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Unimpairment

- —
- ——
-

- Unimpaired (or “naturalized”) inflows necessar)
alternative operating policies and demand levels

- Impairments include water withdrawals/discharge
regulation (including net evaporation)

- -Goal. Forceinflows to matelh-menthly unimpairegegage
measurement erroris embedded In impairments and NOt gag e

- USGS gage data is treated as ground truth
e
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Gages Used — Nolichucky and Pigeohs
[UsGS Number | Description | Period of Record | Drainage Area (m")

Nolichucky

03464000
03463300
03463500
03464500
03462000
03459000
03459500

03460000

03460795
03457000

03456991

03457500

03461500

03456100
03456000
03456500

Cane River Near Sioux, NC
South Toe River Near Celo, NC
South Toe River at Newdale, NC
Nolichucky River at Poplar, NC
North Toe River at Altapass, NC
Jonathan Creek near Cove Creek, NC

Pigeon River near Hepco, NC
Cataloochee Creek near Cataloochee, NC

Pigeon R Bl Power Plant nr Waterville, NC

Pigeon River at Canton, NC
Pigeon River near Canton, NC
Allen Creek near Hazelwood, NC
Pigeon River at Newport, TN

West Fork Pigeon River at Bethel, NC

W Fk Pigeon R Bl Lake Logan nr Waynesville, NC

East Fork Pigeon River near Canton, NC

—

—

4/1934 - 10/1971
8/1957 — Present
4/1934 - 9/1952
1/1930 -9/1955

10/1938 — 12/1957

4/1930 - 10/1972
1/1930 - Present

4/1934 - 9/1952;
10/1962 - Present

2/1997 — Present
1/1930-11/1984

1/1930 -9/1931;
10/1932 - Present

8/1949 - 10/1972

6/1945 — 2/1982;
3/1996 — Present

1/1981 - Present
3/1954 —12/1980
3/1954 - Present

157.0
43.3
60.8

608.0

104.0
65.3

350.0

49.2

538.0
133.0

130.0

14.4

666.0

58.4
55.3
51.5

LOGICS



03447500 Cane Creek at Fletcher, NC 10/1942 -9/1958
03447687 French Broad River near Fletcher, NC 7/2001 - Present
03448500 Hominy Creek at Candler, NC 10/1942 - 10/1977
03453000 Ivy River near Marshall, NC 4/1934 - 10/1973; 7/1994 — Present
03453500 French Broad River at Marshall, NC 10/1942 - Present
03454000 Big Laurel Creek near Stackhouse, NC 4/1934-10/1971
03455000 French Broad River near Newport, TN 1/1930 - Present
03439500 French Broad at Calvert, NC 1/1930-9/1955
03439000 French Broad River at Rosman, NC 10/1935 - Present
03440000 Catheys Creek near Brevard, NC 10/1944 - 9/2004
03441000 Davidson River near Brevard, NC 1/1930 - Present
03441500 Little River near Penrose, NC 10/1942 - 9/1955
03443000 French Broad River at Blantyre, NC 1/1930 - Present
03454500 French Broad River at Hot Springs, NC 4/1934-9/1949; 8/2011 - Present
03451500 French Broad River at Asheville, NC 1/1930 - Present
03451000 Swannanoa River at Biltmore, NC 6/1934 - Present
03448000 French Broad River at Bent Creek, NC 6/1934-12/1986
03446000 Mills River near Mills River, NC 4/1934 - Present
03447000 Mud Creek at Naples, NC 10/1938 - 9/1955

03446500 Clear Creek near Hendersonville, NC 7/1945 - 9/1955

03452000 Sandymush Creek near Alexander, NC 10/1942 - 9/1955

0344894205 North Fork Swannanoa River near Walkertown, NC 10/2004 - Present
03450000 Beetree Creek near Swannanoa, NC 10/2004 - Present

03449000 N Fork Swannanoa R nr Black Mountain, NC 2/1926 - 4/1958




e CANE RIVER NEAR
SIOUX, NC

SOUTH TOE RIVER
NEAR CELO, NC

SOUTH TOE RIVER AT
NEWDALE, NC

NOLICHUCKY RIVER AT
POPLAR, NC

== NORTH TOE RIVER AT
ALTAPASS, NC

1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2010 2015

Reference gages outside of basin used for inflow development are not shown




e JON ATHAN CREEK NEAR COVE
CREEK, NC

PIGEON RIVER NEAR HEPCO, NC

CATALOOCHEE CREEK NEAR
CATALOOCHEE, NC

PIGEON R BL POWER PLANT NR
WATERVILLE, NC

s PIGEON RIVER AT CANTON, NC

s PIGEON RIVER NEAR CANTON,
NC

e AL LEN CREEK NEAR
HAZELWOOD, NC

e PIGEON RIVER AT NEWPORT, TN

e \WEST FORK PIGEON RIVER AT
BETHEL, NC

e \W FK PIGEON R BL LAKE LOGAN
NR WAYNESVILLE, NC

e EAST FORK PIGEON RIVER NEAR
CANTON, NC

1930

1935

1940

1945

1950

1955

1960

1965

1970

Reference gages outside of basin used for inflow development are not shown

1975

1980

1985

1990

1995

2000

2010

2015




s CANE CREEK AT FLETCHER, NC
FREMCH BROAD RIVER MEAR FLETCHER, NC
HOMINY CREEK AT CANDLER, NC
W RIVER MEAR MARSHALL, NC

s FREMCH BROAD RIVER AT MARSHALL, NC

s B3 LALUREL CREEK NEAR STACKHOUSE, NC
e FREMCH BROALD RIVER NEAR NEWPORT, TH

s FREMCH BROAD AT CALVERT, NC
m FREMCH BROAD RIVER AT ROSMAMN, NC
s CATHEYS CREEK MEAR BREVARD, NC

— DAVIDSON RIVER MEAR BREVARD, NC
e | [TTLE RIVER MEAR PENROSE, NC
e FREMCH BROALD RIVER AT BLANTYRE, MNC

FREMCH EROAD RIVER AT HOT SPRINGS, NC
FREMCH BEROAD RIVER AT ASHEVILLE, NC
WANNANDA RIVER AT BILTMORE, NC

FREMCH BROAD RIVER AT BENT CREEK, NC
MILLS RIVER MEAR MILLS RIVER, MC

s MIUD CREEK AT MAPLES, NC

e SWANNANOA R AT SWANNANDA, NC

e CLEAR CREER NEAR HENDERSOMVILLE, NC

SANDYMUSH CREEK NEAR ALEXAMDER, NC
e NORTH FORE SWANMANDA RIVER NEAR WALKERTOWN, NC

= BEETREE CREEK MEAR SWANMNAMNCW, NC
M FORK SWANNANOA R NR BLACK MOUNTAIN, NC

1930 1935 1940 1945 1950 1955 1960 1965 197D 1975 188D 1985 1920 1995 2000 2005 2010 2015

Reference gages outside of basin used for inflow development are not shown



Nolichucky Basin — Gage Map

.,‘”ng;b“g,en has .SAiAg"rji,ficant«i"rﬁpairment
Nolichucky at Poplar 2 T
(n/a, 986 cfs) Gage has moderate impairment

Valley

Gage has little or no impairment

(2007 a\_/_g flow, LT avg flow)

Plumtree

Legend

@® Reservoirs

@ USGS Gages

|t kersville ~
(2g) Bakersville ¢y, issa

Cane River near Sioux
(n/a, 247 cfs)

Three Mile

Beaver Creek
Dam

Ingalls

Doubie tsland
South Toe at Newdale

(n/a, 175 cfs)

—» Flow Direction

Penland
Cane River P Burnsville 9E) 9 i
(19€) O ~  Micaville 9 » Level of impairment determined by gage flowrelative
: 5 ) to upstream impairments.
Cane River North Toe af Altapass - If gage flow is: e

Dam (n/a, 188 cfs) Less than 10x u/s impairments - Little/None

(197) 10-25x u/s impairments - Moderate
/. Greater than 25x u/s impairments - Significant

Pensacola

South Toe near Celo 9 North Cove
(70cfs, 142 cfs) =,

‘e LOGICS



Plgeon Basin =—Gage _Map

9 Pigeon Below Power Plant Gage has'sigHificant impairment

(554 cfs, 1001 cfs) Gage has moderate impairment

Gagg,ngs little or no impairment

(2007La\(9 flow, LT avg flow)

Cataloochee near [
Cataloochee (59 cfs, 110 cfs) &9 Waterville Lake

{ip

Jonathan Creek
(n/a, 129 cfs)

Legend

Pigeon near Hepco

(387 cfs, 663 cfs) @® Reservoirs

@ USGS Gages
—» Flow Direction

Pigeon near
Canton (169 cfs,
319 cfs
L « Level of impairment determined by gage flow relativess""
to upstream impairments.
- If gage flow is: ——
7 Less than 10x u/s impairments - Little/None
1o - WE Pigeon (130-25x U/r? imgSairm/en_ts 9_ Moderag: s

[ at Bethel (86 : reater than 25x u/s impairments ignificant
/& (276} EF P
— cfs, 155cfs) 9 9 o)

Allen Creek @15 &3 cts, 140 gis)
(n/a, 35 cfs) 9

WF Pigeon near
Wéyneswlle €© waynesville (n/a, 164 cfs)

Reservoir

» Hill

‘e LOGICS



Upper French Broad Basin — Gage

French Broad af fiot Sprmgs (ha 2656 cfs) ™"~

ST Rio
Gage has S|gn|f|cant@oa|rment("‘ 9

(197)
a€

Gage has moderate |mpa|rment
Tom Town VWagu haldlola
Il Gage’rh.gﬁillttle or no impairment

Mars H

9 French Broad at Man&haiil(ﬁcﬁeen‘s 151 cfs)

Barnardsvie

{42007 avg flow, LT avg flow)

North Fork
Reservoir

o of‘:’ff‘l’lff"‘{;l
Broad at Asheville (1205 cfs, 2013 cfs) Q' Black
Bee Treeountain
(209) heville )

o meservolr -

&

Cela:taloochlg_‘e
renc s
.40

( -1:|

Lake Julian

Green Rive
Game 1;1'1'1* M

Balsam Grove

Wo f
French Broad at'Rosman ¥

(146 cfs, 165 cfsJ)
FRidge

Dupont
State Forest

\./O ule

Landrum

I\/Iap

Legend

Reservoirs
USGS Gages
Hydropower

Flow Direction

+ Level of impairment determined by gage flow relative
to upstream impairments.
+ If gage flow is:

Sprin Less than 10x u/s impairments - Little/None
French Broad at.Blantyre (635 cfs, 982 cfs)

10-25x u/s impairments - Moderate
Greater than 25x u/s impairments - Significant




Reservoir Summary

Year Drainage Area Usable Storage
Constructed (mi?) (MG) _ —

Beaver Creek
Junaluska
Waterville
Waynesville
Julian
Beetree
North Fork
Mars Hill
Marshall

Bradley Creek

Hendersonville

Year Constructed Source: “Dams_June _2008” GIS files
Drainage Area and Usable Storage Source: “Dams_June 2008” GIS files and “03 LWSP Data.xlIsx”

j— —
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- Other nodes (e.g., stream gaging sites, withdrawal/disc

. —— §,~—':_ -~
Inflow Development Methodology

Reservoirs _ =

——

—

— Use unimpaired stream gages immediately upstream

— Back-calculate from reservoir outflows and change in stora e, ad
upstream impairments, if data is available - '

- Use drainage-area adjustment of nearby unimpaired gage

sites on rivers, environmental flow points of interest, e
— Adjust inflows for upstream impairments

(('-R HYDROLOGICS



Inflow Development Methodology. (cOREd

S

1. Unimpair major basin gages (mainstem and trib -e‘__é-?_@;i NQ
back historic upstream impairments _ —

2. Compute flows and gains on a monthly baS|s —

B i

—

3. Extend flow and gains with incomplete records using menthly

annual correlations with other gages using USGS software

4. Scale filled-in flows and gains to ensure total inflow to downs
points matches actual unimpaired gage flows. —

5. Disaggregate monthly filled in flows to daily using local unimpaired...
gage to preserve natural variation ., _

- Impairment data is often only available on a monthly average, and can cause R
noise on a daily basis

N\ LOGICS
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A .—»-—-—’F:
Inflows for-Asheville’s Reservows .

- Inflows for Bee Tree and North Fork reservoirs h 1d pre

'_‘ L =

developed for an OASIS model and are used for this

—"

-« North Fork inflows S

—

— From 1926 to 1953, used flows from the gage immediately downs
existing reservoir site, adjusted for Asheville withdrawals upstre
“unimpaired” flows and further adjusted for the slightly smalle
the reservoir —

— From 1954 to 1997, used Fillin to estimate flows based on flows at ¢
— From 1998 to 2003, used “back-calculated” inflows from the City’s reservoir5

records adding change in storage, withdrawal, net evap to downstream flow

Evaporation from adjusted Bee Tree pan evaporation study, precipitation from North Fork and adjusted
Asheville and Black Mountain records

o

- Bee Tree inflows

-~ Bee Tree creek gage, adjusted for drainage area

— Used Fillin to extend record 1975-1979, 1981-1985
~ LOGICS



Date
11/23/2017
11/24/2017
11/25/2017
11/26/2017
11/27/2017
11/28/2017
11/29/2017
11/30/2017

12/1/2017

12/2/2017
12/3/2017
12/4/2017
12/5/2017
12/6/2017
12/7/2017
32125| 12/8/2017
32126/ 12/9/2017
32127|12/10/2017
32128/ 12{11/2017
32129| 12f12{2017
32130/ 12/13f2017
32131 12/14/2017
32132 | 12/15/2017
32133| 12/16/2017
32134 12/17/2017
32135| 12/18f2017
32136| 12f19/2017
32137| 12/20/2017

Sugar Camp
Fork WTP
Withdrawal
mgd
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102

C
node 1386

Irrigation
ufs FB at Marshall gage
Withdrawal
mgd
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

Silver Line
Plastics Co
Return
mgd
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13

French Broad
River WRF
Return
mgd
26.60
26.60
26.60
26.60
26.60
26.60
26.60
26.60
19.25
19.23
19.23
19,23
19.23
19.25
19.23
19.23
19.23
19,23
19.23
19.25
19.23
19.23
19,23
19.23
19.25
19.23
19.23
19,23

Sugar Camp
Fork WTP
Return
mgd
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

Morth Buncombe Quarry  Morth Buncombe Quarry

Pond #1
Return
mgd
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04

Pump #3
Return
mgd
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Impairments
ufs
Marshall
mgd
-25.70
-25.70
-25.70
-25.70
-25.70
-25.70
-25.70
-25.70
-1B.31
-18.31
-18.31
-1831
-18.31
-1B.31
-18.31
-18.31
-18.31
-1831
-18.31
-1B.31
-18.31
-18.31
-1831
-18.31
-1B.31
-18.31
-18.31
-1831

Total ufs
Impairments,
this reach
mgd
-4.72
-4.72
-4.72
-4.72
-4.72
-4.72
-4.72
-4.72
-2274
-22.74
-22.74
-22.74
-22.74
-2274
-22.74
-22.74
-22.74
-22.74
-22.74
-2274
-22.74
-22.74
-22.74
-22.74
-2274
-22.74
-22.74
-22.74

#03453500
French Broad River
at Marshall, NC
Discharge
cfs
1650.00
1600.00
1580.00
1540.00
1500.00
1460.00
1440.00
1430.00
1430.00
1420.00
1390.00
1360.00
1380.00
1730.00
1580.00
1470.00
1620.00
1650.00
1500.00
1510.00
1570.00
1510.00
1470.00
1430.00
1580.00
1390.00
1410.00
25590 00

Unimpaired
French Broad River
at Marshall, NC
Discharge
cfs
164270
159270
1572.70
1532.70
149270
145270
143270
142270
1384 B2
1384 82
1354 82
1324 32
1344 82
1694 B2
1544 B2
1434 B2
1584 82
161432
1464 .82
1474 B2
1534 82
1474 82
1434 32
139482
1344 B2
1354 82
1374.82
2554 .82




=
o

MONTHLY AVERAGE (MGD)
w 4=-
= [

Apr May Jun Jul Aug Sep Average

B Withdrawal ® Return M lIrrig. Demand




Avg. Gage Flow (mgd)
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Cane River near Sioux South Toe North Toe Nolichucky at Poplar

B Net M&I WD Ag WD Res. Change in Storage —@=—Gage Flow




MONTHLY AVERAGE (MGD}
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Aug Sep Average
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Pigeon at Canton Jonathan Creek Pigeon near Hepco Pigeon River near
Waterville

B Net M &I WD Az WD Res. Change in Storage  =—@=—Gage Flow
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Average WD = 180.9 mgd, Average Ret = 164.8 mgd
Average non-steam plant WD = 38.5 mgd, Average non-steam plant Ret = 23.0 mgd
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0.00
French Broad at French Broad at  French Broad French Broad at French Broad at French Broad at
Rosman Blantyre near Fletcher Asheville Marshall Hot Springs

B Net M&I WD Az WD Res. Change in Storage =—#=—Gage Flow

Average WD = 7.7 mgd, Average Ret =
Average non-steam plant WD = 5.8 mgd
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1/1/2007 2/1/2007  3/1/2007 4/1/2007  5/1/2007 6/1/2007  7/1/2007 8/1/2007
——Naturalized Inflow

=—=Gage Flow Unimpaired Flow

9/1/2007 10/1/2007 11/1/2007 12/1/2007

Unimpaired Gage = daily gage flow adjusted for impairments upstream
Naturalized Inflow = monthly cumulative inflow disaggregated to daily to preserve natural variation
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07
——Gage Flow ===Unimpaired Flow Naturalized Inflow

Unimpaired Gage = daily gage flow adjusted for impairments upstream
Naturalized Inflow = monthly cumulative inflow disaggregated to daily to preserve natural variation
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==Gage Flow Unimpaired Flow ——Naturalized Inflow

Unimpaired Gage = daily gage flow adjusted for impairments upstream
Naturalized Inflow = monthly cumulative inflow disaggregated to daily to preserve natural variation
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07
——Gage Flow ===Unimpaired Flow Naturalized Inflow

Unimpaired Gage = daily gage flow adjusted for impairments upstream
Naturalized Inflow = monthly cumulative inflow disaggregated to daily to preserve natural variation
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==Gage Flow Unimpaired Flow ——Naturalized Inflow

Unimpaired Gage = daily gage flow adjusted for impairments upstream
Naturalized Inflow = monthly cumulative inflow disaggregated to daily to preserve natural variation
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===Gage Flow ===Unimpaired Flow Naturalized Inflow

Unimpaired Gage = daily gage flow adjusted for impairments upstream
Naturalized Inflow = monthly cumulative inflow disaggregated to daily to preserve natural variation
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January February March April
Burnsville WTP
— Red Hill Quartz Processing Plant (Red Hill Facility)
Crystal Operation {Crystal Facility)
Canton - Penland Street WTP
—— Maggie Valley WTP - Campbell Creek
Weaverville - Lawrence T. Sprinkle Jr. WTF
= fisheville Steam Electric Power Plant - Lake Julian
= Shadow Creek Trout Farm
w— fsheville - Mills River Regional WTP
== Hendersonville WTP - Bradley Creek
Bobby M. Setzer State Fish Hatchery - Davidson River

— Morth Buncombe Quarry - Pump 3

May June July August

The Quartz Corp USA (K-T Feldspar) - Pine Mountain
Schoolhouse Quartz Facility
S pruce Pine WTP - Beaver Creek
— Waynesville WTP
——Maggie Valley WTP - Jonathan Creek
Woodfin Sanitary WSD - Sugar Camp Fork WTP
= Canfrell Creek Trout Farm
== [avidson River Village
m— iz heville - William DeBruhl WTP
Hendersonville WTP - NF Mills River
Bobby N. Setzer State Fish Hatchery - Grogan Creek

September Cctober Movember December

Quartz Operation (Quartz/Feldspar Facility)
The Feldspar Corporation
—Spruce Pine WTP - North Toe
Blue Ridge Paper Products Inc- Canton Mill
= Brevard - Catheys Creek WTP
Asheville Steam Electric Power Plant - French Broad
= Glady Fork Trout Hatchery
= fsheville - Morth Fork WTFP
= Hendersonville WTP - Mills River
P ars Hill WTP
= North Buncombe Quarry - Pond #1
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0.0
January February March April May July August September October Movember December

= Bobby M. Setzer State Fish Hatchery - Hatchery Building Discharge ——Bobby M. Setzer State Fish Hatchery - Outside Raceway Discharge
Agfa Corporation Asheville Steam Electric Power Plant
Brevard - Brevard WWTP Brevard - Catheys Creek WTP
— Asheville - William DeBruhl WTP Hendersonville WTP
Hendersonville WWTP ——Mars Hill- Mars Hill WWTP
Mars Hill - MarshallWWTP Asheville - Morth Fork WTP
= Shadow Creek Trout Farm = Glady Fork Trout Hatchery
Cantrell Creek Trout Farm = \Woodfin Sanitary WSD - Sugar Camp Fork WTP
=——Blue Ridge Paper Products Inc - Canton Mill ——MNaggie Valley WWTP
Waynesville WTP (Allen Creek) Waynesville WWTP [Pigeon River)
= Burnsville WTP = Burnsville WWTP
—Crystal Operation (Crystal Facility) m—=The Quartz Corp USA (K-T Feldspar] - Pine Mountain 0.9
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February March April May

= Clement Pappas Plant

= 50 of Buncombe County - French Broad River WRF
Town of Rosman - Rosman WWTF
Bakersville WWTP

July

August September October Movember

=—=Transylvania Utilities Inc - Connestee Falls WWTP #1
GE Lighting Solutions, LLC
Silver Line Plastics Corporation
Mewland WWTP

December




Basin Data Needs

- Nolichucky

—Beaver Creek Reservolir SAE and
Data

- Pigeon

~SAE and Historic Reservoir Data:
« Waterville Lake

—Already have daily minimum levels 2003-2018

» (Lake Waterville Daily Minimum Levels 2003-2018.xIsx) -
* Lake Junaluska

fR HYDROLOGICS



Basin Data Needs (cont'd)

- Upper French Broad

\h

~SAE and Historic Reservoir Data el

Lake
Brad
Hend

Julian —
ey Creek Reservoir
ersonville Reservoir

\EETES

nall (Redmon Dam)
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Next-Step = Model Simulation. |

- Basecase and alternative scenarios to be developec

- For each scenario, test a given set of faci ities, operz
and demands over the historic inflow record |

- Basecase
- Use recent demand levels and patterns
— Incorporate drought plans on file with DWR

- Alternatives
— Adjust facilities, operating policies, and demands

- Documentation
- Training

—
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