South Carolina Surface Water |, e, ot
Quantity Modeling Project John Boyer, PE, BCEE

: _ : Tim Cox, Ph.D., PE
Saluda Basin Meeting Nog2ntroduction to the Draft Model December 2. 2015

Mainstem HW
ddle Saluda) N. Saluda

illik .
Bk ol \ GC: S—

SOUTH CAROLINA -

SURFACE WATER QUANTITY MODELS ¢ oA
SALUDA RIVER BASIN MODEL | #ESisea i




Presentation Outline

A Project Background and Status

A Model Calibration/Verification
A Calibration/Verification Philosophy and Approach
A Calibration Results and Discussion

A Saluda Baseline Model

A Overview and Uses



Project Purpose

A Buildsurface water quantity models capalié
I Accounting for inflows and outflows from a basin

I Accurately simulating streamflows and reservoir levels over the
historical inflow record
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demands, management strategies and system performance.
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A Awater accountingool
A Calculates physically and legally available water

A Traceswater through a natural stream network,
simulating withdrawals, discharges, storage, and
hydroelectric operations

A Not precipitationrunoff model (e.g., HEBMS)

A Not a hydraulic model (e.g. HEAS)

A Not a water quality model (e.g., QUAL2K)

A Not an optimization model

A Not a groundwater flow model (e.g., MODFLOW)
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Calibration vs. Baseline Model

A Calibration Model

A Purpose: Confirm models ability to accurately simulate riv
basin flows and storage amounts

A Uses recent withdrawal, discharge and flow records

A Baseline Model
A Purpose: Evaluate water availability under future conditior

A Uses entire record of floand most current withdrawals
and discharges



Saluda Basig SWAM Framework
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Figure 1. Saluda River Basin SWAM
Model Framework
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Modeling Report and Other Documents

http://www.dnr.sc.gov/water/waterplan/surfacewater.htmil
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Surface Water Modeling and Assessments

Effective water planning and management requires an accurate assessment of
the location and quantity of the water resources of the State, and one of the
most useful tools for evaluating management strategies is a computer model that
simulates the surface water system throughout an entire watershed. To that end,
SCDNR and SCDHEC have begun the process of developing surface-water
quantity models for each of the eight major watersheds, or basins, in South
Carolina.

A more detailed dlscusslon of the proposed surface water modeling can be found
in the document 14 and
an overview of each ofthe eight baslns for which the models will be deve\oped
can be found in the document Major Basins of South Carolina PDF.

In July 2014, CDM Smith, Inc. was awarded a contract to develop the medels for
the state.
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Saluda River Basin

MODEL CALIBRATION/VERIFICATION




Calibration Objectives

1. Extend hydrologic inputs (headwater UIFs) spatially to
adequately represent entire basin hydrology by
parameterizing reach hydrologic inputs

2. Refine initial parameter estimates, as appropriate

I E.g. reservoir operating rules, %Consumptive Use
assumptions, return flow locations

3. Gain confidence in the model as a predictive tool by
demonstrating its ability to adequately replicate past
hydrologic conditions, operations, and water use

I without being overly prescriptive



Potential Sources of Model Error and Uncertaint

A Gaged flow datat(20%)

A Gaged reservoir levelg P%)

A Basin climate and hydrologic variability

A Reported withdrawal data

A Consumptive use percentages

A Return flow locations (outdoor use)

A Return flow lag times (if applicable, e.g. outdoor use)
A Reservoir operations (operator decision making)

A Reach hydrology: gains, losses, local runoff and inflow



Calibration/Validation General Approach

A 1983¢ 2013hindcastperiod; monthlytimestep
i LYOf dzRSa RNRdJzZAKG&a Ay o020K SI |
A Comparison to gaged (measured) flow data only
I operations and impairments are implicit in that data
A Assess performance at (subject to gage data availability):
I multiple mainstem locations
i all tributary confluence locations
I major reservoirs
A Multiple model performance metrics, including:
I timeseries plots (monthly and daily variability)
I annual and monthly means (water balance and seasonality)
I percentile plots (extremes and frequency)



Calibration/Validation Locations
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Saluda River Near Greenville
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Monthly Flow Comparison
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Monthly Mean Flow Comparison

SLD 04 Saluda River nr Greenville
Monthly Mean Flow (CFS)
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Monthly Flow Percentiles Comparison

SLDO4 Saluda River nr Greenville
Monthly Flow Percentiles (CFS)
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Annual Average Flow Comparison
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Daily Comparison
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Congaree River at Columbia
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Monthly Flow Comparison

SLD 27 Congaree River at Columbia (CFS)
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Monthly Flow Percentiles Comparison

SLD27 Congaree River at Columbia
Monthly Flow Percentiles (CFS)
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Annual Average Flow Comparison

SLD 27 Congaree River at Columbia (CFS)
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Daily Comparison

SLD 27 Congaree River at Columbia (CFS)
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Reedy River Near
Waterloo
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Lake Greenwood
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Storage (Lake Level) Comparison

Lake Greenwood Levels (ft)
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Lake Murray
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Storage (Lake Level) Comparison

Lake Murray NAVDS88 Levels (ft)
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SWAM Calibration/Validation Summary

A For all sites, modeled mean flow values, averaged over the fu
period of record, are within 1% of measured mean flows

A Monthly mean flows percentile deviations are all generally
within 10-20% with no clear bias

A Modeled low flow values (as represented by 7Q10 flows) are
within 2% of measured values at mainstem gages SLDO04,
SLD18, and SLD25, and 35% at SLD09 and SLD27.

A The model adequateljindcastsdelivered water supply for
each water user in the model (no significant shortfalls).



Saluda River Basin

BASELINE MODEL




Baseline Model

A Represents current demands and operations combined with :
extended period of estimated hydrology

A Most demands reflect 2008014 averages
A Estimated hydrology from 1925 to 2014
A Current reservoir rules, guide curves, minimum releases

A Future rules (e.g., Lake Murray Striped Bass) can be togg
on/off

A Inactive users are not included

A The baseline model serves as the starting point for future
predictive simulations
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A Determinesurface watemvailability

A Predict where and when future water shortages would occur

A Test alternative water management strategies, new operating
NHzfE S&4> -AFR da0KKUNN2a

A Evaluatethe impacts of future withdrawals on instream flow
needs

A Evaluateinterbasintransfers
A Support development of Drought Management Plans
A Compare managed flows to natuffdws

A Consolidate hydrologidata



Example Use
Adding a New User

A Add a newM&I permittee near Ware Shoals
A Demand = 20,000 MGY (B®0d)

A Canthe river sustain the new permit, without impacting
downstream users

A Add a new Instream Flow Object downstream
A Instream Flow Target = 100 cfs

A Are their shortages?



Add a Municipal Water User Object from the Pale
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Add a Municipal Water User Object from the Pale
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Add the New User In the Water User Dialogue
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Specify Water Use
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Specify the Source and Diversion Locati
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Specify the Return Location
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