposed projects across the state
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TECHNICAL
WEBINARS

e February19 SWSI Methodologies Overview and Population Data
e Marchl19 Municipal and Industrial Data & Methodologies

o April 23 Agricultural Data & Methodologies

e May?2l Environmental Data & Methodologies

e June?25 SWSI Tools & Next Steps

SIGN-UP FOR WEBINARS




UPDATING THE

ABLE 11-1 CYCLICAL PLANNING PROCESS \
PROPOSED BY THE CWCB

Product Year Initiated

Basin Implementation Plans 2013

Colorado’s Water Plan 2013
ANALYSIS + TECHNICAL UPDATE PHASE it e s

Colorado’s Water Plan 2020

Statewide Water Supply Initiative 2022
BASIN PLAN UPDATE PHASE ACTIONS

1. The CWCB will work with other state agencies,
the basin roundtables, and the people of
Colorado to update Colorado’s Water Plan,

COMPREHENSIVE UPDATE PHASE peguming o MIEr B2, |
2. The CWCB will develop guidelines for Basin

Roundtable WSRA grants to help facilitate the
implementation of the BIPs.

THE

COLORADO
WATER PLAN

b0 /




THE

COLORADO
WATER PLAN

- Rebrand; make it clear how various plans are connected

- Help people understand where you’re going and why

- Can'tjust be “because” —show the Value Add! o o o



BETTER NUMBERS

JPUR I DAS]

1. UPDATE PROJECT LISTS

2. UTILIZE COSTING TOOL




GRASS ROOTS EFFORTS

1A U KEEF GROVVIN

1. HAVE BRT GOALS CHANGED? (50% TURNOVER)

2. EVALUATE LOCAL GAPS AND OPPORTUNITIES?

3. INTEGRATE NEW BASIN PLANNING EFFORTS (e.g. SMPs)



LIVING PLANS ONLY

- JDATED

1. WHAT NEEDS TO BE UPDATED IN THE WATER PLAN?

2. HOW ARE WE TRACKING PROGRESS?

3. WHAT ACTIONS ARE COMPLETED OR NEED TO BE ADDED?

“Chapter 11
confirms that the
planisaliving
document that will
require updates on
anongoing basis.”

- Colorado Water Plan



YEAR 1 YEAR 2

Procurement & Project Lists Document Updates
\ \

( | |
2019 2020 2021
SEPT SEPT SEPT

HIRE CONTRACTORS UPDATE IPPS ANALYZE + UPDATE BIP DOCUMENT
I
SEPT 19—JAN20 FEB20—AUG 20 SEPT 20—SEPT21

@ WATER PLAN

NOV 20—NOV 22



SUMMIT
AGENDA

SEPTEMBER 25 + 26 2019



QUESTIONS?

Brown o &
Caldwell ¢ COLORADO

Department of
Natural Resources
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