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1. Water Supply Planning: Why are we projecting withdrawal data?

—

Is there enough water to meet future demands?
 What are the current/future demands? <=
* How does it compare against current allocations?
 What about a repeat of the Drought of Record?
 What about climate change?

= R
C‘;";pact DELAWARE RIVER BASIN COMPACT (1961)
o 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

ommission



1. 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.

4 ,
Represent each water use sector at the | %

Basin-wide scale.

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

\.

-

Apply SW results at the source

. Relate results to regulatory approvals.
level for future availability analyses. & yapp
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@ (&

\.




years

1961-2021

near Reading Delaware River Basin Commission
DELAW . NCW JERSEY

AT 8 iy 85 4 \ 3" s
Credit: © Melissa \ : PENKSYLVANIA = XEW YORK

Used‘" UNITED STATES OT AMGRICA
/ UNITED STATES OT AMEGRICA

Un



2. Methodology: What data are we looking at?

m Consumptive Use

’

Insert specific
: : Groundwater use of water
: i withdrawn from here.
4 il wells
= = H=E ‘ ‘ ‘ 200 gallons Treatment if
“Well A” “Well B”  “Well C” 1000 eall consumptively used necessary.
oY gallons (CUR = 20%).
Surface water withdrawn
withdrawn from ! )
stream, rivers \ |
and lakes : :
A
ears
.// sis ()
800 gallons discharge m

back to river

Lehigh River
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2. Methodology: Breakdown by sector... what’s a sector?

(PWS) Public Water Supply (DIV) Out-of-Basin Diversions (SSD) Sfelf-SuppIied Dome§tic . \(;WR) E(:]v(;/er G(/egleratlznb facilit iated
Water withdrawn by a facility meeting the definitonofa  Withdrawals of water for public water supply exported Water withdrawal for domestic use for residents who .aﬁe:]wn rawn fwerte Y acll ities ?1883\(;.'?? h
public water supply system under the Safe Drinking from the Delaware River Basin by the Decree Parties in are not served by a public water supply system; it is with the process of generating electricity. Within the
Water Act (Pub. L. No. 93-523, 88 Stat. 1660), or accordance with a 1954 U.S. Supreme Court Decree assumed in this study that all self-supplied groundwater ~Delaware River Basin, this refers water
subsequent regulations set forth by signatory parties. (U.S. Supreme Court, 1954). withdrawals are groundwater. withdrawn/diverted by both thermoelectric and

hydroelectric facilities.

-\Ps‘» 3
i & 2
$'£ :‘ﬁn?‘ -
" il % A ; s“!s FAP iy
‘ & .*‘ P
2 152 §
f,/lb
(IND) Industrial (IRR) Irrigation (MIN) Mining I - I(:Z(I:—i'l-ilt)ieost:ce)trcate orized by previous sectors
Water withdrawals by facilities associated with Water withdrawals which are applied by an irrigation Water withdrawals by facilities involved with the including b rg ited yp | bottled
fabrication, processing, washing, and cooling. This system to assist crop and pasture growth, or to maintain extract_ion of naturally_occurring n_]inerals. Th_is incl_ugjes including but no’F |Im|te :]o a(?uacu ture, bott eff.
includes industries such as chemical production, food, vegetation on recreational lands such as parks and golf operations such as mine c_iewaten_ng, quarrying, m_||||ng wgter, commercia (e.g. _ote s, restagrants, office
paper and allied products, petroleum refining (i.e., courses. This does not include withdrawals/ diversions of mined materials, material washing and processing, buildings, retail stores), fire suppression,
refineries), and steel. Due to the generally close associated with aquaculture. material slurry operations (e.g. sand), dust suppression hospital/health, military, parks/recreation, prisons,

relationship, water withdrawn for groundwater and any other use at such facilities. schools, and ski/snowmaking.

remediation purposes are also included in this sector.



2. 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 hased on  Population estimate  Extrapolation of Extrapolation of Extrapolation of Multivariate regression Extrapolation of
historicwater afive-year average.  and per-capitarates.  historicwater historicwater historicwater fortemperature and historicwater
withdrawal data withdrawal data withdrawal data withdrawal data precipitation. withdrawal data

f [] years

1961-2021

DELAWARE NLCW JERSEY
PENKSYLVAXIA « NEW YORK
UNITED STATLS OT AMGRICA



2. Methodology: A plan for projecting data?

Time-series hierarchy

@' Where do we start?

Aggregate to

Perform

—

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

p
Level 1 Public Water Supply ]
(Y=ot o T gl 1L V7= ) OO TR .
- |
Q Level 2
E Regul level Associated Systems Unassociated Systems

= (REBUIALOIY [EVEI)...iieiiceiieee ettt s atae e srre e e e L
- I

: B | ( | ) ( | ) |
7 Level 3 .
$ (System level) PWS System #1 PWS System #2 PWS System #3 ... all Associated
v ystemlevel)....coeiiiiini e, | L ) L ) Systems

I ( | ) ( | )
Level 4
) level) Groundwater Surface water Groundwater Surface Water Groundwater
(Source-type level)....cvececerieecenns L )
Q [

c Level 5 Sub watershed Sub-watershed Sub-watershed Sub-watershed
17 (Sub-watershed |eve|) .............. (e g. Basin DB- OOX) (e g. Basin DB- OOY) (e.g. Basin DB-00X) (e.g. Basin DB-00Y)
C

O 7
)

‘A | (Sourcelevel).....coooevoiiieeniinnn. ears
o | (Source level) 0 [] ymb] 201
o
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https://otexts.com/fpp2/

2. Methodology: How do analyze results?

[ PWS System #2 ] [ PWS System #3 ]

A
[ . | [ |

f21(x) f31(0) + f32(x)

@ @
“System Level”

S « ”
oo .‘.% ______ e Bottom-up approach
5 % Teel
.._E_, : ' " T - -.__ .

o 10004 T ————

3 [ PWS System #1 ]

o 1

g R B Total = f1 1(0) + f12(0) + f13(x) + f1,4(%)

. ) : : ; : s . ! [ DB-00X ] [ DB-00Y ] @ @

oo0d

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

7798 7844 7288 i
7894 11650
7912 7035 N A/

Coherence

Do projections aggregate : [] years
1961-2021

in @ manner consistent

with the time series? e S

10



2. Methodology: A plan for projecting data?

The main model is based on extrapolating s oo

State: DE, W1, WY or Fa
Docket HNo.: 0-1234-567 CP-E

historic withdrawal data. D

[Plmmiion = BTG A mgy [-++++++oe e she e b

3000

* Significant QAQC of historic data

gannc.
E’ Modfed withdranal data
* 600+ system reports ; sl | et

. e, o e
i N - TS e rraaion e
* 1,100+ equations il

* Describe withdrawal & consumptive use g e s e

Associated | Unassociated
Method GW SW GW SW Subtotal

Mean Value 218 71 147

TRaTT
Cata
r: ic
pefault sector cuR: 0.1
wanual speci fy CuR: u.

tarassurce:
. Selected models for water use dava:
Xponentia Lo Ve o=
p eve’ s, wsto e s [wethod ({537, |Equation (v ...} & CuR_cat|cuk
Source 5w 1732 DE-108 WA LOG 2005 515 888) + (-70.599)*log{x} 68.245 calc. 0.100
HisC = El Ca-14 62 AV 2005 {295.031) + (0)*X 55.121 Default 0.100

105 HUC =] 1 D8-105 67 AVG 2005 (38.436) + (01*% 16.366 Default 0.100

Exarple bﬂncanljﬂa'lﬂﬂﬂ during = STaff review to document why Geciaions were made rug:-rlngm Fnal prajections.

OLS Linear 83 11 11

Thiz report incl actual data for 4 public meter supply system, althaugh scme data baz
. . confideneialiy. The systen has both grommdwater and surface water sourcez. There iz an incercenect: n ard herefore
service ares demand iz calculuted. D3ta from the AMA water sudits iz includsd gra aphically, as well as prajection
O arl II”C pravidad ty the docket halder. Th o 1rudpm;m1mpmwd anample of an atjussed Srarcin year bazsd an the
re c data. All gmum‘bﬂ rrrrr plot within SED‘ CaPA, and therefore the 147-subl n and ?E-:Ill:bl!'iﬂ

mnsarehu::u[whh s mat always the case).

S O O o O

Other 62 48 4 114
Subtotal 685 221 267 0 1,173 Oﬂyeafs

1961

OLS = Ordinary Least Squares m

* Associated means system operate above review thresholds and has allocation Delaware River Basin Commission
Report Compiled: B/4/2021 4:19 P Fage 1 of & EE?_\E:“:\RE . t\E‘-‘- ‘I[\ﬂgg}\\
regulatory approval. IR ey S TArLs OF SHOE

* Does not include agriculture and self-supplied domestic analyses 11



Wing Dam on The De_fé’ware- /et
Lambertville New Jersey-on theJeftan

New Hope Pennsylvania on the right. - g

Credit: © James Loesch
Used with permission
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Withdrawal (MGD)

Historic and projected water withdrawals from the Delaware River Basin

10000. ................. ................. ............... .. om. P ro]ection—- ..... .................
: 1 : : : : 1 1 | | Withdrawal Sector
: : : : : : : = thrmcieleqtrig Power

9000. ........................ N TR ................. fredb et o - O¥hé?eectrlc ower
: . : : : || = Irrigation
| - 5 : : : = micmg?rial

8000. ................ . T . . .. : ................. ................. . Out-of-Basln DlVerSlOn
| L | | | 1" gegii%u altigquDuome(t;ﬁissin )
: oo : : : o m Pﬂblic Water SUBB@ 9
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* Peak withdrawals have occurred
6000 ..................
* Thermoelectric decreases since 2007 will

5000__§ ________________ plateau as coal-fired facilities using once-
| through are limiting

4000 o * Public Water Supply has shown and
; projects decreases despite historic and

3000..} ................ . . . . .
| projected growing in-Basin population

2000 Lo * Hydroelectric withdrawals are significant;
| however, no consumptive use

oot * Industrial withdrawals historically
| decrease, but plateau A7) vears

0-. ................ . . . : . . . .
1980 1990 2000 2010 2020 2030 2040 2050 2060

Date (Year)
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Consumptive Use

Historic and projected consumptive water use in the Delaware River Basin

1200

1100
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900 1
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400 1

300 1

200 1

100 1

0
1

—Historic data . Projection—

980

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

Withdrawal Sector

Out-of-Basin Diversion
Thermoelectric Power
Hydroelectric Power

Other ]
g Consumptive use
Industrial

Self-Supplied Domestic prOjECtEd to remain
Public Water Supply (missing)

Public Water Supply relatively constant

Largest consumptive use is Out-of-Basin
Exports under a U.S. Supreme Court Decree

Thermoelectric consumptive use constant
despite decreased withdrawals due to
changes in technology

Irrigation is significant and shows slight
increases related to projected changes in
climatic variables

Significant spatial variation in terms of both
withdrawal and consumptive use

Comparison against
previous DRBC estimates
(next slide)

14



Annual Average Consumptive Water Use (MGD)

10001
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Previous DRBC projections of Basin-wide consumptive water use (comparison)

-8 (DRBC, 1973)
==~ ""|(DRBC, 1975)

—
-
//,—/
—_=
—

E}:

DRBC 2000), dry |
[ (DRBC, 2000), normal |

_ —O|(DRBC, 1996)

O (’RBC 1994y
_.,——)

AT B

(DRBC, 2008)

(DRBC, 1988) : :
Estimated consumptive

use & projection
from this study.

2010 2020 2030 2040 2050

Year

1960 1970 1980 1990 2000

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

15



Historic and projected withdrawals from the Delaware River Basin HUC-8 subbasins
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¢ and projected withdrawals from the Delaware River Basin HUC-8 subbasins
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WITHDRAWALS

400 T H

3009

Withdrawal (MGD)
N
o
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100{
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' 'iH’l's't'c')r‘;"ic';él data . 'F"r';éjé(:tidhi T

Historical and projected water withdrawals from the Lehigh River Basin

. Bethlehem Steel stops steel making at
. main plant at the end of 1995. All

./ Bethlehem Steel production activities at
. the Bethlehem plant end in 1998.

Withdrawal Sector

Thermoelectric Power
H¥droelectric Power
Other

Irrigation

Minin

Industrial

Out-of-Basin Diversion
Self-Supplied Domestic
Public
Public Water Supply

ater Supply (missing)

1980 1990
Known data gaps for
Public Water Supply
in 2001, 2002 and
2004

2000

_ 1

2010

2020 2030

Date (Year)

2040

2050

2060

NOTE: The top 10 facilities
account for about 80% of the
total withdrawal.

Excluding hydroelectric, the top
10 account for about 75%.

Hydroelectric Power 70.103 40.0%
Public Water Supply 64.255 36.6%
Self-Supplied Domestic 12.652 7.2%
Other 10.414 5.9%
Mining 7.028 4.0%
Thermoelectric Power 5.269 3.0%
Industrial 5.203 3.0%
Irrigation 0.439 0.3%
Subtotal 175.362 100.0%

18



CONSUMPTIVE USE

Historical and projected water withdrawals from the Lehlgh Rlver Basm

25_ T e : —His DI’iCB aa ...... TOGC IOH—' ...... .................. .................. L
T 5 i .PEJ t | | Withdrawal Sector NOTE: The top 10 facilities
| : 1 : : : | | 1 E E"Eﬁ%"éﬁﬁﬁ‘é‘%ﬁﬁ:’fr account for about 75% of the
| | 5 migation consumptive use.
: = : B Industrial
211 : SO : : : [ Qut-of-Basin Diversion
: i E - gﬁglgu :;tlg?SDuomles(tﬁssm )
B Public WaterSuggl¥ g
~ Breakdown by sector:
3151
=
g | _
g Public Water Supply 6.426 46.0%
g 10 Thermoelectric Power 4.065 29.1%
Self-Supplied Domestic 1.265 9.1%
Other 0.845 6.1%
Mining 0.690 4.9%
°1 Irrigation 0.395 2.8%
Industrial 0.270 1.9%
Hydroelectric Power 0.000 0.0%
0. 5 Subtotal 13.956 100.0%

1980 1990 2000 2010 2020 2030 2040 2050 2060

Known data gaps for | Date (Year)

Public Water Supply
in 2001, 2002 and
2004 19



Withdrawal (MGD)

Public Water Supply

Public water supply withdrawals from the Lehigh River Basin

1001 i 5
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Legend

e (W) Withdrawal: annual
(w') Withdrawal: scaled monthly
(1) INTC - Import
(E) INTC - Export
(W+1) Demand - System
(W+I-E} Demand - Serv. Area
Docket Holder Forecast

*0¢d

AWWA Water Audit (DRBC)

# Data Validation Score
v Non-revenue Water

Modified withdrawal data

© Removed: Alt. Start Date

© Removed: Manual Qutlier

© Removed: QAQC Incomplete

Model Results

— Selected Model
95% Prediction Interval
80% Prediction Interval

Legend

® (W) Withdrawal: annual
(w") Withdrawal: scaled monthly
(1) INTC - Import
(E) INTC - Export
(W+1) Demand - System
(W+I|-E) Demand - Serv. Area
Docket Holder Forecast

* e odq

AWWA Water Audit (DRBC)

# Data Validation Score
< Non-revenue Water

Madified withdrawal data

© Removed: Alt. Start Date

0 Removed: Manual Qutlier

0 Removed: QAQC Incomplete

Model Results

— Selected Model
95% Prediction Interval
80% Prediction Interval
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Lehigh River Basin population estimate (2010) and projections
based on Hauer & CIESIN, 2021 (scenario SSP2)

Withdrawals by 1.07 Relationship to public water
Population PWS from the supply servie areas
inside Service Lehigh River 0gd | ™ |(|)w3+%|FDE
YEAR Areas % ChangeBasin (MGD) % Change
1990 67.878 08
2000 65.042  -4.2%
2010 518,170 66.129  1.7% .
2020 546,014  5.4% 65.453  -1.0%
2030 571,968  4.8% 66.808  2.1% A
2040 595,397  4.1% 68.014  1.8% 9 01
2050 621,482  4.4% 69.110  1.6% E
2060 657,364  5.8% 70.126  1.5% §0°
DELTA (2010-2060):  26.9% 6.0% s
8—0.4
Interesting notes: -
* The trend in PWS withdrawals in the Lehigh 0.31
River Basin is opposite of the Basin-wide trend.
» The rate of population growth expected within 0.21
PWS service areas is expected to exceed the
growth in withdrawals for PWS. 0-11
 HIGH LEVEL - assuming no transfer of water
infout of the Lehigh River Basin (not true) it 001 . | R e R .'
1980 1990 2000 2010 2020 2030 2040 2050 2060

would appear performance is increasing. Date (Year)



5. Publication & Data Deliverable

Report webpage:

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

fe-demand-projections2060.html

Natural Gas  # Google Scholar {8 101 Hierarchical ti.. 32 Ordinary Least 5., @ NIST/SEMATECH e-..

'SDEC DNREC usGs PE License

f()vears

You can:

DRBC remains operational, but its West Trenton, Indexaz|search | /
NJ Office Building is closed & staff are working \ —

remotely until further notice. See homepage for more info. ) —
Frograms J
Information

Flood Loss Hydrology/

Water Supply/ Project Review/ Matural Gas

Download the report (~40 MB)
(Best viewed with Adobe)

Water Quality |

Planning | Permitting Reduction | Flow Management Drilling

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

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

DRBC's Water Supply and Planning Program * Water Conservation

Download the dataset (~10 MB)
MS Excel File (no macros)

SNl a P lpel focuses on water security - ensuring that [z
there is a sustainable supply of suitable
quality water in the Delaware River Basin » Water Audit Program

(DRB).

Water Withdrawal and

(CHENTAEN To support this water resource management

[T El Rl doal, the DRBC studies water use and plans
T by for future water availability in the DRB.

» Water Charging Program ( (

(1_990_' cEMN 1 October 2021, the DRBC published a new report titled Water Withdrawal and
CERUERLIGITELN  consumptive Use Estimates for the Delaware River Basin (1990-2017) with Projections
PIIIN through 2060. The report analyzes 30 years of historic withdrawal data and projects

Download high resolution maps
from the report

withdrawal demands to the year 2060.

Report 2021-4

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

Report Goals:

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

* 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

Interact with the Power Bl data
visualization tool

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 @ 101 Hierarchical ti... [} 3.2 Ordinary LeastS.. @ NIST/SEMATECHe-.. &% 10.7: Estimat

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).

Getting started ()
Click a vear to uodate
. then ¢ 5 ole
... & Year
(wmer withdrawals from the Delaware River Basin (historical & projected) X |
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https://www.nj.gov/drbc/programs/supply/use-demand-projections2060.html
https://www.nj.gov/drbc/programs/supply/use-demand-projections2060.html

6. Questions

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

. \ Chad Pindar, P.E.

Manager — Water Resource Planning Section

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