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Project Purpose

* Build 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.




Project Status — Salkehatchie Basin

Data Collection Unimpaired Flow
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1. Data Collection,
Organization and Analysis

2. Model Framework
Development

3. Unimpaired Flow
Development

4. Model Development and
Calibration

5. Baseline Model
Development and
Documentation

6. Training




Modeling Report and Other Documents

e http://www.dnr.sc.gov/water/waterplan/surfacewater.html
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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 ]
legally available water, ” 2 ﬁ A
diversions, storage ; % U Simplified Water Allocation Model | (SWAM)

consumption and return P\ Mee=r versona

flows at user-defined nodes VEUOEYE L

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

~zit CDM
wee:  Simith




The Simplified Water Allocation Model is...

e a water accounting tool
e a WHAT-IF simulation model

* a network flow model that traces water through a natural
stream network, simulating withdrawals, discharges,
storage, and hydroelectric operations

* not precipitation-runoff model (e.g., HEC-HMS)
* not a hydraulic model (e.g. HEC-RAS)

* not a water quality model (e.g., QUAL2K)

* not an optimization model

* not a groundwater flow model (e.g., MODFLOW)



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

e 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
e 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)

* 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.

Storage Initial Storage
Delete Capacity (AF) (AF) & Offline
Node ‘ ‘ ¢ Online

R i
Evaporaon ————————————————————————————————————— — Reservoir Rel leases

& Inchesf/day ¢ % Volume ¢ Input Timeseries Receiving Stream: & simple
~| © Advanced
Monthly Rates Area-Capacity Table Release Location (mi) 0
@ simple " Detailed User Defined Releases
Month Evap. Rates Volume Area Month Min. Release cFs

P
(in./day) (AF) (ac) (AFM)
n

Jan Ja

Feb Feb
Mar Mar
Apr Apr
May May
Jun Jun
Jul Jul
Aug Aug
Sep Sep




Salkehatchie River Basin

MODELING DATA REQUIREMENTS




Data Collected for Model Development

e USGS daily flow records
e Historical Operational Data

— Withdrawals (municipal, industrial, agricultural, golf courses)
— Discharges
e Subbasin characteristics (GIS)
— Drainage area
— Land use



Salkehatchie River Basin

UNIMPAIRED FLOWS (UIF)




UIF Definition and Uses

Definition: Estimate of natural historic streamflow in the
absence of human intervention in the river channel:

— Storage

— Withdrawals

— Discharges and Return Flow

Unimpaired Flow =

Measured Gage Flow + River Withdrawals + Reservoir Withdrawals —
Discharge to Reservoirs — Return Flow + Reservoir Surface Evaporation —
Reservoir Surface Precipitation + Upstream change in Reservoir Storage +
Runoff from Previously Unsubmerged Area

Fundamental input to the model at headwater nodes and
tributary nodes

Comparative basis for model results



Four Steps in UIF Calculation Process

Timeline of Gage Data

Step 1: UIFs for USGS Gages

for individual periods of ‘
record SEE=---—-==

— Involves extension of
operational data

Step 2: Extension of UIFs
for USGS Gages through the
LONGEST period of record

Step 3: Correlation
between ungaged basins

and gaged basins ‘

Step 4: UIFs for ungaged
basins




How UIFs are Used in SWAM

Sa'ks.hat“h'e IR: Brubaker
iver Farm Little Salkehatchie

Model Objects

IR: Williams (Little

(Mainstem) IR: Danny ] River W Tibutary
‘ Hege Frm . IR: Gary Hege %/  Discharge
. (Little Denml Instream Flow (used with Hydropower)
Barnwell ‘ . Salkehatchm) gt Reservolr
—————— IR: Gary Hege ¢  Currentor Former USGS Stream Gage
> (Malnste m) ‘ (with last 5 to 6 digits of Gage ID)
2 - nell Water User Objects
Input as (Malns N )y @ Municipal
u pSt ream Sag'anr:(ah IR; Agriculture (Irrigation)
9 ree &) Thermoelectric
tributary flow IR: Williams - _
(W|||0W) ) Industrial
@ Golf Course
IR: Connelly S
Jackson (Miller) Miller Swamp ff@ 1 L
75445
Branch
Willow

Swamp

,.

\.

Coosawhatchie

2

River IR: JCO ' IR: Breland
Farm -
IR: Coosaw ‘ Farm
Farm
IR: Coosaw
IR: Sharp Land
Seed 4 Yemassee

IR: Chappell

Calibration/ Validation
of cumulative
upstream flow

Hampton

L Incremental UIF between two gages
\ (if preferred over linear gains)

Ashepoo River |
(Not Modefed) !




Salkehatchie River Basin

OVERVIEW OF MODEL FRAMEWORK




Salkehatchie Basin — Model Tributaries

Salkehatchie River
Little Salkehatchie River

Jackson Branch ‘

Whippy Swamp

Coosawhatchie River
Combahee River

A -3

v

Broad River

;Brickyard Creek
Beaufort River

20

Legend

USGS Streamflow Gages
Activity, Tidally-Influenced?
& Active, No
W
v
Model Tributaries

Mainstem

Inactive, No

Inactive, Yes

Major Branch
————-— Major, Not Modeled
—— Primary
Secondary

Higher Order




Agriculture Surface Water Withdrawals

DANNY HEGE FARM BARNWELL
BRUBAKER FARMS INC
GARY HEGE FARM

DIEM ADEN FARM

Salkehatchie River
CONNELLY FARMS
WILLIAMS
FARMS b,
COOSAW FARMS ,

PARTNERSHIP
COOSAW LAND LLC

ANILORAC FARM
Little Salkehatchie River
WILLIAMS FARM S PARTNER SHIP

BRELAND FARM

CHAPPELL FARMS
JCO FARMS

Coosawhatchie River
Combahee River

Broad River

;Brickyard Creek
Beaufort River

Miles

Legend

@® Registered Agriculture
Model Tributaries

Mainstem

Major Branch
--——= Major, Not Modeled
—— Primary
Secondary

Higher Order




Discharges to Surface Water

DENMARK, CITY OF

Salkehatchie River

o

BARNWELL, CITY OF WWTF (NEW)

NEVAMAR COMPANY LLG L AN
HAMPTON, TOWN OF ‘

Coosawhatchie River
Combahee River—177

Broad River

Little Salkehatchie River

YEMASSEE, TOWN OH

;Brickyard Creek
Beaufort River

Legend
Significant
Dischargers

Included, has GW
A Withdrawal
Registration

Model Tributaries

Mainstem

Major Branch
------- Major, Not Modeled
—— Primary
Secondary

Higher Order
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Salkehatchie Basin — SWAM Framework

Simplified Water Allocation Model (SWAM)

Input Summaries and Outputting

—
Reservoir
Accounts

Node
Locations

e——
Node
Priorities

Output

Specs

Input & Output Units
| [JAF, AFM, AFD  [EIMG,MGD,CFS [ m3, m3/d, m3/s

Simulation Period Simulation Type
Start Date End Date [=] Monthly Planning [ Prior Appropriations
(MM/DD/YYYY) (MM/DD/YYYY) [ Daily Planning [l Riparian Water Rights
I 01/01/1983 I 12/31/2013 ] Short Term Forecasting
[ Firm Yield Calculator
Salkehatchie IR: Brubaker
Rlver Farm Little Salkehatchie
(Mainstem) IR: Danny River
H F
eg arm . IR: Gary Hege
(Little Denmark
Barnwell Salkehatchie)
IR: Diem
IR: Gary Hege e
(Malnstem) . P . ;; Aden Farm
IR: Connelly .
(Mainstem)
- Sac\;ranl:(ah IR: Anilorac
reel
IR: Connely \ IR: Williams iy
(Jackson) (Willow) %
-
IR: Connelly By
Jackson 6\ (Miller) Willer Swamp f%f : ;
h 3 %
Branc % A IR: Williams (Little

Coosawhatchie
River

IR: Coosaw
Farrn

IR: Coosaw
Land

Q@

Hampton

v

IR: Breland
Farm

Salkehatchie)

@

SER

Ashepoo River |
(Not Modeled} !

’dhec

Healthy Pec




Salkehatchie River Basin

MODEL SETUP




Object
Palette

<

R

Tributary Input Form

Si

Simulation Pe|
Start Date
(MM/DD/YYYY)

01/01/1983

(

Tributary

Tributary Name:

| E

Salkehatchie
River
(Mainstem)

Barnwell

V.

IR: Connell

(Mainstem

IR: Connelly R‘
(Jackson)

Confluence Stream:

| =~

Spatial Flow Changes

Factor (unitless)

Delete
Tributary

Confluence
Location (mi)
0

Subbasin Flow Reach Length

(mi)

IR: g
Jackson % | 1
Branch

€

Coosawhatchie
River

.IR Chappe!

Farm

®

10

Input Summaries and Outputting

Node Reservoir Output
Locations  Accounts

AF, AFM, AFD  [&] MG, MGD, CFS

Input & Output Units

Headwater
FHows

Cormments:

Nevamar

Hampton 6

v

Specs

[Im3, m3id, m3a/s




Water User Input Form — Main

Water Uszer @

Main | water Usage ] Source Water ] Return Flows ]

Input Summaries and Outputtin,
Object P ries 1p g

Palete Water User iame: | [EEPWARIN e

Water User B

M
i Water LI { i
Main ater Usage lSource Water ] Return Flows ] — Input & Output Units —‘

Monthly User Distribution Annual Bazeline Usage Input Format FD [ MG, MGD,cFS [ m3, m3/d, m3ls

Supplemental St * Manual Toknl llon ~ ..
© MED Water User

. Main | Water Usage Source Water |Return Flows
" Agriculture ] g l ]

[ 22 |

R <

[ Cons

[ Rece
Source Water Type Downstream Priority Date
I Monthly Baseline U Sol St B N .
AgT onthly Baseline Usage | urce Stream | " Direct River Location (mi)
Month Mont| | I | ¢ peservair | 1/1/2008
Usaq
— Jan " Groundwater
Comments: Feb
Mar . . o A
A Ditch Capacity Permit Limit
pr
May [~ Seasonal Permit Save
Jun | | [ Storage Withdrawal Permit
Jul (AFM) (AFM)
Aug
Sep
Oct
HNov
Dec i
(AFM
Storage
(AF) (AFY) Water Year
5 St St ight Start Mo.
| Reservoir Name: | Ca;;?:?t‘:r orage Rig (1- 12‘;
| B | |1
I” carry Over Rule
~_ne- Pr v Identifying Notes:

MR



Agricultural Water User Input Forms

Agricultural Water User

Main lSource Water ] Return Flows ]

| User Name: | Delets |
| j AN Agricultural Water User

Input Summaries and Outputting

nil

Main WWater Usage | Source Water ] Return Flows ]

ut Units
Comiemental S Attt Blaney Criddle ET Irrigated Ditch Loss Irrigation Elevation Latitude .CFS  [Im3, m3d, mass
upplemental Supply/Deman Tnatves & Original Acres (%) Efficiency (%) (ft absl) (degr)
[~ Transbasin Import  Mmodified | 0 10 50 | 0 40
E
Groundwater Climate
Crops o
. Temp. Precip.
Edit (F) (in.)
Coeffs % of Total Start
[ Jan 0 0.5
ge Month
Feb 35 0.6
Comments: | ﬂ | a | 5 Mar 45 1.2
Apr 55 16
| =l | o | 5 May 75 2.3
Jun 30 1.6
| =l | o | 5 Jul 30 1.9
Aug 30 1.4
| =l a | 5 Sep 65 1.1
Oct 50 1.0
| =l a | 5 Nov 45 0.8
Dec 40 0.5

Calculated River Headgate Demand

v

Jan Feb Mar Apr May Jun Jul Aug Sep Oct HNov Dec Tot.
| ofJ ofof o]l ololJofJofofofol]ol]
(AFM)
Calculated Potential Consumptive Use of Irrigation Water
Calculate
Jan Feb Mar Apr May Jun Jul Aug Sep Oct HNov Dec Tot.
| ol ol of ol ofo]lofofo]ofo]ol]

A%




Salkehatchie River Basin

MODEL CALIBRATION/VALIDATION




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

— 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

— without being overly prescriptive



Calibration/Validation General Approach

1983 — 2013 hindcast period; monthly timestep

— Includes droughts in both early and late 2000’s
Comparison to gaged (measured) flow data only

— operations and impairments are implicit in that data
Assess performance at (subject to gage data availability):

— multiple mainstem locations

— all tributary confluence locations

— maijor reservoirs (where levels/storage are available)
Multiple model performance metrics, including:

— timeseries plots (monthly and daily variability)

— annual and monthly means (water balance and seasonality)

— percentile plots (extremes and frequency)



Potential Sources of Model Error and Uncertainty

* Gaged flow data (+ 20%)

* Gaged reservoir levels (+ ?%)

* Basin climate and hydrologic variability

* Reported withdrawal data

* Consumptive use percentages

* Return flow locations (outdoor use)

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

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



Calibration/Validation Locations

Basin
Project  USGS Area River
GageID Number Tributary Object Periods of Record (sq.mi.)  Mile
SLK02 02175500 Salkehatchie River ~ 2/1951 - 9/2014 342 29.3
SLK04 02176000 Combahee River 6/1951 - 6/1957 1087 56.9]
SLKO5 02176500 Coosawhatchie River 2/1951 -9/2014 196 19.7]
02176517 Coosawhatchie River 10/1995 - 9/1998 383 34.5

Legend

¢ USGS Flow Gage
—— Stream and Rivers
[ | Salkehatchie Basin




Calibration/Validation Locations

Basin
Project  USGS Area River
GageID Number Tributary Object Periods of Record (sq.mi.)  Mile
SLK02 02175500 Salkehatchie River ~ 2/1951 - 9/2014 342 29.3
SLK04 02176000 Combahee River 6/1951 - 6/1957 1087 56.9]
SLKO5 02176500 Coosawhatchie River 2/1951 -9/2014 196 19.7]
02176517 Coosawhatchie River 10/1995 - 9/1998 383 34.5

Legend

¢ USGS Flow Gage
—— Stream and Rivers
[ | Salkehatchie Basin




Monthly Flow Comparison

SLKO2 (02175500) SALKEHATCHIE RIVER NEAR MILEY (CFS)
1,400

—modeled ==——gaged
1,200
1,000

800

600

400

200 !

Jan-83 Jul-88 Dec-93 Jun-99 Dec-04 Jun-10



Annual Average Flow Comparison

SLKO2 (02175500) SALKEHATCHIE RIVER NEAR MILEY (CFS)

Annual Average Flow
600

e==gaged —modeled

500 "

400

300 ’

200

100

1983 1988 1993 1998 2003 2008 2013



Monthly Mean Flow Comparison

SLKO2 (02175500) SALKEHATCHIE RIVER NEAR MILEY

Monthly Mean Flow (CFS)
500
450

B saged ——modeled
400

350

300

250

200

150

100

50

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



Monthly Flow Percentiles Comparison

SLKO2 (02175500) SALKEHATCHIE RIVER NEAR MILEY
Monthly Flow Percentiles (CFS)

1400

1200
e==gcaged ——modeled

1000

800

600

400

200

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Percentile



Cumulative Flow Comparison

SLKO2 (02175500) SALKEHATCHIE RIVER NEAR MILEY (CFS)

Monthly Cumulative Flow (CFS)
120,000

----- modeled (cumulative) -----gaged (cumulative)

100,000 e
80,000 y
60,000

40,000 i

20,000 s

Jan-83 Jul-88 Dec-93 Jun-99 Dec-04 Jun-10



Daily Flow Comparison

SLKO2 (02175500) SALKEHATCHIE RIVER NEAR MILEY (CFS)
4,000

—modeled ==——gaged
3,500

3,000

2,500

2,000

1,500

1,000

500

Jan-83 Jul-88 Dec-93 Jun-99 Dec-04 Jun-10



Annual 7 Day Low Flows

SLKO2 (02175500) SALKEHATCHIE RIVER NEAR MILEY
Annual 7-day Low Flow (CFS)

70Q10 Comparison

200
e==gaged ——modeled SALKE
180 HATCHIE
RIVER NEAR
GAGE ID-> MILEY
160
MODEL ID-> SLK02
Modeled 9.6
140 Measured 15.3
% Diff 0.4
120
100
80
60
40
20
0
1983 1988 1993 1998 2003 2008 2013

Year



Calibration/Validation Locations

Basin
Project  USGS Area River
GageID Number Tributary Object Periods of Record (sq.mi.)  Mile
SLK02 02175500 Salkehatchie River ~ 2/1951 - 9/2014 342 29.3
SLK04 02176000 Combahee River 6/1951 - 6/1957 1087 56.9]
SLKO5 02176500 Coosawhatchie River 2/1951 -9/2014 196 19.7]
02176517 Coosawhatchie River 10/1995 - 9/1998 383 34.5

Legend

¢ USGS Flow Gage
—— Stream and Rivers
[ | Salkehatchie Basin




Monthly Flow Comparison

SLKO4 (02176000) COMBAHEE RIVER NEAR YEMASSEE (CFS)
3,000

—modeled e===gaged
2,500
2,000

1,500 N

1,000

o | \ ) /) | N
;‘f vt M \f NV \/’

Feb-51 Jun-52 Oct-53 Mar-55 Jul-56 Dec-57




SWAM Calibration/Validation Summary

* For most sites, modeled mean flow values, averaged over the full
period of record, are within 1% of measured mean flows

Modeled Measured % Years to
Station (cfs) (cfs) Difference Compare
SALKEHATCHIE RIVER .
SLK02 |NEAR MILEY 278 287 -3.2% 31 } 5% or less diff.
COOSAWHATCHIE RIVER
SLKO5 [NEAR HAMPTON 138 139 -0.5% 12 1% or less
SAVANNAH CREEK AT difference
SLKO1 |EHRHARDT 4 4 -0.1% 21
COOSAWHATCHIE RIVER
SLKO6 |NR EARLY BRANCH 409 399 2.4% 31 .
COMBAHEE RIVER NEAR } 5% or less diff.
SLK0O4 |YEMASSEE 493 471 4.5% 4




Salkehatchie River Basin

BASELINE MODEL AND USES




Calibration vs. Baseline Model

e (Calibration Model

e Purpose: Confirm models ability to accurately simulate river
basin flows and storage amounts

e Uses recent withdrawal, discharge and flow records

* Baseline Model
 Purpose: Evaluate water availability under future conditions

e Uses entire record of flow and most current withdrawals
and discharges



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

* Consolidate hydrologic data

e Evaluate the impacts of future withdrawals on instream flow
needs

e Evaluate interbasin transfers
e Support development of Drought Management Plans

e Compare managed flows to natural flows



Demonstrations and Q&A

e Station 1 (John)
Evaluate an increase in Ag User demands
e Station 2 (Nina)

Evaluate a proposed new municipal water supply withdrawal



Salkehatchie River Basin

THANK YOU




