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1. Publication & Data Deliverable

Report webpage:

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

fe-demand-projections2060.html

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

f()vears

usGs

You can:

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

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

Water Supply/

Project Review/ Flood Loss Hydrology/ 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* Consumptive Use: Water that is withdrawn/taken from the Basin, but not returned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 @ 10.1 Hierarchical ti...  [[f] 3.2 Ordinary LeastS.. @ NIST/SEMATECH e-.. &% 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).
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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
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Hoopes Reservoir in
- New Castle County, Delaware. -

edit: © Michael-Gati




2. 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



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.

&

(
ég , | I Apply GW results to the 147 sub-
/ wooo o
Represent each water use sector at the , watersheds (Sloto & Buxton, 2006) and the

Hapieile seale. sub-watersheds of SEPA-GWPA.

\.

-

Apply SW results at the source

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

wle
@

\.




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 fortemperature and historicwater
withdrawal data withdrawal data withdrawal data withdrawal data precipitation. withdrawal data

Delaware River Basin C i

DELAWARE e NEW JERSEY
PENNSYLVANIA e NEW YORK
UNITED STATES OF AMERICA




3. Methodology: A plan for projecting data?

@ Where do we start?

Time-series hierarchy

NOTE:

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

Aggregate to

Perform
projections here

results here

A

A

—
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(Source level).....cceeeevveeeeennenn.

[ Unassociated Systems ]

... all Associated

-
Level 1 Public Water Supply ]
(SECLON IEVEI) .. ettt et L
-
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(Regulatory level) Associated Systems ]
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l
| ( | A ( | )
Level 3 [ PWS System #1 ] PWS System #2 PWS System #3
(System level)......oooveeeeccieeecee e, | L ) L )
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Level 4
(Source-type level) [ Groundwater Surface water Groundwater Surface Water
Level 5

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

Level 6

[
[
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/

Systems

[ Groundwater ]

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

J

() )vears
» -

Delaware River Basin Commission
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https://otexts.com/fpp2/

3. Methodology: How do you aggregate projections?

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

7798 7844 7288
7894 11650
7912 7035

Total =

“Bottom-up approach”

[ PWS System #1 ] [ PWS System #2 ] [ PWS System #3 ]

1 1 A
) [ ) [ \

f11(x)+f12(x)+f13(x)+f14(x) f21(x) f31(x) + f32(x)
==a &3 @ @ @ @

'&gz

Do projections aggregate

years

1961-2021
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in @ manner consistent
with the time series?

Coherence
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3. Methodology: A plan for projecting data?

Example system name
wateruse DATD: 12345

The main model is based on extrapolating g, b gmie

State: DE, W1, WY or Fa

historic withdrawal data. e

Significant QAQC of historic data

gannc.
600+ Syste re po rtS § '%"“ﬁm"n - 0 Remaved: OAQC Incompiete

M—\ Misdal Rasulia
1000 _ ? (LA ,‘ T i Traderon insrval
= BU% Fradicton Interval
. et 5935 |
* 1,100+ equations
) + I ! e
)

Associated | Unassociated
Method : : Subtotal

GW | SW | GW | SW

neral _conspumtive use in
St ¥r.max
Mean Value 218 71 147 0 436 e o e e b
pefault sector cuR: 0.1
wanual speci fy CUR: WA
tarassurce: '
.
Exponential 72 17 36 0 125 st e o e e
||.¢m |m. |us:n |H.lf. |m |th:-d | - |£wu atian (¥- ...} |:"‘"5|mat|m
Source 5w 1732 DE-108 LOG znns 515 888) + (-70.599)*log{x} 68.245 calc. 0.100
. HisC = El CE-104 sz AV 2005 {295.031) + (0)*X 55.121 Default 0.100
OLS Llnear 83 11 11 0 105 HUC =] 1 D8-105 67 AVE 2005 (38.436) + (01*% 16.366 Default 0.100
Trarple tevt can be placed her » daring = =Taff review to Gorument why Decisions were made mg:-ﬂngm Final projecticns,
. . This report includes actual data for a public water supply system, althou 9~| some dal: for
Logarlthmlc 250 74 69 O 393 Confidentiality. The fystem has both groundwater and surface water sources. There iz an intercernection and therefare
service area demand 1z calculated. Data from the swkis water d'in included gra ph ny az well az a projecrisn
pruwdun d by the du foer holder. The selected projection prmnd u:m'l( of an adjusred startin yuar bazed an the
Tre storic dara. all gmumu mmmmm D10T WeThin SEPA-GMPA. and Tharefore the 147-cabRasin and Té-cubbasin
Other 62 48 4 0 114 S

1,173 6 [] years

1961-
* OLS = Ordinary Least Squares
* Associated means system operate above review thresholds and has allocation slavare &
hepart Compiled: 8/4/2021 4:19 P Page 1 of & ,'?F\Eh"g‘\‘,n\ \\.' L
regulatory approval.

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

Delaware River Basin
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Wing Dam on The Delawar
© James Loesch

Used with permission

Credit




Withdrawal (MGD)

Historic and projected water withdrawals from the Delaware River Basin
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Historic and projected consumptive water use in the Delaware River Basin
1200 1

—Historic data . Projection—

Withdrawal Sector

1100 1 : Out-of-Basin Diversion
. Thermoelectric Power
Hydroelectric Power

. B Other
1000 4 . Irrigation
. Mining
. ¥ Industrial
. B Self-Supplied Domestic
900 1 ] Public Water Supply (missing)
d B Public Water Supply
é‘ 8001 : Consumptive use projected to remain
S : relatively constant
Q
=] Largest consumptive use is Out-of-Basin
O 600
= 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
200- | : | | | increases related to projected changes in
: climatic variables

100 - s N . e
§ : : . : : : : Significant spatial variation in terms of both
0, — — — i e — ST withdrawal and consumptive use
1980 1990 2000 2010 2020 2030 2040 2050 2060

Date (Year)
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4. Results: Withdrawals and consumptive use in Delaware

.

Delaware Delaware
1500 T ' ~ -Historical data © Projection—
: ; ‘ : : e : Withdrawal Sector
1250_5_ 5 I Thermoelectric Power
; O 404 " Hydroelectric Power
— : ) : [ Other
a = : Irrigation
(M 1000 1 ‘q—; ; ~ Mining
= ] I Industrial
= ; 3 30 : " Out-of-Basin Diversion
T 7504 P : [ Self-Supplied Domestic
> 5 > | Public Water Supply (missing)
S ; 204 I Public Water Supply
i § S !
= 5001 = :
= g :
250 o 101
- years
0 0 0 1961-2021
1980 1990 2000 2010 2020 2030 2040 2050 2060 1980 1990 2000 2010 2020 2030 2040 2050 2060
YEAR YEAR
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The Delaware River flowing under the Benjamin Franklin
Bridge with the Philadelphia skyline behind.

Credit: © Chris Boswell

Used in accordance with license
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Raster analyses show 2010 population: ~8.252 MM people
« 1.146MM (~14%) reside outside services areas



Population (millions)

Delaware River Basin population estimate (2010) and projections
based on Hauer & CIESIN, 2021 (scenario SSP2)

10

State Projected populations were calculated by
91 “E"g applying the cou.nty-level annual percent
. () * changes determined from
M. Hauer & CIESIN, 2021 ; SSP2
tose ) Delaware
2.0
®] \ Relationship to public water
/ \ supply servie areas
*] Breakdown projections T 151 ) NEIE
N by state, county, S
service area, E
3] watershed boundary... 5107
©
2
2 Q.
\ S 051
1.
N SEE SRR ASEas EHH SRR 00t . [
1980 1990 2000 2010 2020 2030 2040 2050 2060 1980 1990 2000 2010 2020 2030 2040 2050 2060
Date (Year) Date (Year)

. S Kent New Castle Sussex Grand Total
SSP2 for Delaware prOjeCtS INSIDE | OUTSIDE | SUBTOTAL | %A | INSIDE | OUTSIDE | SUBTOTAL| %A | INSIDE | OUTSIDE | SUBTOTAL | %A | Population | %A

2010 |109,155 35,907 145,062 466,840 57,052 523,892 24,584 19,938 44,522 713,476

Contlnued pOpU|at|0n grOWth1 2020 |123,923 40,767 164,690 14%| 500,762 61,197 561,959| 7% 28,987 23,508 52,495 18% 779,144 9%
1 2030 | 136,101 44,772 180,873 10%| 526,705 64,367 591,072 5% 32,496 26,355 58,851 12% 830,796, 7%

at a d ecreaSI n g rate for al | 2040 | 146,997 48,357 195,354 8%| 545,859 66,707 612,566 4% 35,457 28,757 64,214 9% 872,134, 5%
Cou ntIeS 2050 |155,914 51,291 207,205 6%| 560,084 68,447 628,531 3% 37,768 30,631 68,399 7% 904,135 4%

" |2060 | 164,250 54,031 218,281  5%| 575,367 70,314 645,681 3% 39,691 32,191 71,882 5% 935,844 4%




PWS & SSD Withdrawal Projections (Delaware)

Outside Service Areas Inside Service Areas

Year Self-supplied PWS withdrawals (MGD)

Population | withdrawal Population GW | SW TOTAL
2010 112,897 9.032 600,579 22.992 32.031 55.022
2020 125,472 10.038 653,672 28.091 35.750 63.841
2030 135,494 10.840 695,302 29.167 34.602 63.769
2040 143,821 11.506 728,313 30.235 33.760 63.995
2050 150,369 12.030 753,766 31.301 33.093 64.394
2060 156,536 12.523 779,308 32.370 32.541 64.911

SSD withdrawals calculated based on per-
capita rates (1 number per state).
For Delaware we used 80 gpcd

All counties had the same growth trends.

Increasing population & public water supply
withdrawals are counter to Basin-wide
trends.

-

Basin wide PWS & population trend:

Populationiside

Public water supply

Year . .

service areas withdrawals (MGD)
2020 7,371,663 806.509
2060 7,803,099 776.505

o

Public water supply withdrawals from the Delaware River Basin
Projewtith comparisen i6s theniniBasimpoputatiolasin

11001
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5001

Withdrawal (MED)

3001
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100

0
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900 1 G!’
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1980 2000 2010
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Withdrawal (MGD)

Projected water withdrawals from the Delaware portion
of the Delaware River Basin compared to DE WSCC studies

100+ (No. Equations: 48) " Model completeness
" at 99% (2011)
90 1 -
80 1 @p f
DA :
70+ VS — o
@} ® o .
o
60 @ QP
~: @)
50 - :
40
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10 1
O-l L) ) ) L) ) L] L L
1980 1990 2000 2010 2020 2030 2040 2050 2060

Date (Year)

Legend
® \Withdrawal Data (DRBC)
— Aggregated Projection (DRBC)

95% Prediction Interval
80% Prediction Interval

Estimated DE WSCC Model

Standard projection
-©- Climate Change Scenario
- Standard w/ NNCC Extrapolated Trend



Agﬁiaa‘\l!mral groundwater.irrigation
near Harrington, Delaware.

. ‘j’CreﬂTt:\Q Daniel Laughman
Used With permission
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Precipitation (inches)

Avg. max. daily temperature (F)

Withdrawal (MGD)

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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PROJECT
W

CALIBRATE
o W, =a + BT,
i,j,t — Yj jlit

Constant Precipitation

Wije=a;+ BiTit + viPie + 0;5ij¢

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 | is either GW or SW

Ty = Seasonal average daily max temperature (°F) for subbasin i, at year t

Pi = Seasonal total precipitation (inches) for subbasin i, at year t

Sijit = The number of sources resulting in the annual withdrawal for W; 22



Projected irrigation water withdrawals from the Delaware River Basin states

Withdrawal (MGD)

Delaware New Jersey
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* Groundwater availability
* 147 HUC scale
+ SEPA GWPA scale

* Surface Water availability —

—

~——

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

Delaware River Basin Commission

DELAWARE . NEW JERSEY
PENNSYLVANIA o NEW YORK
UNITED STATES OF AMERICA




8. 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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