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Withdrawals and Returns
Data Collection Overview



 Data focus:
o Agriculture
o Industrial
o Municipal
o 1930-2017

 Data Sources:
o NC Division of Water Resources (NCDWR)
o National Climactic Data Center (NCDC)
o National Agricultural Statistics Service (NASS)
o United States Department of Agriculture (USDA)
o North Carolina Department of Agriculture (NCDA)
o North Carolina Cooperative Extension Service 

(NCCES)
o United States Geological Survey (USGS)
o Municipal and Local Governments
o Stakeholder input from April, 2018 kickoff

• THANK YOU!

Introduction



 Collect Water Withdrawal and Discharge 
Data
o Identify applicable water users
o Collect withdrawal & return data for users
o Enter data into MS Excel database
o Collect geographic information on withdrawal 

and return points
o Reservoir operations (HydroLogics)
o Data timeline = 1930 to 2017

 Process Data
o “Hindcasting” forecasts of historic water use for 

withdrawals and returns where historic 
information is not available.
• Water / Wastewater Utilities
• Industrial
• Power Generation
• Agriculture / Irrigation

Data Collection & 
Processing



 Deliverables
o Withdrawal and discharge database 
o Summary report of water withdrawal & 

return data and hindcasting methodology
 Use of Data:
o Develop inflow dataset

» Historical record of unimpaired (natural) river flow

o Establish model nodes
o Determine drainage areas to each node
o Document monthly water demand for individual 

users
o Determine agricultural water use needs across 

the basin

Data Documentation



Collection, Processing, & Results
Agricultural Data



 Quantify water use for:
o Crop irrigation
o Turf irrigation
o Livestock watering

 Ag. Data Sources
o National Agricultural Statistics Services (NASS)

• Crops and Livestock Agricultural Survey (Ag 
Survey)
» Annual data

• USDA Census of Agriculture (Census)
» Data every 5 years

o NC Department of Agriculture (NCDA) 
Statistics

o Agriculture Extension Agent Consultation
o Dr. Ronald Sneed (retired professor NCSU)
o US Geological Survey (USGS)

Agriculture – Data 
Collection



Agricultural Water Use Assumptions
 Crops evaluated
o Tobacco
o Turf
o Golf courses
o Nurseries (field and container/under cover)
o Secondary crops (soybeans, cotton, corn, 

peanuts, irrigated pasture and hay)
o Vegetables
o Blueberries and Strawberries (no identified 

acreage from databases)
o Orchards

 Livestock evaluated
o Cattle (dairy and beef)
o Chickens
o Turkeys
o Pigs
o Horses
o Other (alpacas, deer, duck, elk, goats, llamas, 

sheep, pheasants, etc.)



 Calculated to produce water use demand curve (daily values) from 1930-2017.
 Evapotranspiration curves
o Used for movable irrigation (tobacco, soybeans, peanuts, cotton, corn, and nurseries in the open)
o Irrigation level directly related to crop stress
o Insufficient rainfall = irrigation

• Rainfall data (1930-2017) from National Climactic Data Center (by county)

 Surface vs. Groundwater Use
o USGS irrigation withdrawal data used (1995, 2000, 2005, 2010)
o Surface vs. groundwater ratio to total irrigation developed

 Data Distribution
o Assumed even distribution across counties, EXCEPT:

• Cropped out Federal and State owned lands (national forests, state parks, etc.)
• Where consultation with Ag. Extensions indicated an exception

o Water use prorated to each OASIS node, based on drainage area

Agricultural Water Use Methodology







 Step 1: Identify Annual Irrigated Acreage and Livestock (by county and year)
Agricultural Water Use - Example

COUNTY: 1 2 3 4 5 6 7 8 9 10 11 12 13 14
STEP 1 : IDENTIF Y  ANNU AL IRRIG ATED ACREAG E AND LIVESTOCK COU NT

Y EAR
COU NTY  

TOTAL

COU NTY  
AREA 

W ITHIN  
PROJECT

IRRIG ATED 
TOBACCO TU RF G OLF

CONTAINER 
NU RSERY

F IELD 
NU RSERY

NU RSERY  -  
IN  THE 
OPEN

NU RSERY  -  
U NDER 

PROTECTION
IRRIG ATED 

COTTON
IRRIG ATED 
EARLY  SOY

IRRIG ATED 
LATE SOY

IRRIG ATED 
SOY

IRRIG ATED 
CORN

IRRIG ATED 
VEG ETIBLE

IRRIG ATED 
PASTU RE & 

HAY
( Moveable) ( F i xed) ( F i xed) ( F i xed) ( F i xed) ( Moveable) ( F i xed) ( Moveable) ( Moveable) ( Moveable) ( Moveable) ( Moveable) ( F i xed) ( F i xed)

( acres ) ( acres ) ( acres ) ( acres ) ( acres ) ( acres ) ( acres ) ( acres ) ( acres ) ( acres ) ( acres ) ( acres ) ( acres ) ( acres ) ( acres ) ( acres )
2000 200,345 200,276 15.20 ND 150.00 ND ND 140.80 0.13 ND ND ND ND ND 5.64 10.19
2001 200,345 200,276 14.60 ND 150.00 ND ND 160.40 0.14 ND ND ND ND ND 5.82 10.59
2002 200,345 200,276 14.00 ND 150.00 ND ND 180.00 0.14 ND ND ND ND ND 6.00 11.00
2003 200,345 200,276 14.00 ND 150.00 ND ND 178.60 0.42 ND ND ND ND ND 8.80 11.00
2004 200,345 200,276 14.00 ND 150.00 ND ND 177.20 0.70 ND ND ND ND ND 11.60 11.00
2005 200,345 200,276 14.00 ND 150.00 ND ND 175.80 0.98 ND ND ND ND ND 14.40 11.00
2006 200,345 200,276 14.00 ND 150.00 ND ND 174.40 1.26 ND ND ND ND ND 17.20 11.00
2007 200,345 200,276 14.00 ND 150.00 ND ND 173.00 1.54 ND ND ND ND ND 20.00 11.00
2008 200,345 200,276 14.00 ND 150.00 ND ND 191.80 1.45 ND ND ND ND ND 18.60 11.00
2009 200,345 200,276 14.00 ND 150.00 ND ND 210.60 1.37 ND ND ND ND ND 17.20 11.00
2010 200,345 200,276 14.00 ND 150.00 ND ND 229.40 1.28 ND ND ND ND ND 15.80 11.00
2011 200,345 200,276 14.00 ND 150.00 ND ND 248.20 1.20 ND ND ND ND ND 14.40 11.00
2012 200,345 200,276 14.00 ND 150.00 ND ND 267.00 1.11 ND ND ND ND ND 13.00 11.00
2013 200,345 200,276 14.00 ND 150.00 ND ND 267.00 1.11 ND ND ND ND ND 13.00 11.00
2014 200,345 200,276 14.00 ND 150.00 ND ND 267.00 1.11 ND ND ND ND ND 13.00 11.00
2015 200,345 200,276 14.00 ND 150.00 ND ND 267.00 1.11 ND ND ND ND ND 13.00 11.00
2016 200,345 200,276 14.00 ND 150.00 ND ND 267.00 1.11 ND ND ND ND ND 13.00 11.00
2017 200,345 200,276 14.00 ND 150.00 ND ND 267.00 1.11 ND ND ND ND ND 13.00 11.00

Yancey



 Step 2: Annual Pattern of Daily Water Demand Rates (by crop and livestock type; by month and day)
Agricultural Water Use - Example

COUNTY: Yancey
STEP 2: ANNU AL PATTERN OF  DAILY  W ATER U SE COEF F ICIENTS BY  CROP AND LIVESTOCK

TABLE 
ROW MONTH DAY

MONTH-
DAY

IRRIG ATED 
TOBACCO TU RF G OLF

CONTAINER 
NU RSERY

F IELD 
NU RSERY

NU RSERY  -  
IN  THE OPEN

NU RSERY  -  
U NDER 

PROTECTION
IRRIG ATED 

COTTON
IRRIG ATED 
EARLY  SOY

IRRIG ATED 
LATE SOY

IRRIG ATED 
SOY

IRRIG ATED 
CORN

IRRIG ATED 
VEG ETIBLE

IRRIG ATED 
PASTU RE & 

HAY
( Moveable) ( F i xed) ( F i xed) ( F i xed) ( F i xed) ( Moveable) ( F i xed) ( Moveable) ( Moveable) ( Moveable) ( Moveable) ( Moveable) ( F i xed) ( F i xed)

( in/day) ( in/day) ( in/day) ( in/day) ( in/day) ( in/day) ( in/day) ( in/day) ( in/day) ( in/day) ( in/day) ( in/day) ( in/day) ( in/day)
183 7 1 7-1 0.1669 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0706 0.0995 0.0010 0.0503 0.2330 0.1786 0.1429
184 7 2 7-2 0.1725 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0723 0.1030 0.0020 0.0525 0.2370 0.1786 0.1429
185 7 3 7-3 0.1800 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0740 0.1065 0.0030 0.0548 0.2410 0.1786 0.1429
186 7 4 7-4 0.1875 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0764 0.1100 0.0040 0.0570 0.2450 0.1786 0.1429
187 7 5 7-5 0.1950 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0788 0.1150 0.0050 0.0600 0.2470 0.1786 0.1429
188 7 6 7-6 0.2006 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0812 0.1200 0.0060 0.0630 0.2490 0.1786 0.1429
189 7 7 7-7 0.2063 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0836 0.1250 0.0070 0.0660 0.2510 0.1786 0.1429
190 7 8 7-8 0.2119 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0860 0.1300 0.0080 0.0690 0.2530 0.1786 0.1429
191 7 9 7-9 0.2175 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0884 0.1350 0.0090 0.0720 0.2550 0.1786 0.1429
192 7 10 7-10 0.2225 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0908 0.1400 0.0100 0.0750 0.2565 0.1786 0.1429
193 7 11 7-11 0.2275 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0932 0.1450 0.0120 0.0785 0.2580 0.1786 0.1429
194 7 12 7-12 0.2325 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0956 0.1500 0.0140 0.0820 0.2595 0.1786 0.1429
195 7 13 7-13 0.2340 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.0980 0.1550 0.0160 0.0855 0.2610 0.1786 0.1429
196 7 14 7-14 0.2355 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1009 0.1600 0.0180 0.0890 0.2625 0.1786 0.1429
197 7 15 7-15 0.2370 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1038 0.1643 0.0200 0.0921 0.2610 0.1786 0.1429
198 7 16 7-16 0.2385 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1067 0.1685 0.0220 0.0953 0.2595 0.1786 0.1429
199 7 17 7-17 0.2400 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1096 0.1728 0.0240 0.0984 0.2580 0.1786 0.1429
200 7 18 7-18 0.2417 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1125 0.1770 0.0260 0.1015 0.2565 0.1786 0.1429
201 7 19 7-19 0.2433 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1175 0.1813 0.0280 0.1046 0.2550 0.1786 0.1429
202 7 20 7-20 0.2450 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1225 0.1855 0.0300 0.1078 0.2533 0.1786 0.1429
203 7 21 7-21 0.2438 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1275 0.1898 0.0320 0.1109 0.2515 0.1786 0.1429
204 7 22 7-22 0.2425 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1325 0.1940 0.0340 0.1140 0.2498 0.1786 0.1429
205 7 23 7-23 0.2413 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1375 0.1983 0.0360 0.1171 0.2480 0.1786 0.1429
206 7 24 7-24 0.2400 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1450 0.2025 0.0380 0.1203 0.2463 0.1786 0.1429
207 7 25 7-25 0.2350 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1525 0.2060 0.0400 0.1230 0.2445 0.1786 0.1429
208 7 26 7-26 0.2300 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1600 0.2095 0.0420 0.1258 0.2428 0.1786 0.1429
209 7 27 7-27 0.2250 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1675 0.2130 0.0440 0.1285 0.2410 0.1786 0.1429
210 7 28 7-28 0.2194 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1750 0.2165 0.0460 0.1313 0.2393 0.1786 0.1429
211 7 29 7-29 0.2138 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1825 0.2200 0.0480 0.1340 0.2375 0.1786 0.1429
212 7 30 7-30 0.2081 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1900 0.2235 0.0500 0.1368 0.2340 0.1786 0.1429
213 7 31 7-31 0.2025 0.1786 0.0814 0.7500 0.1786 0.1786 0.7500 0.1975 0.2270 0.0525 0.1398 0.2305 0.1786 0.1429



 Step 3: Unadjusted Total Water Demand (unadjusted for precipitation and groundwater use)
Agricultural Water Use - Example

COUNTY: Yancey
STEP 3: U NADJU STED TOTAL W ATER DEMAND ( U NADJU STED F OR PRECIPITATION and G ROU NDW ATER U SE)

Y EAR
STEP 1 
ROW

STEP 2 
ROW

IRRIG ATED 
TOBACCO TU RF G OLF

CONTAINER 
NU RSERY

F IELD 
NU RSERY

NU RSERY  -  IN  
THE OPEN

NU RSERY  -  
U NDER 

PROTECTION
IRRIG ATED 

COTTON
IRRIG ATED 
EARLY  SOY

IRRIG ATED 
LATE SOY

IRRIG ATED 
SOY

IRRIG ATED 
CORN

IRRIG ATED 
VEG ETIBLE

IRRIG ATED 
PASTU RE & 

HAY
( Moveable) ( F i xed) ( F i xed) ( F i xed) ( F i xed) ( Moveable) ( F i xed) ( Moveable) ( Moveable) ( Moveable) ( Moveable) ( Moveable) ( F i xed) ( F i xed)

( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D)
7/1/2000 71 183 0.0689 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/2/2000 71 184 0.0712 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/3/2000 71 185 0.0743 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/4/2000 71 186 0.0774 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/5/2000 71 187 0.0805 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/6/2000 71 188 0.0828 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/7/2000 71 189 0.0851 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/8/2000 71 190 0.0874 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/9/2000 71 191 0.0898 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395

7/10/2000 71 192 0.0918 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/11/2000 71 193 0.0939 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/12/2000 71 194 0.0960 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/13/2000 71 195 0.0966 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/14/2000 71 196 0.0972 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/15/2000 71 197 0.0978 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/16/2000 71 198 0.0984 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/17/2000 71 199 0.0991 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/18/2000 71 200 0.0997 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/19/2000 71 201 0.1004 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/20/2000 71 202 0.1011 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/21/2000 71 203 0.1006 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/22/2000 71 204 0.1001 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/23/2000 71 205 0.0996 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/24/2000 71 206 0.0991 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/25/2000 71 207 0.0970 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/26/2000 71 208 0.0949 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/27/2000 71 209 0.0929 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/28/2000 71 210 0.0905 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/29/2000 71 211 0.0882 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/30/2000 71 212 0.0859 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395
7/31/2000 71 213 0.0836 NA 0.3316 NA NA 0.6827 0.0027 NA NA NA NA NA 0.0274 0.0395



 Step 4: Weekly Precipitation Adjusted Water Demand Rates (variable irrigation (ET curves))
Agricultural Water Use - Example

COUNTY: Yancey
STEP 4: W EEKLY  PRECIPITATION ADJU STED W ATER U SE COEF F ICIENTS [ VARIABLE IRRIG ATION ( ET CU RVES) ]

Y EAR
STEP 2 
ROW

Day in 
W eek

W EEKLY  
PRECIPITATION

IRRIG ATED 
TOBACCO TU RF G OLF

CONTAINER 
NU RSERY

F IELD 
NU RSERY

NU RSERY  -  
IN  THE OPEN

NU RSERY  -  
U NDER 

PROTECTION
IRRIG ATED 

COTTON
IRRIG ATED 
EARLY  SOY

IRRIG ATED 
LATE SOY

IRRIG ATED 
SOY

IRRIG ATED 
CORN

IRRIG ATED 
VEG ETIBLE

IRRIG ATED 
PASTU RE & 

HAY
( Moveable) ( F i xed) ( F i xed) ( F i xed) ( F i xed) ( Moveable) ( F i xed) ( Moveable) ( Moveable) ( Moveable) ( Moveable) ( Moveable) ( F i xed) ( F i xed)

( INCHES) ( in/day) N/A N/A N/A N/A ( in/day) N/A ( in/day) ( in/day) ( in/day) ( in/day) ( in/day) N/A N/A
7/1/2000 183 7 * 0.0000 NA NA NA NA 0.0143 NA 0.0000 0.0000 0.0000 0.0000 0.0030 NA NA
7/2/2000 184 1 3.1350 0.0000 NA NA NA NA 0.0000 NA 0.0000 0.0000 0.0000 0.0000 0.0000 NA NA
7/3/2000 185 2 * 0.0000 NA NA NA NA 0.0000 NA 0.0000 0.0000 0.0000 0.0000 0.0000 NA NA
7/4/2000 186 3 * 0.0000 NA NA NA NA 0.0000 NA 0.0000 0.0000 0.0000 0.0000 0.0000 NA NA
7/5/2000 187 4 * 0.0000 NA NA NA NA 0.0000 NA 0.0000 0.0000 0.0000 0.0000 0.0000 NA NA
7/6/2000 188 5 * 0.0000 NA NA NA NA 0.0000 NA 0.0000 0.0000 0.0000 0.0000 0.0000 NA NA
7/7/2000 189 6 * 0.0000 NA NA NA NA 0.0000 NA 0.0000 0.0000 0.0000 0.0000 0.0000 NA NA
7/8/2000 190 7 * 0.0000 NA NA NA NA 0.0000 NA 0.0000 0.0000 0.0000 0.0000 0.0000 NA NA
7/9/2000 191 1 0.2900 0.1584 NA NA NA NA 0.1371 NA 0.0398 0.0788 0.0000 0.0217 0.2073 NA NA

7/10/2000 192 2 * 0.1584 NA NA NA NA 0.1371 NA 0.0398 0.0788 0.0000 0.0217 0.2073 NA NA
7/11/2000 193 3 * 0.1584 NA NA NA NA 0.1371 NA 0.0398 0.0788 0.0000 0.0217 0.2073 NA NA
7/12/2000 194 4 * 0.1584 NA NA NA NA 0.1371 NA 0.0398 0.0788 0.0000 0.0217 0.2073 NA NA
7/13/2000 195 5 * 0.1584 NA NA NA NA 0.1371 NA 0.0398 0.0788 0.0000 0.0217 0.2073 NA NA
7/14/2000 196 6 * 0.1584 NA NA NA NA 0.1371 NA 0.0398 0.0788 0.0000 0.0217 0.2073 NA NA
7/15/2000 197 7 * 0.1584 NA NA NA NA 0.1371 NA 0.0398 0.0788 0.0000 0.0217 0.2073 NA NA
7/16/2000 198 1 1.1650 0.0661 NA NA NA NA 0.0121 NA 0.0000 0.0000 0.0000 0.0000 0.0933 NA NA
7/17/2000 199 2 * 0.0661 NA NA NA NA 0.0121 NA 0.0000 0.0000 0.0000 0.0000 0.0933 NA NA
7/18/2000 200 3 * 0.0661 NA NA NA NA 0.0121 NA 0.0000 0.0000 0.0000 0.0000 0.0933 NA NA
7/19/2000 201 4 * 0.0661 NA NA NA NA 0.0121 NA 0.0000 0.0000 0.0000 0.0000 0.0933 NA NA
7/20/2000 202 5 * 0.0661 NA NA NA NA 0.0121 NA 0.0000 0.0000 0.0000 0.0000 0.0933 NA NA
7/21/2000 203 6 * 0.0661 NA NA NA NA 0.0121 NA 0.0000 0.0000 0.0000 0.0000 0.0933 NA NA
7/22/2000 204 7 * 0.0661 NA NA NA NA 0.0121 NA 0.0000 0.0000 0.0000 0.0000 0.0933 NA NA
7/23/2000 205 1 0.1900 0.2154 NA NA NA NA 0.1514 NA 0.0957 0.1584 0.0029 0.0806 0.2260 NA NA
7/24/2000 206 2 * 0.2154 NA NA NA NA 0.1514 NA 0.0957 0.1584 0.0029 0.0806 0.2260 NA NA
7/25/2000 207 3 * 0.2154 NA NA NA NA 0.1514 NA 0.0957 0.1584 0.0029 0.0806 0.2260 NA NA
7/26/2000 208 4 * 0.2154 NA NA NA NA 0.1514 NA 0.0957 0.1584 0.0029 0.0806 0.2260 NA NA
7/27/2000 209 5 * 0.2154 NA NA NA NA 0.1514 NA 0.0957 0.1584 0.0029 0.0806 0.2260 NA NA
7/28/2000 210 6 * 0.2154 NA NA NA NA 0.1514 NA 0.0957 0.1584 0.0029 0.0806 0.2260 NA NA
7/29/2000 211 7 * 0.2154 NA NA NA NA 0.1514 NA 0.0957 0.1584 0.0029 0.0806 0.2260 NA NA
7/30/2000 212 1 3.4600 0.0000 NA NA NA NA 0.0000 NA 0.0000 0.0000 0.0000 0.0000 0.0000 NA NA
7/31/2000 213 2 * 0.0000 NA NA NA NA 0.0000 NA 0.0000 0.0000 0.0000 0.0000 0.0000 NA NA



 Step 5: Adjusted Total Ag Water Demand (adjusted for precipitation and irrigation (ET curves))
Agricultural Water Use - Example

COUNTY: Yancey
STEP 5: ADJU STED TOTAL W ATER DEMAND ( ADJU STED F OR PRECIPITATION and G ROU NDW ATER U SE)

Y EAR
IRRIG ATED 
TOBACCO TU RF G OLF

CONTAINER 
NU RSERY

F IELD 
NU RSERY

NU RSERY  -  IN  
THE OPEN

NU RSERY  -  
U NDER 

PROTECTION
IRRIG ATED 

COTTON
IRRIG ATED 
EARLY  SOY

IRRIG ATED 
LATE SOY

IRRIG ATED 
SOY

IRRIG ATED 
CORN

IRRIG ATED 
VEG ETIBLE

IRRIG ATED 
PASTU RE & HAY

( Moveable) ( F i xed) ( F i xed) ( F i xed) ( F i xed) ( Moveable) ( F i xed) ( Moveable) ( Moveable) ( Moveable) ( Moveable) ( Moveable) ( F i xed) ( F i xed)

( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D) ( MG D)
7/1/2000 -- NA 0.3316 NA NA 0.0392 0.0020 NA NA NA NA NA 0.0197 0.0284
7/2/2000 -- NA 0.3316 NA NA -- 0.0020 NA NA NA NA NA 0.0197 0.0284
7/3/2000 -- NA 0.3316 NA NA -- 0.0020 NA NA NA NA NA 0.0197 0.0284
7/4/2000 -- NA 0.3316 NA NA -- 0.0020 NA NA NA NA NA 0.0197 0.0284
7/5/2000 -- NA 0.3316 NA NA -- 0.0020 NA NA NA NA NA 0.0197 0.0284
7/6/2000 -- NA 0.3316 NA NA -- 0.0020 NA NA NA NA NA 0.0197 0.0284
7/7/2000 -- NA 0.3316 NA NA -- 0.0020 NA NA NA NA NA 0.0197 0.0284
7/8/2000 -- NA 0.3316 NA NA -- 0.0020 NA NA NA NA NA 0.0197 0.0284
7/9/2000 0.0470 NA 0.3316 NA NA 0.3767 0.0020 NA NA NA NA NA 0.0197 0.0284

7/10/2000 0.0470 NA 0.3316 NA NA 0.3767 0.0020 NA NA NA NA NA 0.0197 0.0284
7/11/2000 0.0470 NA 0.3316 NA NA 0.3767 0.0020 NA NA NA NA NA 0.0197 0.0284
7/12/2000 0.0470 NA 0.3316 NA NA 0.3767 0.0020 NA NA NA NA NA 0.0197 0.0284
7/13/2000 0.0470 NA 0.3316 NA NA 0.3767 0.0020 NA NA NA NA NA 0.0197 0.0284
7/14/2000 0.0470 NA 0.3316 NA NA 0.3767 0.0020 NA NA NA NA NA 0.0197 0.0284
7/15/2000 0.0470 NA 0.3316 NA NA 0.3767 0.0020 NA NA NA NA NA 0.0197 0.0284
7/16/2000 0.0196 NA 0.3316 NA NA 0.0334 0.0020 NA NA NA NA NA 0.0197 0.0284
7/17/2000 0.0196 NA 0.3316 NA NA 0.0334 0.0020 NA NA NA NA NA 0.0197 0.0284
7/18/2000 0.0196 NA 0.3316 NA NA 0.0334 0.0020 NA NA NA NA NA 0.0197 0.0284
7/19/2000 0.0196 NA 0.3316 NA NA 0.0334 0.0020 NA NA NA NA NA 0.0197 0.0284
7/20/2000 0.0196 NA 0.3316 NA NA 0.0334 0.0020 NA NA NA NA NA 0.0197 0.0284
7/21/2000 0.0196 NA 0.3316 NA NA 0.0334 0.0020 NA NA NA NA NA 0.0197 0.0284
7/22/2000 0.0196 NA 0.3316 NA NA 0.0334 0.0020 NA NA NA NA NA 0.0197 0.0284
7/23/2000 0.0639 NA 0.3316 NA NA 0.4159 0.0020 NA NA NA NA NA 0.0197 0.0284
7/24/2000 0.0639 NA 0.3316 NA NA 0.4159 0.0020 NA NA NA NA NA 0.0197 0.0284
7/25/2000 0.0639 NA 0.3316 NA NA 0.4159 0.0020 NA NA NA NA NA 0.0197 0.0284
7/26/2000 0.0639 NA 0.3316 NA NA 0.4159 0.0020 NA NA NA NA NA 0.0197 0.0284
7/27/2000 0.0639 NA 0.3316 NA NA 0.4159 0.0020 NA NA NA NA NA 0.0197 0.0284
7/28/2000 0.0639 NA 0.3316 NA NA 0.4159 0.0020 NA NA NA NA NA 0.0197 0.0284
7/29/2000 0.0639 NA 0.3316 NA NA 0.4159 0.0020 NA NA NA NA NA 0.0197 0.0284
7/30/2000 -- NA 0.3316 NA NA -- 0.0020 NA NA NA NA NA 0.0197 0.0284
7/31/2000 -- NA 0.3316 NA NA -- 0.0020 NA NA NA NA NA 0.0197 0.0284



 Step 6: County Ag Water Use Summary Total
Agricultural Water Use - Example

COUNTY: Yancey
STEP 6: COU NTY  SU MMARY  TOTALS

Y EAR
TOTAL F IXED 

CROP W ATER U SE TOTAL LIVESTOCK
TOTAL MOVABLE 

IRRIG ATION

TOTAL 
AG RICU LTU RAL 

W ATER U SE
( F i xed) ( Li ves tock) ( Moveable)

( MG D) ( MG D) ( MG D) ( MG D)
7/1/2000 0.44 0.06 0.04 0.54
7/2/2000 0.44 0.06 -- 0.50
7/3/2000 0.44 0.06 -- 0.50
7/4/2000 0.44 0.06 -- 0.50
7/5/2000 0.44 0.06 -- 0.50
7/6/2000 0.44 0.06 -- 0.50
7/7/2000 0.44 0.06 -- 0.50
7/8/2000 0.44 0.06 -- 0.50
7/9/2000 0.44 0.06 0.42 0.92

7/10/2000 0.44 0.06 0.42 0.92
7/11/2000 0.44 0.06 0.42 0.92
7/12/2000 0.44 0.06 0.42 0.92
7/13/2000 0.44 0.06 0.42 0.92
7/14/2000 0.44 0.06 0.42 0.92
7/15/2000 0.44 0.06 0.42 0.92
7/16/2000 0.44 0.06 0.05 0.55
7/17/2000 0.44 0.06 0.05 0.55
7/18/2000 0.44 0.06 0.05 0.55
7/19/2000 0.44 0.06 0.05 0.55
7/20/2000 0.44 0.06 0.05 0.55
7/21/2000 0.44 0.06 0.05 0.55
7/22/2000 0.44 0.06 0.05 0.55
7/23/2000 0.44 0.06 0.48 0.98
7/24/2000 0.44 0.06 0.48 0.98
7/25/2000 0.44 0.06 0.48 0.98
7/26/2000 0.44 0.06 0.48 0.98
7/27/2000 0.44 0.06 0.48 0.98
7/28/2000 0.44 0.06 0.48 0.98
7/29/2000 0.44 0.06 0.48 0.98
7/30/2000 0.44 0.06 -- 0.50
7/31/2000 0.44 0.06 -- 0.50



 Step 7: Ag Water Use Distribution
o Crop out federal and state owned lands
o County area draining to each OASIS node
o Ag water use by sub-basin part (parts defined by sub-basin & county intersections draining to OASIS nodes)
o Total ag water use for each OASIS node

Agricultural Water Use - Example



Collection, Processing, & Results
Municipal and Industrial Data



 Quantify water use for:
o Municipal (public & private) water systems
o Industries

• Manufacturing
• Mining
• Power
• Recreational*

 Data Sources
o NCDWR Local Water Supply Plans (Public 

Water Utilities)
• Data for 1997, 2002, and 2006-2017

o NCDWR Water Withdrawal and Transfer 
Registration (Private Water Utilities and 
Industries)
• Data for 1999, 2001-2006, & 2007-2017*

o Individual Water Users
• Fill in data gaps
• Focus on 1930-1997 prior to NCDWR records
• Provide anecdotal information (facility start and 

end dates)

Municipal and Industrial 
Withdrawals – Data 
Collection



 Data Compilation
o 1930-1960: limited data
o 1970-present: more available/accurate data
o Only entities withdrawing ≥ 100,000 gpd

(annual average day basis)
• Or projected (through NC Local Water Supply 

Plans) to withdraw ≥ 100,000 gpd (through 2060)

 Data Processing
o Monthly time series for OASIS model
o Based on facility start and end dates
o Hindcasting missing/non-reported data

• Developed record for 1930-2017
• Water suppliers: Population data (U.S. Census)
• Industries: GDP for NC (U.S. Bureau of Economic 

Analysis)
o Monthly demand

• Most recent 5 years of data
• Used for each unique model node

Municipal and Industrial 
Withdrawals – Data 
Processing





 Quantify water use for:
o Municipal (public & private) water systems
o Industries

• Manufacturing
• Mining
• Power
• Recreational

 Data Sources
o NPDES records from NCDWR

• 1994-2017
o Individual dischargers

• Fill in data gaps
• Focus on 1930-1994 prior to NCDWR records
• Provide anecdotal information (e.g. facility start 

and end dates, expansions, etc.)

Municipal and Industrial 
Discharges – Data 
Collection



 Data Compilation
o 1994-present: more available/accurate
o 1930-1993 data calculated/estimated if not 

provided
o Only entities discharging ≥ 100,000 gpd

(annual average day basis)
 Data Processing
o Monthly time series for OASIS model
o Based on facility start and end dates
o Hindcasting missing/non-reported data

• Developed record for 1930-2017
• Public wastewater discharges: Linear interpolation
• Industries: GDP for NC (U.S. Bureau of Economic 

Analysis)
o Monthly discharge patterns (similar to 

withdrawal approach)

Municipal and Industrial 
Discharges – Data 
Processing





Questions???

Jonathan Williams, PE, LEED AP BD+C

South Atlantic Water Resources 
Manager; Associate

HDR
301 North Main Street, Suite 2030
Winston-Salem, NC 27101
D 336.955.8253   M 704.493.8792
jonathan.williams@hdrinc.com
hdrinc.com/follow-us

mailto:jonathan.williams@hdrinc.com
http://hdrinc.com/follow-us
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