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1. Publication & Data Deliverable

Report webpage:
https://www.nj.gov/drbc/programs/supply/use-demand-projections2060.html
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o

'SDEC DNREC usGs PE License Natural Gas  # Google Scholar W 101 Hierarchical ti.. 3.2 Ordinary Least S.. @ NIST/SEMATECH e-..

years b
0 " vt DRBC remains operational, but its West Trenton, Indexaz|search e

remotely until further notice. See homepage for more info. \ = /
o L T : W (Best viewed with Adobe)

Water Supply/ = Project Review/ = Flood Loss Hydrology/ Natural Gas

NJ Office Building is closed & staff are working | — ] Download the report (~4O M B)

Water Quality | Planning | Permitting Reduction | Flow Management Drilling

Home > Programs > Water Supply/ Planning > Basin Water Uss > Water Withdrawal & Consumptive Use Estimates (1990-2017) &
Projections Through 2060

Water Withdrawal & Consumptive Use Estimates (1990-2017) &
Projections Through 2060

» Basin Water Use

MS Excel File (no macros)

DRBC's Water Supply and Planning Program Mty Lens i on:

Download the dataset (~10 MB)

ST T Plral focuses on water security - ensuring that EET e
there is 3 sustainable supply of suitable
quality water in the Delaware River Basin » Water Audit Program

(DRB).

Water Withdrawal and

LU ET TR To support this water resource management

[ EL Rl goal, the DRBC studies water use and plans
ey e for future water availability in the DRB.

4
» Water Charging Program ( (

(1_999_' 2017) With In October 2021, the DREC published a new report titled Water Withdrawal and \\ frO m th e report
Projections Through Consumptive Use Estimates for the Delaware River Basin (1980-2017) with Projections

PN through 2060. The report analyzes 30 years of historic withdrawal data and projects

Download high resolution maps

withdrawal demands to the year 2060.

Report 2021-4

Report:
* View/Download Report (pdf 40 MB)
® View News Release (issued October 19, 2021)

Report Goals:

* Analyze existing water withdrawal and consumptive use data for the DRB from 1990~
2017

Interact with the Power Bl data
visualization tool

* Project Water Withdrawals through 2060

Report Focus:

* Major Water Withdrawal Sectors: Public Water Supply, Power Generation, Industry, Irrigation, Mining, Self-Supplied Domestic, Out-of-Basin

Diversions & other

* Consumptive Use: Water that is withdrawn/taken from the Basin, but not returned

Key Conclusions:

st water withdrawals are coming from surface water (~95%), with the remainder from groundwater.

fjections2060.htmi

REC

UsGs USEPA

PE License Natural Gas @ Google Scholar

)years Select model parameters:

Withdrawas:

Please note: this application works best using Chrome. While you can zoom In, the application Is best viewed at 100%. Page 1/2 offers data
for the entire Delaware River Basin; page 2/2 is for the Southeastern Pennsylvania Groundwater Protected Area (SEPA-GWPA).
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Basin ID: A

Sector:

Years: 2022
Note: Color coded values in the map above correspond to total subbasin values
based on the selected variables. If more than one year is selected, the map reflects
the summation of muitiple years and not the annual average rate as suggested by
the legend units. For this reason the map should be used only for relative
comparison of subbasins when viewing multiple years of data. All surface wate-



https://www.nj.gov/drbc/programs/supply/use-demand-projections2060.html
https://www.nj.gov/drbc/programs/supply/use-demand-projections2060.html

Ontelaunee Reservoir Dam
near Reading, Pennsylvania.
Credit: © Melissa Kopf
Used with permission
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2. Water Supply Planning: Why are we projecting withdrawal data?

—

Is there enough water to meet future demands?

1. What are the current/future demands? <=
2. How does it compare against current allocations?
3. What about a repeat of the Drought of Record?
4. What about climate change?
= R

Compact  / DELAWARE RIVER BASIN COMPACT (1961)

1961
3.6 General Powers.
T * Conduct and sponsor research on water resources
. e Collect, compile, correlate, analyze, report and interpret data on water resources and uses in the basin E

EEEEEEEEEEEEEEEEEE
PENNSYLVANIA e NEW YORK
UNITED STATES OF AMERICA




2. Water Supply Planning: What are the planning objectives?

- Provide projections of future average
/annual water use in the Delaware River i
~ Basin, through the year 2060, to be
used in future planning assessments.

o

| Apply GW results to the 147 sub-
/ watersheds (Sloto & Buxton, 2006) and the
sub-watersheds of SEPA-GWPA.

Represent each water use sector at the
Basin-wide scale.

OO

\.

-

Apply SW results at the source
level for future availability analyses.

@ G

Relate results to regulatory approvals.

(o L@

\.




3. Methodology

Cape Henlopen, Delaware.
Credit: Delaware State Parks
https://destateparks.com/Beaches/CapeHenlopen




3. Methodology: Breakdown by sector

| The primary method is
extrapolation of historic
reported withdrawal data

Water Withdrawals
in the Delaware River Basin

Lt Out-of-Basin FILED Industrial Mining Irrigation Other
Supply Diversion Generation

Report Link: Section 3 Report Link: Section 3 Report Link: Section 4 ReportLink: Section 5 Report Link: Section & Report Link: Section 7 Report Link: Section 8 Report Link: Section g

Primary Method: Primary Method: Primary Method: Primary Method: Primary Method: Primary Method: Primary Method: Primary Method:
Extrapolation of Meanvalue basedon Population estimate  Extrapolation of Extrapolation of Extrapolation of Multivariate regression  Extrapolation of
historicwater afive-year average.  and per-capitarates.  historicwater historicwater historicwater for temperature and historicwater
withdrawal data withdrawal data withdrawal data withdrawal data precipitation. withdrawal data

(SI3S

Del River Basin C

DELAWARE e NEW JERSEY
PENNSYLVANIA ¢ NEW YORK
UNITED STATES OF AMERICA
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3. Methodology: A plan for projecting data?

LE/ Where do we start?

Time-series hierarchy

NOTE:

Not the method for self-
supplied domestic withdrawals,
and irrigation withdrawals

—

Level 1
(Sector level)........

Level 2
(Regulatory level)

Level 3
(System level)......

Aggregate to
results here

Level 4

—

Level 5

Level 6

Perform
projections here
\

(Source-type level)....cvececiericecenns

(Sub-watershed level)..............

(Source level).......

Public Water Supply ]

Associated Systems ]

l

[ Unassociated Systems ]

[ PWS System #1 ]

[ Groundwater

( ) 4 )
PWS System #2 PWS System #3
\_ J \_ J
s | 3 e | ™
Surface water Groundwater Surface Water

[
[
Sub watershed Sub-watershed
(e g. Basin DB- OOX) (e g. Basin DB- OOY)

Hyndman, R., & Athanasopoulos, G. (2018). Forecasting: principles and practice (2nd ed.). Melbourne, Australia: OTexts. https://otexts.com/fpp2/

... all Associated

Systems

[ Groundwater ]

Sub-watershed Sub-watershed
(e.g. Basin DB-00X) (e.g. Basin DB-00Y)

Del River Basin C

DELAWARE e NEW JERSEY
PENNSYLVANIA ¢ NEW YORK
UNITED STATES OF AMERICA
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https://otexts.com/fpp2/

3. Methodology: How do you aggregate projections?

: @ : : : ‘ :

P R T S T “B _ 7
,-\15-00'5--'--:..-.:% ..... ,,,,,, ...... ,,,,,, ...... | Ottom up approaCh
- : ) ; i i : :
O @° ~.
= | & e A S
o 10.00 4 TR
8 [ PWS System #1 ] [ PWS System #2 ] [ PWS System #3 ]
..la__’. : ) ) )
© 5004 \ : \ : \
< Total = f11(x)+f12(x)+f13(x)+f14(x) f21(x) f31(0) + f32(%)

. ; . : . : ' [ DB-00X ] [ DB-00Y ] @ @ @ @

0.00 - - FE

1980 1990 2000 2010 2020 2030 2040 2050 2060
Date (Year)

. 7798 7844 7288 ’
7894 11650 i& /
7912 7035 A ‘/ /

Do projections aggregate

in a manner consistent PUCTIIS
Coherence|\ intetimeseriesr ~ Trtrrin

10



3. Methodology: A plan for projecting data?

The main model is based on extrapolating iy, Eshomhigm

Docket No.: D-1234-567 CP-B

historic withdrawal data. el
Significant QAQC of historic data
600+ system reports ; i » EEEE

* 1,100+ equations g [

Associated | Unassociated o e nfeamien T
Meth | =

ethod GW SW GW SW Subtota
Mean Value 218 71 147

Exponential 72 17 36

era spumti ation: urce-specific_cons tion:
r D WSID  [Sowrce Mame cuR |m.:d |ra- m:sl\'r.lin. ¥r.max
43 6 water use 5 ic v FEET
pefault sector CR: 0.1

Zurface water intake #1 0.3100 0.000 16 002 2018

wanual speci fy CuR: u.\
parassurce:

125 salected models for water use data:
| 5 ol ]

|L¢vll |Dus. |usxn Huc |m |nn:h=d |(w-1) |Elw atian (y=
Source  SW DE-108 WA [ 2005 (515.888) + (-7D.533)*log{x} 68.245 calc. 0.100
. HisC = El Ca-14 62 AV 2005 {295.081) + (0% §5.121 Default 0.100
Llnear 83 11 11 105 HuC an 1 D8-105 67 AVG 2005 (38.438) + (D)%x 16,366 Default 0.100
Example bzn can be placed here during = =Taff review to docament \nﬁr =7ons were sade n regarding. che Final projecticns,
. . This report includes actual data for a public water supply system, although some dara od for
LO arlthmlc 250 74 69 393 ConFidantislity. The cyctes has hoth gratmdater and sirface sater sources. There iz an intercormection and therefare
service area demand iz caleulated. Data from the swks warer audits iz included gray ph ally, as well as a projection
p-nmnamt It cha du foer holder. The selected projection prowides an ow apl of an a ju:ud rarrin o baced an rhe

trends i i data. all gmunﬁnm rrrrr plot within SEPa-cwPa, and therefore the 1-1:!' subbasin and :ri-subbasw

114 e
1,173

Other 62 48 4

Subtotal 685 221 267

* OLS = Ordinary Least Squares p
* Associated means system operate above review thresholds and has allocation paware River Basin Commission

LAWARE s NEW JERSEY
[t rt Compiled: 8/4/2021 4:19 PM P 1aof &
2 o -t NNSYLVANIA & NEW YORK

regUIatory approval. ITED STATES OF AMERICA
* Does not include agriculture and self-supplied domestic analyses 11

S0 O O O O




3. Methodology: Quantifying uncertainty?

1
+t,,*x0, |1+—+
Y L tay eV n (n—1)s2

— )2 -
~ (x X ) @ The residual errors are normally distributed

0N = 350 Mgy |+ < rr e b e e e | Legend ~N
| /\7' The residual errors are independent of each other,

ly
y = the projected withdrawal volume (m ‘
Y brol - (may) N i.e. “uncorrelated”
x = (Year—Start Year + 1)i.e. x=1,2,3...n ¢ -7 - )
X = mean of the observed x values | ; : : i e*ﬁ : ; | AwWWA water Audit (DREC)
= - icti - ; ‘© P : : # Data Validation S
tay Stu.dent t-statistic 5, | il I | & NonrveruEWater
6, =residual standard error % Predictioninteryals Modified withdrawal data
_ . 0 . o R d: Alt. Start Dat
n = total number of observations - : - Refrioiad: ek Gulies
s2 = standard deviation of observed x values s , N e
Model Results
— Selected Model
100 4 95% Prediction Interval
80% Prediction Interval
0-

Delaware River Basin Commission

T T T T T T T T T DELAWARE ® NEW JERSEY

E e N
1980 1990 2000 2010 2020 2030 2040 2050 2060 E';[’;‘T”E;' LsVT?‘TIJsAs o ix EVR‘:'é';
Date (Year) 12




Credit: © Brian Kushner
Used in accordangg




Withdrawal (MGD)

Historic and projected water withdrawals from the Delaware River Basin

10000 {
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40001

30009

2000-;,._”“”_

10004

Withdrawal Sector

Thermoelectric Power
Hydroelectric Power
Other

Irrigation

Mining

Industrial

Out-of-Basin Diversion
Self-Supplied Domestic

Public Water Supply (missing)

Public Water Supply

1990

2000

2010

2020
Date (Year)

2030

2040

2050

2060

* Peak withdrawals have occurred

* Thermoelectric decreases since 2007 will
plateau as coal-fired facilities using once-

through are limiting

* Public Water Supply has shown and
projects decreases despite historic and
projected growing in-Basin population

* Hydroelectric withdrawals are significant;

however, no consumptive use

* Industrial withdrawals historically

decrease, but plateau

Delaware River Basin Commission
DELAWARE ® NEW JERSEY
PENNSYLVANIA & NEW YORK
UNITED STATES OF AMERICA
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Historic and projected consumptive water use in the Delaware River Basin

1200 A ~Historic data . Projection—~

Withdrawal Sector

11001 - Out-of-Basin Diversion
. Thermoelectric Power
Hydroelectric Power

i B Other
1000 A . Irrigation
. Mining
i B Industrial
. B Self-Supplied Domestic
900 1 1 Public Water Supply (missing)
: B Public Water Supply
g S00 : Consumptive use projected to remain
R : relatively constant
Q
35 Largest consumptive use is Out-of-Basin
O 600
2 Exports under a U.S. Supreme Court Decree
(o
% 5001 : Thermoelectric consumptive use constant
§ 400 : despite decreased withdrawals due to
changes in technology
300 -

Irrigation is significant and shows slight
. | | ; | _ increases related to projected changes in
: climatic variables

100 - e . . . o L. .
: : s | | 3 | Significant spatial variation in terms of both
1980 1990 2000 2010 2020 2030 2040 2050 2060 Delaware River Basin Commisson

Date (Year) el oE
15




Annual Average Consumptive Water Use (MGD)
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Previous DRBC projections of Basin-wide consumptive water use (comparison)
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(DRBC, 2008)

(DRBC, 1988)

(DRBC, 1973)
(DRBC, 1975)

DRBC 2000), dry |

(ORBC, 199077~

((DRBC, 2000), normal |

RBC, 1999
(’ DRBC, 1994}

S

Estimated consumptive
use & projection
from this study.

2010
Year

1960 1970 1980 1990 2000

2020

2030

2040

2050 2060

Prior projections often:

Work from one estimated
year of withdrawal data

Are performed indirectly
(e.g., applying population
projections)

May have considered/
accounted for planned
facilities (e.g., power)

This study:

Almost 30 years of data

Aligns with previous
estimates

Most conservative
projection

R
R AMEATE
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Agn’cﬁ\l‘tdral groundwater.irrigation
near Harrington, Delaware.

. 'ﬁ:reaTt:‘@ Daniel Laughman
Used With permission




42°00'N

41°000"N

40°00"N

38°0'0"N

7700 TEOUW 7500 TAO0W
! ® J ! Chenango L ] RE !
77,079 {0.00)
Wi U Legend
0
0 - & CalfCourse
o Greene Percent irrigated
R 8 13718 cropland
Delaware 337
¢ BT 6L 4 0o F‘gnuﬁu 0.025
205 S
(0.00) [ 0025040
#, - B 0.10-0.25
B 025050
g -
= Label description
o
Sulliyan o County Name
26175 Cropland (acres) — 15,790
V\“"E;YZ';? 189 Irigated acerage — 1,008
2l (o.01) Percent migated — (0.06)
o ]
W] [
® @ |
Lapkawanna
20278
g o Pik
(0.00) ike
- ol 1362
o P (0.00)
® = Luzerne
27.626 v Sussex
316 . 671
(0.01) Monjoe
13,380 @
» M » 168 &£
w oty
- o Carbon % - )
13088 \O
. 19
0.0}
uylkill Narthampton
60,745 5«;?3
351 s :
Lehigh .01
it 63.121 CE& ! -
s 382
R 001 =
& i Berks
e 184,514
» b:st‘e%r;o s 1514 g Eég‘é.':: il
743 han ‘962 .
- ) oy ot (002 onimo
L] L &
. ‘ = WL
- ® v "
ancaste 1)
= 314%91; Chester deln
- o a5z 5.752
AL : T Tie @ gto
' ©o1) Delawiare s
L]
= o :
. 3 ® 0
L. o
T} ) ® L] ale
™ ] N i
% . ; " Atlantic
@4 b 17.756 :
® 0% ) @N}?ﬂ 11583 Atfantic Ocean
® g{ 2 {0.65)
ooy ~Ani% € Bt
a "a® e el R
{l‘g_, Uy
o tEnpld A pe
& 2 o v &~
; L o i‘g/i e
L]
. e ¢ el e Delaware
@ [ q‘,&,\g‘r Q C\{g“‘
| = 7

S5 s® > %ﬁ%) b Bay

S R ) :
/ f/ ol .

g YL £ O/ :
ST e e S '
£ L O e ¢ Miles
q e { b - 0o 10 20 40
. VI oy T T T S
- § 4| ity

1 i | 1 1 1

Bk 7E0OW 75°00"W 74700

42°00°N

41°00°N

40°0'0°M

39°0'0°N

Withdrawal (MGD)

Withdrawal (MGD)

Irrigation water withdrawals from the Delaware River Basin states

Delaware
201
151
(o]
@
10+ g
@
-]
o0
e © °
51 2 o
(-]
(o] ..
(-]
A 20
0.

1980 1990 2000 2010 2020 2030 2040 2050 2060

Year

New York

0.

fsssece]

C <]

Qs

1980 1990 2000 2010 2020 2030 2040 2050 2060

Year

Withdrawal (MGD)

Withdrawal (MGD)

New Jersey

100
901
80+
70+
60 -
501
401
301

204

0.

1O-B

Category

Agriculture
Nursery
GolffCC
[ Non-Agricultural Irrigation
Cranberries

1980 1990

Year

Pennsylvania

101

O.

1980 1990 2000 2010 2020 2030 2040 2050 2060

-]
3

|

Year

A=Em
-

UNITED STATES OF AMERI




Basin-wide average weather & irrigation withdrawals (1990-2017)
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Unique reporting withdrawal sources

Unique reporting withdrawal sources

Irrigation reporting water sources in the Delaware River Basin states
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\ Constant Precipitation "
W =a: + B:T P. W, ., =a+ B:T,
ijt = & + IBJTL,t + V]PL,t + 5151,],15 L)t J J Lt
where,
Wi = The annual withdrawal from subbasin i at year t, where j is either GW or SW
a B,y 0 = Constants from a linear regression, where j is either GW or SW B =
Ti¢ Seasonal average daily max temperature (°F) for subbasin /i, at year t Delaware River Basin Commission
P, Seasonal total precipitation (inches) for subbasin i, at year t PEXNSYLVANIY » NEW VORK
Sijt = The number of sources resulting in the annual withdrawal for W ;, 20




Projected irrigation water withdrawals from the Delaware River Basin

Withdrawal (MGD)
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Projected irrigation water withdrawals from the Delaware River Basin states
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The Delaware River viewed from Hawk's
in Sullivan County, New Z
Credit: © Joseph Halli




Groundwater availability —
+* 147 HUC scale
+ SEPA GWPA scale

Surface water availability <

Percent of Groundwater Use for 25-Year Annual Baseflow Recurrence

2020 2060

Median Median

2060

95th Percentile

40°N-|

= FQUAL TO OR GREATER THAN 100 PERCENT USE OF AVAILABLE GROUNDWATER

CJEQUAL TO OR GREATER THAN 75 AND LESS THAN 100 PERCENT USE OF AVAILABLE GROUNDWATER
@ EQUAL TO OR GREATER THAN 50 AND LESS THAN 75 PERCENT USE OF AVAILABLE GROUNDWATER
@ FQUAL TO OR GREATER THAN 25 AND LESS THAN 50 PERCENT USE OF AVAILABLE GROUNDWATER
CILESS THAN 25 PERCENT USE OF AVAILABLE GROUNDWATER

Sloto, Ronald A., and Debra E. Buxton. “Estimated Groundwater Availability in the Delaware River Basin,1997-2000." USGS Scientific Investigations Report, 25 May 2007, doi:10.3133/sir20065125.
Coordinate System: NAD 19283 UTM Zone 18N

** Consider effects of climate change
** Consider reservoir operations
* Consider the Drought of Record Sk

DELAWARE » NEW JERSEY
PENNSYLVANIA * NEW YORK
UNITED STATES OF AMERICA
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Hope Creek and Salem Generating Stations
in Salem County, New Jersey.

Credit: © John Beatty

Used with permission.
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Power generation and water use
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Population and self-supplied water use
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8. Questions

Delaware River Basin Commission
E: Michael.Thompson@drbc.gov
F{609)883-9522

/A Chad Pindar, P.E.

Manager — Water Resource Planning Section

E: Chad.Pindar@drbc.gov
F:609-883-952)

Del. River Basin C:

DELAWARE ® NEW JERSEY
PENNSYLVANIA » NEW YORK
UNITED STATES OF AMERICA

27



mailto:Michael.Thompson@drbc.gov
mailto:Chad.Pindar@drbc.gov

