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A Duke Energy Company

SOUTH CAROLINA
Catawba-Wateree Project

11 Interconnected Reservoirs

2 states, 14 counties, 30
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Agencies and Interests
in the FERC Relicensing Process
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Low Inflow Protocol

Procedures for water use reductions during drought
 All Parties share responsibility to conserve water
 Triggers for drought stages (DO — D4)

e Reductions in hydropower generation
commensurate with stage
 Embrace state and local drought response laws
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Stage Storage Index '
04 90% < SI < TSI
1 75% < SI = 90%TSI
2 57% < SI1 = 75%TSI
3 42% < S| < 57%TSI
4 SI £42%TSI

1 Ratio of Remaining Useable Storage to Total Usable Storage

Catawba-Wateree Project

oz>»

Drought Monitor 2
(3-month average)
0 <DM
1 <DM

2 3-month numeric average of U.S. Drought Monitor

3 Sum of rolling 6-month average streamflow as percentage of
period of record rolling average for same 6-month period

4 Stage 0 is triggered when any 2 of 3 trigger points are reached

Summary of LIP Trigger Points

Monitored USGS 3
Streamflow Gages

AVG = 85%
AVG = 78%
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AVG = 65%

AVG = 55%

AVG = 40%




U.S. Drought Monitor  “ahl. 20

[ DO Abnormally Dry r~ Delineates dominant impacts )
[] D1 Drought - Moderate A = Agricultural {crops, pastures,
[0 D2 Drought - Severe grasslands) D

M O3 Drought - Extreme H = Hydrological (water)
I 04 Crought - Exceptional

The Drought Monitor focuses on broad-scale conditions.

Local conditions may vary. See accompanying text Y
for forecast statements. Released Thursday, March 9, 2006
http://drought.unl.edu/dm Author: Brian Fuchs, National Drought Mitigation Center
Objective Shori-Term Drought Indicator Blend Percentiles Objective Long-Term Drought Indicator Blend Percentiles
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Regional Drought Mapping Tool

Targets local-scale.
Computes suite of monthly drought indices, 1950-2004.
Based on empirical probability distributions of each index.

Allows creation of drought blends that address specific sensitivities.
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DyMAaMIC DROUGHT INDEX FOR BASINS
IN NORTH AND SOUTH CAROLINA

PDSI, PHDI, z-index e e i ) o
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SPI1 (1,2,6,9,12,24-month)

Precipitation (1,3,6,12,24,60-month)
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7-day Streamflow
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Structure

Drought Indices

Streamflow
Precipitation

Numerical i
Interpolation and
models Spatial A )
(Python) | patial Averaging

Raw Data and

Client
(JavaScript)

A

Map Display User Input

\ 4

Server
(PHP)

Percentiles

Database
(MySQL)

PHP — PHP: Hypertext Preprocessor
SVG - Scalable Vector Graphics

)\ 4

SVG embedded

Graphical User Interface




Scalable Vector Graphics (SVG)

 SVG defines vector-based graphics in
XML (eXtensible Markup Language)
format for the Web

<?¥ml version="1.0" standalone="nof™?>

<IDOCTYPE swy PUBLIC "-//W3C//DTD VG 1.1//EN"

"http: /S www. w3, org/ Graphics/ 3VGE 1.1/ DT avgll . ded™ >

<8vyg width="100%" height="100%" wersion="1.1"
¥mlns="http://www,. wd.org/ 2000/ 3vg™>

<defs>

<linearGradient id="orange red" x1="0%" yl="05"T JZ="100%" y2="0%5">
<atop offset="0%" style="stop-color:irgh(255,255,0) ;3top-opacity: 1™/ >
<gtop offset="100%" style="stop-color:rgh(255,0,0) ;3top-opacity: 17/ >
</ linearGradient>

</defs>

<gllipzse cx="z200" cy=m"1907" rx="55" ry="55"
style="fill:urli#orange red)"/>

</ avog

Source: SVG Tutorial (http://www.w3schools.com/svg)




User Input

o Display type
e Input
— PDSI, PHDI, Z Index

— SPI In several time
scales

— Precipitation and
streamflow In several
time scales

e Raw data vs.
percentile blend
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Tables and Graphs

) Dynamic Drought Index for, Basins in NC and SC - Microsoft Internet Explorer,

File Edit \ew Favorites Tools Help .#
IN NORTH AND SOUTH CAROLINA ]
| HOME | START | DROUGHT INDEX | HELF | ConTACT Us |
* Notice = Adobe SVG Viewer plugin is needed to see maps and graphs. h‘S\'G
Blend Percentile Time Series Show Inputs Aggregated Features Create Map .:“::maln Table ded to see maps and graphs. h" )
January 1995 ~ December 2004 3 ke SVO
Status: Graph ready
Month: 200207 =
T Index: 3.61 Blended Index
o T L BE.06
B5.86
% 4861
a0 30.38
34.81
70 B7.08
59,19
60 GA67
G1.3
= 78.49
0 81.98
G3.06
30 7287
B2.93
20 61.06
G1.86
10 49,74
0 44.79
37.85
5369
£ I I | 5352
19596 11 Movermber 59,59
I 199K 17 [eremhear SIREES L]




Map User Input

e Classification method

Equal interval
Quantile
Natural break

U.S. Drought Monitor-
comparable category

« For any percentile
blend

e For PDSI
 For SPI

* For weekly streamflow
percentile
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o 1

Il 0«1 Exceptional Drought
Il (03 Extreme Drought
[ 02) Severe Drought
{011 Moderate Drought
0o Abnormally Dry




ap Navigation Tools

F u I I VI eW A Dynamic Drought Index for Basins in/NC and SC - Microsoft Internet Explorer, ]
: File Edit  \iew Favorites  Tools  Help z"‘
N t t Blend Percentile Map for May 2004 Show Inputs It Create Graph | Greate ~
eW l I lap eX e n Motice: Selected festures show aggregated values
Status: Click to select or deselect featurels) @ @
Pan |
N I
. c472,352m Y 3,933,343m
Zoom In & out o
USGS Stream Gages
ZOO m S I i d e ) L NWS Weather Stations
4 B States
B '§ B Drought Management Areas
(JavaScript source code by _ g & & O Climate Divisions
.pe LI Counties
Andreas Neumann; modified i A & © O 2-Digit HUC Areas
; e B © O 4DigitHUC Areas
by Jinyoung Rhee) & = O 6DigitHUC Areas
- “T: Catawba-VWateree Basin
B + O B-Digit HUC Areas
Hydralo
g Shaded Relief =
g - Legend [8-Digit HUC Areas ]EI
= T |
532 380m = Il 016 o 11.88
[ 1188102114
Info Blend index value [ 2114 w4078
Region i<} South Atlantic-Gulf Region I 40.78 to &4.22
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Catabogping unit 03050102 South Fork Catawba. North Carolina.
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Map Layers

[ VISI bl I Ity ic Drought Index for Basins in NC and SC - Microsoft Internet Explorer,
: File Edit  \iew Favorites  Tools  Help
Blend Percentile Map for May 2004 Show Inputs reate Graph | Greate Table
b C h O ro p I et h I I l ap Motice: Selected festures show agaregated values
Status: Click to select or deselect featurels)
B ® Do
[ J

Boundary
Stations used

0

X:363,136m  Y:3,963,816m
= M B 5 Layer

USGS Stream Gages

] NWS Weather Stations
§ 9 Stales
o ] Drought Management Areas
g -] Climate Divisions
LI Counties
B 2-Digit HUC Areas
- 4-Digit HUC Areas
[E1 Selected layer : -Digit HUC Areas & s
I Selected number of featurss : 1 LY, B =
o AWigit HUC Areas
Feature (HUCS) Feature Marme Station Used Station Mame L
6010105 Upper French Broad 310300 Asheville Wso Ap Legend [8-Digit HUC Areas ¥
310301 Asheville - - A
425 904, Il 016 o 11.88
310724 |Bent Creek " " veswziie
310843 | Black Mountain 2 W _ [ 21144078
-3 Tennesses Region I 40.78 to &4.22
311055 Birevard 0601 Upper Tennesses Il G122 w9818
060101 French Broad-Holston Il o Datz
31 1564 Catalouchee 06010105 Upper French Broad. Morth Caroling, Tennesses.
311624 CeloZ2 5
312200 Cullowhee 2
313106 |Fletcher3 W v N
&] Done # Internet




Layer Aggregation

~»=" Click create
ZEE map again

III I FEEELLL L

« Selected features of the same layer have been aggregated

« Aggregation is based on the number of 4 km x 4 km grids with
data used for spatial averaging of each feature




Comparison: spatial variability
May 1999

8-digit HUC

I 000 to 200 (D4) J0.00 to 2000
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Il o Dats

Il 0«1 Exceptional Drought
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00 Abnormally Dry
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Comparison: spatial variability
July 2002

8-digit HUC
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Short term, December 1965

Short term, July 2002

7%

Input List

35% Z-Index
33% 1-month Precipitation
25% 3F=month Precipitation

(i Il 0+ Exceptional Drought

Il 03 Extreme Drought
[ 102) Severe Drought
. {01) Moderate Drought

LOﬂg term, JuIy 2002 - (00) Abnormally Dry

25%
15%
20%
20%
20%

Input List

PHDI

g-month Precipitation
12-month Precipitation
24-month Precipitation
g0-month Precipitation




Attachment G - Low Inflow Protocol (LIP) for
the Catawba-Wateree Project

“In order to ensure continuous improvement
regarding the LIP and its implementation
throughout the term of the New License, the
LIP will be re-evaluated and modified
periodically. These reevaluations and
modifications will be as determined by the
Catawba-Wateree Drought Management
Advisory Group (CW-DMAG).”




Thanks to: Lauren Gregory,
Kirsten Lackstrom, and
Ohnika Singh







2} Dynamic Drought Index for Basins in NC and SC - Microsoft Internet Explorer

File Edit ‘iew Favorites Tools  Help ‘I‘.
A

Blend Percentile Mﬂp for May 2004 Show Inputs Station List Create Graph Create Table

Matice: Selected features showy agoregated values
Status: Map ready
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Visibility
Choropleth map
Boundary
Stations used

Map Layers

Explorer,

File Edit Wiew Fawvarites Tools Help

[

Blend Percentile Map for May 2004

Motice: Selected festures show aggregated values
Status: Click to select or deselect featurels)

Show Inputs Station List Create Graph Create Table

Y: 3,894,164m
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USGS Stream Gages

] NWS Weather Stations
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Comparison: time scale variability
anuary 1995 ~ December 2004

"~ 3-month SPI

5 Timn B e

~— 1-month SPI

— 6-month SPI === 12-month SPI




