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Project Purpose

* Build models surface water quantity models capable of:
— Accounting for inflows and outflows from a basin

— Accurately simulating streamflows and reservoir levels over the
historical inflow record

— Conducting “What if” scenarios to evaluate future water
demands, management strategies and system performance.

e CDM Smith’s contract ends after the models are built and
training is conducted



Project Purpose

* Once they are built and accepted by DNR/DHEC, the models
will be made available for use by water utilities, energy

producers, river basin organizations, and other stakeholders.

 The surface water models, and (.
other available tools, can be Assessmens /

used to support development of
regional water plans
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Development of Surface Water Quantity Models

Timeline of Gage Data
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Simplified Water Allocation Model (SWAM)

Developed in response to an increasing need for a desktop
tool to facilitate regional and statewide water allocation
analysis

Calculates physically and ! EE==—8
legally available water, 8| Virg™s
diversions, storage =S

consumption and return = ==
flows at user-defined nodes

Used to support large-scale
planning studies in
Colorado, Oklahoma,
Arkansas and Texas

: CDM
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River Basin Flow and Operations Models -

Similarities between SWAM, OASIS, CHEOPS, and RiverWare:
e Used in major river basin studies and/or statewide water plans

® Operating Rules of varying complexity

® Monthly and Daily Timesteps

¢ Visual Depiction of the River Network

Unique Features:

SWAM OASIS CHEOPS RiverWare
® Familiar and adaptable @ Built in Probability e Tailored specifically ® Fully linked
environment: Visual Analysis for Real- for hydropower graphical network
Basic and Spreadsheets Time Ops e Energy development
® Built in functions for e Optimization Calculations ® 3 modes:
reservoirs, river toward objectives * Reservoir e Pure simulation
operations, discharges, in each timestep Tracking e Rules-based
irrigation, return flows, ® Familiar Visual simulation

etc. Basic programming e Optimization



Simplified Water Allocation Model (SWAM)

* Object-oriented tool in which a river basin and all of its
influences can be linked into a network with user defined

priorities
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Simplified Water Allocation Model (SWAM)

* Intuitive & Resides within and interfaces directly with
Transparent Microsoft Excel

 Ease-of-Use Point-and-click setup and output access

* Simple & Mass balance calculations, but handles
Robust operating rules, use priorities, etc.
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Simplified Water Allocation Model (SWAM)

* Supports multiple layers of complexity for development of a
range of systems, for example...

A Reservoir Object can include:
1. Basic hydrology dependent calculations

2. Operational rules of varying complexity such as prescribed
releases, conditional releases, or hydrology dependent

releases. . _
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The Models Can Be Used To...

 Determine surface-water availability
* Predict where and when future water shortages would occur

* Test alternative water management strategies, new operating
rules, and “what-if” scenarios

* Resolve water disputes
* Consolidate hydrologic data

* Evaluate the impacts of future withdrawals on instream flow
needs

e Evaluate interbasin transfers
e Support development of Drought Management Plans

 Compare managed flows to natural flows



SWAM Model Main Screen
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Object Palette

Agricultural Users —T

Twin Lakes Imports Blue River PrOJect
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Tributary Input Form
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Reservoir Input Form
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Water User Input Form — Main
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Agricultural Water User Input Forms
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Instream Flow Input Form
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Output Tables
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Calibration Result Graphs

[Z“ H9-o-s SWAM Arkansas Basin 2014 for team 6-20-14.xlsm - Microsoft Excel o B R
Home Insert Page Layout Formulas Data Review View Developer Add-Ins Bluebeam iV o o e &R
AF15 G | T
Object Simplified Water Allocation Model (SWAM) “~ev.| | | e =exchange =
Palette 3
f opkeed Vet el | e m » =transbasinimport/export
Start Y Start Month EndY: End Month /
v (aan P | -I
| 1981 [ oct [ 2012 | sep
P bl R - 180,000 . .
ueblo Reservoir e Arkansas River at Canon City
350,000 s ’
2 140,000
300,000 ] | . — Gaged
@ Measured | 2 120,000 |
250,000 o — Modeled
Ty — 1 O de | 95 : 100,000
<
E‘; 200,000 E 80,000 -
o
% 150,000 a | = 60000 -
12 \ S
100,000 |‘ g 40,000 - =
50,000 “ E 20,000
0 0+ T ; ; 7 : : :
Apr-01  Nov-01 May-02 Dec02 Jun-03 Jan-04 K | Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
S
Homestak R
/ QM ' )/ ] Coorado Canal
00 Arkansas River nr Avondale
/ E lw'ooo GJBCL' Henry & Meredith
z ~ = Modeled
+= 100,000
—
5
E 50,000
5 —y—
0.05 0.2 0.35 0.5 0.65 08 0.95
percentiles (likelihood of exceedance)
I Rocky F
Husrfano R. Highiine

CIRBNCHBN'F W 120 Mode  Node Output « Reservoir Output  Aquifer Qutput (T CNLc IPE)

Rea K
=l

1 g 1 1 i il 1




Major Tasks

Data Collection Unimpaired Flow
— - Streamflow, M&I and ag Development
‘7/) with_dr.awgls, dischargfes, ) Daily mean UIFs
ﬁ precipitation, reservoir
operations, interconnections,
facility operation dates, etc. Data Analysis
- Gapfilling and

record extension

Stakeholder
Input

-~ Basin Model Baseline Model

&  Schematic Calibration Runs

|c—ts - Model framework - Reproduce actual - Simulate current
development conditions conditions

Stakeholder
Input



Schedule for Developing the Models

e Pilot Model of the Saluda River Basin

 Other models to follow, with order based on data availability

» 2-year schedule requires that groups of models be
constructed in parallel

Aug Aug

2014 2015

|
Data Collection

Saluda i
Edisto
Broad |

Aug
2016

Pee Qee
Catawba

Santee
Savannah
Salkehatchie

Piny-
\. \
’ feood ) \
. Catawba
e |
\ Sotwda ] & 2)
- o ~
o o - PreDee
. \
\ ! \ 4
v = ) )
f % e
\ “an : ‘—"
) Fdintn - -
;‘ R : .
) >, AL Sy Y
¢ X 5 e
1 SN A Santes
ey 1 @ o
i -
& Sofkehorehle | o8
: A > /
! a1 \
! ~
L -
2 & g
|




Schedule for Developing the Pilot Model

Task/Deliverable Date

 Unimpaired Flow (UIF) Methodology Dec 1, 2014
e Model Framework Jan 15, 2015
* UIF Dataset Mar 1, 2015
* Baseline Model Runs May 1, 2015
* Final Calibrated Model June 1, 2015
* Model Training and Users Manual July 1, 2015



2 Process & Schedule

Data is Needed to Support...

1. Development of Unimpaired Flows (UIFs)

UIF Definitions: - Flow in a river as it would be in a completely unaltered state
- Historically observed flows with human influences removed

UIFs Provide: A baseline for evaluating impacts of human use by allowing
analysts to compare altered flows to UIFs

2. Development of each baseline model

A. Withdrawal and return amounts and locations

Current reservoir operating rules

Geessdin K
.-‘ P I | *
3

B
C. Drought Management Plans and Requirements
D

Instream flow requirements




Data Needed to Support Unimpaired Flows

v Streamflow, dating back to earliest continuous gage data

@ Historical withdrawals (>100,000 gpd) and discharges for
=" M&I, thermoelectric, agriculture, hydropower

a2 Reservoirs

a) Operating rules and elevation-storage-area curves
b) Historical elevation release data

c) Precipitation and evaporation records

<« Interconnections



Data Collection

1. Permitted surface water users will
be contacted by CDM Smith to:

A. Confirm the history of your water
source(s) and operation pslh

Re Surface Water Availakelity Assessment Modeling

B. Collect additional data that may be Abbevile Gy O

useful to characterize and quantify —

You are receiving this letter as your company or utility has a surface water withdrawal

h isto ri Ca I Wate r With d ra Wa I S a n d ;r‘mut trc;r;l th; S:C-u!};. l-'J‘X\‘J;Hl Dfr.;.l:'.m.—r.t o!i}{ml";h xn‘d an‘.‘n;‘:xu:;.—nui C ::1"101
DHEC 5 vou mav be aw {EC the South Carolina Department of
discharges for UIF development

firm, CDM Smith, to develop

¢ ecent water use data has been

PO 1 may have historical water us c’ other information that
Ul}lllLDhL Jl,ll. dels

L] L] L]

2. CDM Smith will follow-up with an = s o wcmisg o dss sesn soaes

fa lr ")r”'l )\P equests, and v H"!('l appreciate, vour participation in
s data collection and verification prox

e-mail confirming our },‘ R ———————
understanding of your data




