Water In Central

Ken Seasholes

Ari zo n a Manager, Resource Planning & Analysis
. Central Arizona Project '

5 million people,? ' - |

400,000 irrigated

acres, a dozen
tribes? and
8 inches of
precip?

1 5.8 million, actually

2 Depending on how you count

CENTRAL ARIZONA PROJECT

3Yes, per year










Central Arizona Project

« Diverts ~1.6 MAF of Arizona’s Colorado
River entitlement

- 336 mile agueduct system
« 15 pumping plants

- 8siphons, 3 tunnels

- 2,900 ft. of lift

- 2.8 million MWH/yr.

- Governed by 15-member
elected Board

«  ~5350 million annual
budget

CAP
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Water Supply & Demand

Some of the major factors that affect Arizona
water supply, demand and reliability:

= Growth —
.

" Shortage
= Climate Variability

= Socio-Economic Changes
= Agricultural Trends = "Driving Forces”
= Water Storage Preferences
= Policy Changes

= Behavioral Shifts

- SCAP
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Urban Growth
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Urban Growth
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Colorado River

WYOMING

Wyoming

Lower Basin 7.5 MAF [ Basin,, e i,

California 4.4 MAF
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Colorado River Shortage




Acre-Feet

Colorado River Shortage

Impacts to CAP, by Priority
2007 Guidelines vs. Drought Contingency Plan
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Supply & Demand Modeling
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Supply & Demand Modeling

« The complex interplay between supply &
demand was ultimately reconciled in a
four step process — M‘L? :
— Calculate demands S — .
— Determine supplies Mk SRRt
— Request supplies
— Fulfill requests

Sevvice Avea Mode)
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Conceptual Model
' | Determine Supplies

A I Available Supply:
Demands: Generally . ((\0 [ [ Overall physical/legal
developed without AV Available Supply availability. The
Demands
regard to the . o | 1 SW 50 order of preference
availability of supply. Entity Demand w g E 2 | CAP | 507 determines the
If a demand is supply Ag1 500 "E overall sequence
defined (e.g., AWBA) Muni 1 150 13 [GW | 99 used in the "Fulf
the demands Muni 2 o I Fulfill Demands ‘ Requests" tep.
unlimited (i.e., 999). AWBA 999
SW: The 50 AF ; [
. is divided SW: Prorate
Request Supplies between Muni 1 [Tjunrg 7
& 2 on the basis Muni 2 3
of their
Supply Requests: | | entitlements/req
Generally the same Supply Requests ) uests (50 & 100).
as the entitlements, Entity SW CAP W I . .
but Ag 1's request for [ CAP: Muni 1 getsiits full
CAP less than their G U g 999 CAP: Fill by Priority entitlement; Muni 2 only
allocation. Muni 1 S0 50 999 1| Munii 50 needs 67 AF to satisfy its
Muni 2 100 100 999 | | = |1 | Muni2 67 remaining demand. Ag gets
AWBA 0 999 0 g 2 | Ag1 200 its request. AWBA gets
3 AWBA 190 what is left.
| [ ] —
Entitlements: Entitlements | | l
Rights, contracts and Entity SW | CAP GW [ Supplies = Demands
policies Ag1 0| 300 999 GW: All GW: Fill Remainder Entiy | SW ] CAP | oW
Muni 1 50 | 50 | 999 unsalisfied Ag1GW 300 é 21l ol 201 30
demand is met - g
Muni 2 100 | 100 | 99 | ] with GW (i Muni 1 GW 8 Muni1| 17| 50| 83
AWBA 0] 999 0 requested/ L 2 Y Muni2 | 33 67 L
entitied). AWBA 0 190 0




Simple GS Model

& Goldsim - Simple_SA_Model_Steps_11_16_17.gsm

- O x

FILE EDIT VIEW GRAPHICS MODEL RUN HELP

OFE ¥Xah @BELYE O 70 00 MO AF XR CMEB =DA$L D+ =% E-w- O

Browser - I x S TLE 5 Model »
. Demand History "~ ~
- e Entitylndex
_}; Expressionl . .
i GrowthRate CAP Service Area Modeling Steps
- [y InitialDernands Highly Stylized Process & Example
v L—_| Data

. AP dsh_DemandGrowthRate
. AP dsh_UseStochastic

. 4% thl_Entitlements

.. 4% tbl_InitialDemands

. 4% thl_InitialSupplies

. 4% thl_SupplyRequests

v [ ] Fulfill_Requests

v [ capwater

~[] Priority_1_CAP

----- J AvailableCAPP1 4
..... J CalcCAPP1Ratio

..... JC{ CalcRemaining CAP

..... J CAPP1AdjustedDemands
..... J DemandAftersw Data
..... J DemandsAfterCAPP1
..... “= FillOrProrateCAPP1
..... J FulfilledCAPP

..... J RequestedCAPP1

..... JC{ SupplyAfterCAPP1

3 D Priority_2_CAP

> ] Priority_3_CAP

v-L—_| Groundwater

----- .,Cg DemandAfterCAP

..... J FulfilledGW

..... ﬁ RequestedGW

> D SurfaceWater

> { ] Request_Supplies

g D ro Parameters

% Containment View ECIassView AP

CENTRAL ARIZOMNA PROJECT

This mini-model replicates the "CAP Service Area Modeling Steps”
llustration. It receives demands, and fuffills orders for various supplies on
the basis of entitements, requests and availability.

Awailable_Supply

Request_Supplies




CAP Service Area Model (CAP:SAM)

 Tool for projecting supply and demand

iIn CAP’s three county service area

— 135 entities (municipal providers, irrigation districts,
Tribes, AWBA, CAGRD, etc.)

— 16 water supply types

« Accounts for complex legal and
physical characteristics of users
and supplies

* Designed easily generate “what-
If” scenarios

CENTRAL ARIZOMNA PROJECT



CAP:SAM Features

Adjustable rate and spatial pattern of growth
Variable rates of municipal use and conservation

Projected agricultural demand, including changes in
efficiency, crop types and consumptive use

Calculated rate of urbanization of active Ag land
Dynamic distribution of recharge activity

Tracking of water supply portfolios, including leases,
exchanges and long-term storage credits

Processing of data from Colorado River Simulation
System model



Summaries for Regulatory Submission
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Scenarios for Regional Planning

« Support for Bureau of Reclamation “"Basin Studies”
— Identification of supply & demand “imbalances”

— Consideration of climate change

— Integration with regional groundwater flow models

. ent
Scenario Developm
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Advice from Scaling-Up in GoldSim

w . Service_Area_Model
> [] DASHBOARDS
> [ ] pATA
> [ "] DEMAND
> ] FuLAILL
> [ ] REQUEST
» [ ResuLTs
> ] suppLy

% Containment View | [t Class view

Results

& Goldsim - CAPServiceArea_v3.50_LSCRES.gsm

FILE EDIT WIEW GRAPHICS MODEL RUN  HELP
DEE %xeh EELTE O Xk 0o | 5 F ER =OASM EEE E = -w- O
Erowser - 0 x =] 1.2_ 5 Service_Area_Model »

SCAP

CENTRAL ARIZONA PROJECT Service Area Model

This model simulates water demands in the
CAP senice area; the various supplies used /—\

to meet those demands; and the impacts of » » Dashboard
supply variability. The model considers all

major water using entities (e.g., municipal

water providers, tribes, irrigation districts, o]
etc.), and all major water types. For each DEMAND

annual timestep, four basic steps are T

performed:; o v

RESULTS

a.) Calculate Demands I/
b.) Request Supplies f

c.) Determine Supplies |

d.) Fulfill Requests

7

The primary calculations in the first two steps DASHBOARDS

are organized by water user class/sector.
Step d (Fulfill Requests) is where the
physical and legal availability of the supplies
are considered by summing the the various
sector requests for a particular supply, and 4
then the requests are filled (or not). Steps a-
¢ do not have to be performed sequentially,
but all must to be performed before step d. L
REQUEST vﬂ u
The model runs in CALENDAR time, with a FULFILL

defined start and end date.

i= E. Official, Very Dry [LSCRES]

CENTRAL ARIZOMA PROJECT



Practice Good Model Hygiene

Develop style and naming conventions
— (e.qg., data prefixes {val_, tbl_, ts_}, CamelCase, verbose names, etc.)

Use appropriate containerization
— At higher levels, emphasize process/system

— At deeper levels, emphasize the math
« Help your future self

Limit equation complexity
— Show each step

Use check-in/check-out script for multiple users
— Available in Model Library

S CAP
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Use Arrays

Arrays are fast, flexible and powerful

— A single calculation can be applied to a entire class
« Avoids duplicated Expressions

— There is a full suite of manipulation and calculation functions
« Right-click in Expression dialog - Functions - Array Functions

Use named Array Labels help make your model human readable

Use vinterp() & vindex() for dynamic lookup & manipulation
Use an “index vector” for value insertion

* IndexDays = vector (days, row)

* TrashDay = vector (1f (row=IndexDays[Tuesday],1,0)) —L._ﬁjﬁ""“'“"”“’““l

TrashiDay Value:
‘[c-, 0, 1, 0, 0, 0, ol

= \ Equation: vector( if{(row = IndexDays[Tuesday], 1, 0))

Index™
[+ IndexDays [Days]
Value:
[ll 2' 3I 4! SI 6! 7]
Equation: vector(Days, row)




Visualize in Excel

« GoldSim’s charting has improved, and is well-suited for
modelers, but Excel offers more capabilities
— GS’s embedded charts are a great new addition—thanks!

« Write GS outputs to standalone Excel and/or text file(s)
— Put them in a separate location, and don’t touch them

« Use separate Excel files, linked or connected as a data
source, for charting and manipulation
— Prevents collisions; use Refresh All & Update Links

Make data connection to Log File for scenario & run data
— To update Log File, use Script Element to generate a fake Warning

S CAP
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Visualize in Excel

Scenario name Run Date File VerSion Central Arizona Project Service Area Model
& Description e

ona Project Service Area Model

Dry, Rapid Outward [WVWA]

GPHUD Scenario Mew 1

GPHUD Change New 0.0% peryoxr SW Availability

Dry, Rapid Outward [WVWA] Run Date: 2/25/2012  Filename: CAPSenviceArea_v3.20.gsm
Faster growth rate, with an cutward [sprawling) growth pattern,
plus hotter and drier due to climate change.
allow Shortages  Yes Annual Housing Units (3-county)
Select CRSS array 3 3=Symthatic 150000
Use specific Trace  Yes
SE;EL'E;E[ITI'IE 2 I=mm2=ﬂﬂﬂ:3lelg':l! 1onoag
M (0] d e I AWBA Max M&I  20% 50000
‘Water Scenario 2 1=Nio Reduction; 2=Cceational: 2=Fraquant o c T T T :
parameters Use CAP Buildup Vs SREREHSREEEIIEE
CAP Buildup 5cenarioc 2 1=2037; 2=2043 2
HU Growth Pattern 3 t=8azaing E
HU Eorecast 2 f=Liza Curva; 2=Eler Forgaost CO River ShOI'tEE'ES E
— J HU Curve 2 1,000,000 H
EPcoRscyy HU Growth Start Rate 2% 750,000 H
: HU Ordinary Level 56,000 00000
. HU Rate @ 50yrs 3% 250,000 E

ORsc GPHUD Change Existing -0.3%  peryeor
GPHUD Max Change Existing  -12% .
- e EHISting L L T e L T
GPHUD Min Existing 220

Avon,
‘ Ag Climate Adjustment 0.1 100%
&g Efficiency Increase  0.1% per year u u \V
Ag Efficiency Goal E0% 50%

Ag Replace CropCU 266

Ag Intensity Scenario 2

Ag Develop on Crops  70% Perecent of max on octive Ag n = o
Ag Acres Replace Percent 0% HER
&g Replace Crop Year

—CAP
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Don‘t Clone
“ ¥

. - 1
w“w v e,

Just because you can...

S CAP
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Don’t Clone

...doesn’'t mean you should!

S CAP
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Show Ins & Outs

& coldsim - CAPServiceArea_v3.50_LSCRES.gsm = F X

FILE EDIT WVIEW GRAPHICS MODEL RUM HELP

ODFH ¥Bn ZEELTYR O Lk 00 F XK =OASl EB R

- = =

Browser * O X 4 & > Gervice_Area_Model » DEMAND » Demand_Muni b MNew » Calculate CAGRD_MLs »
~ [ ] Calculate CAGRD_MLs ~
» {_| Apply_Coefficients

+
[nd
-

=

4
[

4

4

Calculate Member Land Demands

> D Apply_Limits This section calcuates housing unit distribution and demands for Member Lands. | accounts for housing units

¥ I:l Calc_Coefficients that are enrolled but not yet built (and generates a demand estimate based on a custom GPHUD) as well as A

5 D Calc Demands housing units and demands associated with the 2015 Plan of Operation (and beyond) =

- o 2w
» 7] Calc_Zombies =/,

>. I:l Create_Matrices _aﬁgfc\ /-”'_“‘-\‘

p— — PlanDistributionRatios
. . X \_r —
>|:| Pre_Plan_Units (_‘L\E\_/ ‘ f;r ‘ ‘ ‘f.“: ‘ <__,_//
> ] Select_Coefficient ® ] X e M e
- Annua|HUsByWP —_ Ratios RemovePrePlanRatios
’ AddUlIllsB]‘WP MLAndUndesignate

.f: AllConstructionByh
- Jfy AnnualHUsByWP
-l CAGRD_MI_Example é
. f CAGRDStatus A7
T FinalHUDistributio P,
- HUsToDistribute CAGRDStatus
- ¢ InitialUnbuiltLots
- fr MLAndUndesignat: N
. Jx MLDemand
MLHUsByWP

|
Pre_Plan_Units

—

e

~ </l Planland2ConstructionByAMA
Plan3ConstructionByAMA

?;sﬁ

& ."“'-—-__._____’

MLWPConstructior Calc_Coefficients L] —a'
7 Apply_Coefficients

Plan1and2Construc L 4 .
Plan1and2Construc c/ [ Apply_Limits l\

X

S

S
- Je
'fr P|;.|1ﬁnd20|ﬂ! InitialUnbuiltLots Select_(:ueﬁ'lcient'
- J Plan3Constructionl / \»
. ¢ Plan3Constructionl .
S

S

Je

Jx

S

¥

_“"'-H-_._*b

S S

fgﬁ |
PlanDistributionRa \ *\\.\ Create_Matrices
PlanPeriodindex <y " )
. a L UnbuiltLots
ProvidersByAMA ProvidersByAMA
[ [ ] —

Plan3ConstructionByWP Planland2ConstructionByWP

Rati \ .
. f. RemovePrePlanRa . § SubtractFromUnbuilt [ Z l
.. ¥ SubtractFromlInb ¥ [f | f | . /i
< > X X FinalHUDistribution
¥ \ Jm ‘gﬂ_l:.\ PV T, h

% Containment View ECIass View

Results E E. Official, Very Dry [LSCRES]




Now, about the
Columbia
River...

b
Colarado -
Basin ;
; Aqueduct

Fars
'r ij.;Gra.;;f;H"

Rivar
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Manager, Resource Planning & Analysis
Central Arizona Project
kseasholes@cap-az.com



