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Scope of Work (for this project)
= Seasonality highlight

5. Progress Updates:

Spatial scale: (modified HUC-12)

= Adding data: How +20 years of data changes the
results of Sloto & Buxton 2006

=  Baseflow recurrence: Moving from empirical
estimates of baseflow to theoretical distributions

=  Drought of Record: estimates in terms of baseflow
recurrence intervals
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Groundwater baseflow

Baseflow Separation
Bush Kill at Shoemakers, PA
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Groundwater availability

“Regular” groundwater flow
(e.g. every other year)
“Normal” groundwater levels
2-year recurrence interval

Look at a

cross-section \
\ 6Groundwater —Y - Water table

“baseflow" / \

to the stream )

_

>

“Dry” conditions

(e.g. once every 25 years)
Lower groundwater
25-year recurrence interval

Effect on local water table of pumping
a well. Adopted from the 1960

USGS report “A Primer on Water”.
(Leopold & Langbein, 1960)

“Very Dry” conditions

(e.g. once every 50 years)
Annual Annual net GW withdrawal (MG) Even lower groundwater

Groundwater = 50-year recurrence interval
. s Annual baseflow (MG Y
availability (MG)
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Baseflow Separation

Stream groundwater baseflow over time %:“t"‘dv*p "\L}l}“‘-j‘ Bush Kill at Shoemakers, PA
Annual | pithdraws ‘E fg T eva020
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(e ’ plrlca l) Weibull pIOttmg pOSItIOﬂZ Pi = n+1 for the i" ranked observation, given n
total observations.
44
P; = = 0.389
112+1
Where T is the recurrence interval (in
) 1 years) for a specific baseflow, and P is
Recurrence interval: T =— the probability that this baseflow value
P will not be exceeded in a given year.
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0.389 UNITED STATES OF AMERICA
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T Annual baseflow (MG)
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(at 25-year and 50-year RI)
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Intervals
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Recurrence interval curve
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2. Sloto & Buxton, 2006

(Estimated Groundwater Availability in the Delaware River Basin, 1997-2000)




Estimation Methods

e APPALACHIAN HIGHLANDS (method #1)

grouped fractured
rock into 14 generalized groups

Empirically calculate baseflow recurrence

intervals for each rock type

Estimate baseflow recurrence intervals
for watersheds based on “weighted
geologic index”

e ATLANTIC COASTAL PLAIN (method #2)

Reference surficial geology & land use

Empirically calculate baseflow recurrence
intervals for each combination

Estimate baseflow recurrence intervals
for watersheds based on weighted

e

Atlantic
Coastal
Plain

e

EXPLANATION

I:l Unconsolidated sediments

- Trizssic sandstone of the Newark-Gettysburg
Section of the Fiedmont Physicgraphic Province

Trizssic shale and Jurassic Sabase of the
Newark-Gettysburg S=cton of the Piedmont
Physiographic Proviece

pian 2ned Pennsylvanian clasfc rocks

o the Anthracibe Section of the Ridge and
Veliey Physicgraptic Province

Dewonizm clastic rocks of the westeen part of

the Southens New York Section of the Appalachisn

Flatesus Physiographic Province

Dewvonizm clastic rocks of the sastem part of

the Southem New York Section of the Appalachian

Flatesus Physiographic Province

Deswonien olastic moks of the Catskil Mountains

Section of the Appalachism Plateaus
Fhysiographic Provinoe

Devonien clastic moks of the Glacisted Low
Flatesu Section of the Apmalachizan Plateaus
Physiographic Province

Deswoniam olestic rocks of the Blacisted Pocono

Fletesu Section of the Appalachian Plateaus
Physiographic Proviece

Devwonizm clestic rocks of the Blue Mountzin
|:| Section of the Appalachion Plat=aus
Physiographic Proviece

Sikerian clasfic rocks of the Blue Mountain
Section of the Ridge and Valley
Physiographic Proviece

Dedowician clas$ic rocks of the Ridge
I:l snd Walley Physiographic Province

Cambrian amd Ordovician carbonete
racks of the Hidge and Valley and Pisdmont
Physingraphic Provinoes

Precambrizn and Cambrizn crystaline
rocks of the Resding Frong Section of
the Mew England Prysiographio Provinos

- Frecambrian to Drdovician crystaline rocks
of the Piedmant Physiographic Provinoe

Uthodogy trom Ealmer and Des (1995),

Birg and others {1820}, Drake and athers [199E]
Rsner and others (1870, 19700, 1970C],

Higgins and Conant (1830), Plank and others (2000],

Ramssy [2008), and Shoto {1954)

average of classification

III] lII] i LES’j\ %<

I DELAWARE NEW JERSEY
3:' MKILDMEI-EI]’I\\\\[\\\\\ NEW YORK

UNITED STATES OF AMERICA

Delaware River Basin Commission

1 ]
Bazz from LLE. Beclogical Survey digial deta, 1972, 1:2.000,000 Albers Equal-Ares
Camic Projection. Standerd parallels 39°30N, central meridies TS2007W. 11




Example baseflow estimation

Average annual baseflow-recurrence values for generalized

Table 3. Potential index streamflow-gaging stations draining fractured rocks in the Delaware River Basin. Streamflow data fractured rock types in the Delaware River Basin 1 4 Catego I’IeS
. 1 3 B
[USGS, U.S. Geological Survey] throu gh 2001 Generalized Litholo
USGS station Drainage area 124 9y
number Station name (square miles) Period of record ’ - gzezﬁgﬂ'i{;gii‘f:gfs’ Catskill Mountains Section,
01479000 ‘White Clay Creek near Newark, Del. 80.1 1932-35, 1944-56, 1960-2001 | 1.1 Appalachian Plateaus, Eastern part of the Southern
01480000 Red Clay Creck at Wooddale, Del. 47.0 1944-2001 New York Section, Devonian clastic rocks
01480300 West Branch Brandvwine Creck near Honey Brook. Pa. 18.7 196 101 o Appalachian Plateaus, Glaciated Low Plateau
Section, Devonian clastic rocks
060 ' ' ' ' - Appglachian Plgteaus, Glaciated Pocono Plateau
w —=— West Branch Brandywine Creek at Honey Brook, Pa. 0.91 Section, Devonian clastic rocks
S st —=— Red Clay Creek at Woodale, Del. il O _e— Appalachian Plateaus, Western part of the Southern
W —o— White Clay Creek near Newark, Del. S 0.8 New York Section, Devonian clastic rocks
é | ——— Average curve for the Precambrian to Ordovician crystalline E New Englar_Id, Reading Prong Section, Precambrian
rn/:: 050 | rocks of the Piedmont Upland Section of the Piedmont E O 0.7 and Gambrian arystalline rocks
i Physiographic Province Piedmont, Gettysburg-Newark Lowland Section,
= = —A
% ~ Triassic sandstone
2 045 N 2 064 Piedmont, Gettysburg-Newark Lowland Section
ﬁ Ave ra ge be comes % A Triassic shale and Jurassic diabase
v . " . .
S owf recurrence interval \g - Fiedmont, Piedmont Upland & Pedmont Lowiand
3 curve ’ A Piedmont, Piedmont Upland Section, Precambrian to
3 035 L i 0.4 Ordovician crystalline rocks
g \ d5e an Y
] L\ i
z 0.3 ——— clastic rocks
= 030 |- R =+ Ridge and Valley, Anthracite Valley Section,
g 0.2 Mississippian and Pennsylvanian clastic rocks
‘u';’ . Ridge and Valley, Blue Mountain Section, Devonian
< 025 - 1 clastic rocks
0.11 Ridge and Valley, Great Valley Section, Ordovician
clastic rocks
020 I I I | | | | I I I I I
0 5 10 15 20 25 30 35 40 45 50 55 60 65 0.0
RECURRENCE INTERVAL, IN YEARS CI> (‘3 ('3 c'> (ID ('3
-~ N @ < v
Figure 7. Base-flow-frequency curves for streamflow-gaging stations in the Precambrian to Ordivician crystalline rocks of the Return Interval (in Years)

Piedmont Upland Section of the Piedmont Physiographic Province.

1. Use streamflow data from these gages _
2. Separate baseflow (HYSEP Loc-min method) /‘f?\/j\\(

Delaware River Basin Commission

3. calculate recurrence intervals to represent this rock type

UNITED STATES OF AMERICA
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La 5 T4

EXPLANATION

WATEREHED AND IDENTIFICATION
NUMBER- Prefx DB is omitted

EQLUAL TO'OR GREATER THAM 100 PERCENT USE
OF AVAILASLE GROUMND WATER

Results R——

PEMNSYLVANIA

e Calculated 2-, 5-, 10-, 25-, and 50-year
recurrence interval baseflow values for
147 sub-watersheds in the Basin

I:l EQUAL TO'OR GREATER THAMN 75 AND LESS THAN
100 PERCENT USE OF AVAILABLE GROUND \WATER

EQUAL TO'OR GREATER THAM 50 AND LESS THAN
75 PERCENT USE OF AVAILABLE GRDUND WATER

e

Quarry dewatering was tricky in terms of
“net” withdrawal, as much goes back into
stream

EQUAL TO'OR GREATER THAM 25 AND LESS THAN
50 PERCENT USE OF AVAILABLE GRDUND WATER

LESS THAM 25 PERCENT USE OF AVAILABLE
GROUND WATER

20 40 MILES
I : I I
mn 40 KILDMETERS

(= =]

Withdrawal from confined aquifers should
not be considered in availability screening -
{e]o]|

MNEW JERSEY WATER
SUPPLY CRITICAL

! i il » %K\—

Bzse from 1.5, Geological Survey digitsl dats, 1972, 1:2.000,000 Albers Equal-Area Delaware River Basin Commission
Conic Projecion. Standsm paraliels 25°30°N, cantral mefdian TE=007W DELAWARE NEW JERSE

Figure 37. Percant of ground-water use for Bl-year annual base-flow racurrenca. 13



3. DRBC, 2022

Estimated Groundwater Availability in the Delaware River Basin 2020-2060




DRBC used this tool...

DB-067 (net groundwater withdrawals) %k %k e 1 T
14000 1 —Historical data  Projection—~ Th IS IS a Scree n I ng tOOI
: Withdrawal Secter
130001 Baseflow Values from I'hgrmciele;qtrigPower - 2020 P . y
: roslectric Power rojected: 5,558 MGD/mi+ _
12000{ Sloto & Buxton, 2006; " Sior J /1" = 51% use
. Industrial )
e NN R | !
10000 1 ¥ Public Water Supply 2060 PrOJeCted 5,373 MGD/m| - 50% use
-~ 9000 {50-vearRI (8,264 MGY) _ _____________ E_V;[u_a;ig;];)z)i_n_t_ i
O 50001 ; (2060 upper PI) 2060 Upper PI: 7,319 MGD/mi?
< 8000 : ’ — (o)
3 ictive Interval 69 A) use
z 70001 : 96% Pre
© : 80% Predictive Interval -
2 6000
E Projected Value p—
50001 2020 Projected: 5,558 MGD/mi? _ 60% use
40001 50-year Rl Baseflow: 9,264 MGD/mi?
3000 Evaluation point Evaluation point . . )
(2020 projected) (2060 projected) 2060 PrOJeCted' 51373 MGD/mI — 58% use
2000 50-year Rl Baseflow: 9,264 MGD/mi?
1000
2060 Upper PI: 7,319 MGD/mi?
J e 0000 PP [0~ 79% use”
1980 1990 2000 2010 2020 2030 2040 2050 2060 50-year Rl Baseflow: 9,264 MGD/mi Delaware Rver Bin Commision
Date (Year) — PENNSYLVANIA o NEW YORK
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but also came up with some questions.

DB-067 (net groundwater withdrawals)

** This is a screening tool

14000 1 ~Historical data  Projection—~
: Withdrawal Sector
130001 V Thermoelectric Power B . H
Baseflow valuss from 5 i ot 2020 Projected: 5,558 MGD/mi” _ 51
120001 Sloto & Buxton, 2006: Inigation - o US€E

Industrial
11000 Qut-of-Basin Diversion
25-year RI (10,640 MGY) I Self-Supplied Domestic

""""" w Pusicwater Suppy e [ 2060 Projected: 5,373 MGD/mi® _ 50%

10000 1

use

9000 1 50-year Rl (8,264 MGY) Evaluation point

E (2080 upper 1) 2060 Upper P!: 7,319 MGD/mi? _ £q

i \
95% predictive \nterva

% use

Withdrawal (MGY)

7000
80% Predictive Interval -
6000
Projected Value p—
50001 2020 Projected: 5,558 MGD/mi? 60%
- o= use
+o00] 50-year Rl Baseflow: 9,264 MGD/mi2 0
] Evaluation point Evaluation point . .
o (2020 projected) (2060 projected) 2060 PrOJeCted: 5/373 MGD/m|2 — 58% use
20009 50-year Rl Baseflow: 9,264 MGD/mi?
10001
2060 Upper PI: 7,319 MGD/mi? _
G0 im0 m® W M w0 w0 Mw e 50-year Rl Baseflow: 9,264 MGD/mi? - 79?@?m
Date (Year) — PENNSYLVANIA o NEW YORK
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Annual average groundwater baseflow (MGD/ mi2)

2.0
1.91
1.81
1.7 1
1.61
1.51
1.4 1
1.31
1.21
1.1
1.01
0.9 1
0.8 1
0.7 1
0.6 1
0.51
0.4 -
0.3 1
0.2 1
0.1
0.0

1. Would adding new data change the tool?

Data used in NEW
Sloto & Buxton, 2006 DATA!

Stream groundwater baseflow ovr time

A

1900

1925 1950 1975 2000
Year

2025

BASE FLOW, IN MILLION GALLONS PER DAY PER SQUARE MILE

Would adding 20+ years of data change the
results of Sloto & Buxton, 2006 — using the
same empirical methods?

0.60

—+&— Woest Branch Brandywine Creek at Honey Brook, Pa.

—=A— Red Clay Creek at Woodale, Del.

—s— White Clay Creek near Newark, Del.

——— Average curve for the Precambrian to Ordovician crystalline
rocks of the Piedmont Upland Section of the Piedmont
Physiographic Province

0.55 -

0.50 |

0.45 -

040 |

This becomes n+20 ....

|_This adjusts
accordingly...

0.35 - _
5 Does the shape of
030 L these curves change? |
0.25 - g
020 | | | | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50 b5 60

RECURRENCE INTERVAL, IN YEARS

65Delaware River Basin Commission
DELAWARE NEW JERSEY
PENNSYLVANIA o NEW YORK
UNITED STATES OF AMERICA
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2. Would modelling probability change results?

Would the results have more longevity?

Would adding 20+ years of data result in less

Data used in NEW change over time if modelled?

Sloto & Buxton, 2006 DATA!

Stream groundwater baseflow over time Probability distribution

_ A A a N
3 N oo
L 1 1 L L

N
o
L

1.5' - . : V[
1.4 1 | L I -

o
|
[ ——

o
Frequency (no. years)
S

Annual average groundwater baseflow (MGD/ mi2)

0.4 5 i

0.3

0.11 -| | ™) p rd

oo AU || o= ; : (L3S
1900 1925 1950 1975 2000 2025 D)elaw\are ?{wer Basin Commission

Year Annual average groundwater baseflow (MGD/mi?)




Annual average groundwater baseflow (MGD/mi?)

3. Does a 50-year baseflow recurrence interval

represent the Drought of Record?

Recurrence interval curve

This pointis the

2.0
1.9
1.81
1.7 1
1.6
1.51
1.4 1
1.3 1
1.2 1
1.1
1.01
0.91
0.81
0.7 1
0.6 1
0.54
0.4 -
0.3
0.2
0.1 1

0.0+

A 1439500 (Bush Kill at Shoemakers, PA)
Emplrlcall)/’ Baseflow separatigh: HYSEP Local Minimum
1 Frobability distrfbution: Log-Normal
T; = ———==113years 1000
)
Drought of record
11241 (1961-1967) —p

the year 1965!

baseflow during

1001
RI-50

RI-25

101

Log-Normal Recurrence Interval (Years)

T
o
~—

Recurrence interval (years)

o
o

S
900 A
1900
1910
1920
1930
1940
1950
1960
1970

Year

Modelled, T; = 325 years

1980 1

1990 1

2000 1

20101

2020

2030+

Figure 5: The recurrence
intervals associated with the
annual average baseflows
calculated using HYSEP-
LocMin for USGS Site Number
01439500 (Bush Kill at
Shoemakers, PA), based on
the fitted Log-Normal
distributiominy/Feue & <«
-y

Delaware River Basin Commission

DELAWARE NEW JERSEY
PENNSYLVANIA NEW YORK
UNITED STATES OF AMERICA
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4. Would considering
the season provide a

more conservative
screening tool?

New Jersey’s LFM

1.81
1.7
161
1.6
141
1.5
1.2
1.11
104
0.81
0.8
0.7
061
0.5
0,41
0.3
0.21

Baseflow (MGD/ M)

01439500 (Bush Kill at Shoemakers, PA)

4
N
o Y
I 1
|'I I'.
i '|I
I.' |I‘I
PR
I — \ \
/ / N
\ 1.
LI
7 L
a —— )
el I_.l'r - "\_\_‘ e f'l.‘
¥ = Y
AT
1'\. b .'\'.
R Y -'\._
. % .
- Misdian Sapt Fiow N
&
Low Fiow Mangin Ha,
L

Retun Interval
- Jmar

E ] Figure 33: A comparizon of
Fi manthly baseflow recumrence
i infervals compared fo annual
f recurrence infervals for USGS
¥ Site Number 01433500 (Bush
» Kill at Shoemakers, PA). The
/ . annual recurrence intervals
4 calewlated Figure 48 are
o shown az horizontal ines. To
demonzirate how baseflows
o vary seazonally, dafa are
—a—— 8 grouped by the recurrence

Maonth

Public Water Supply Groundwater Withdrawals

inferval frequency.

emberg

Segh

Lower flows, but

L]

Mumits apRieim = it
Sahae] Mo = Jduky
Sabaci ma PF (| = 1130
Seiatt mo PF (PT5) = 1241
Select mo PR (1.570R) = 154
Geiact ma PR (P33 » 1.300

higher demand!

Peaking Factor
B B

04

n2

0.0

= ==

| [ ]
[ ] | H

e =

e

Figure 40: Monthiy peaking
factors for public water supply

T ¥ F 2 = 5 3
& E = -
* @

Month

' sysfems in the Delaware River
Bazin. Thiz dafa considers
294 zysfems that withdrawal
groundwafer, based on dafa
uszed in developing the
projections provided in
: Thomi@a \/ﬁ?/.?‘\ <
E g ] ] ] »
= o F=} O a
= E E E E Delaware River Basin Commission
ey -’.- o :t é DELAWARE NEW JERSEY
IE = ol PENNSYLVANIA NEW YORK
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4. Scope of Work (for this project

e e o =
e T ———

-
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b £ > g

- A
Delaware River Basin Commission!
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Scope of work

re-assess the groundwater baseflow recurrence intervals with up to 20 years of
e additional hydrologic data;

use an ensemble of baseflow separation algorithms for hydrograph analysis
(e.g., USGS GW-Toolbox);

HTH
H—TH
HIH

estimate recurrence intervals based on modelled distributions,
assess estimates during the Drought of Record,;

7 use an alternative method to correlate groundwater baseflow recurrence intervals to
== un-gaged subwatersheds;
; assess additional geographic scales;
e
[] . . . ;l ;:/—/\\(
Y| assess temporalresolution (i.e. seasonality).
viES

22
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use an ensemble of baseflow separation algorithms for hydrograph analysis (e.g.,

USGS GW-Toolbox);

2-year recunience average annual S-year recunrence average annual | 10-year recunrence average annual | 25-year recunience average annual | 50-year recurrence average annual
base flow [million gallons per day per | base flow (million gallons per day per | base flow (million gallons per day per | base flow (million gallons per day per | base flow [million gallons per day per
Record | USGS square mile] square mile) square mile) square mile) square mile]
Ne. station Station name Drainage firea
ormibeD Spatial ] Spatial ) Spatial g Spatial : Spatial )
Hydragraph | JPS Difference |Hydrograph |5 Difference |Hydrograph | P Difference  [Hydrograph |55 Difference | Hydrograph |- Difference
separation A:;ysis [percent] separation n::wsis [percent] separation A::I’sis [percent] separation A::Iysis [percent] separation A:;ysis [percent]
(TSEER 1 Dizlaw are Fiiver =t Margarstuille, L7 0745 (ST ] - ET (ETT 0456 =5 0408 S5 0d57 (E3E] BT &3
3 414000 Platte Kill at Dunrave 61 "6E3 "z 520 "547 "3z 15 L —— - — 1 R 7404 .z - 7375 - 4.4
01414500 Mill Brock near Dunraven, M. = ek [ 741 574 254 [ 51 TEN ] 7404 "33 252
h 1415000 Tremper Kill near Andes, M. E54 " 1 (533 i=n fs [as7 "ag3 "a04 fars —m——— T2 | 33.2
5 15500 Terry Clave Kill near Pepactan, b 770 "BET 1ld - = k] &G a3z 403 - ric) - [ s
0418500 Breaver Kill at Craigis Clair, 1. 62 7753 244 [716 i (577 T523 "445 - 423 - 5.9
01413500 llew emes Creek near Livingzton Manar ALY, 323 T80 ~20.0 [ 704 " 603 155
3 01420000 Litle Beaver Kill near Livingston Manor, M. 780z (574 "E33 53
B 01420500 Beaver Kill at Cooks Falls, hLY 305 (723 "S55 14
5 : Py o F - v
] Q21300 st Branch Delaw are Fiver upstieam From D, 1 672 503 7545 o 2 yea[ rIecurre
il OMRZ000  west Branch Delaw are River at Delhi, 1. 555 413 545 216
iz D1gzz Little Delaw are Fiver near Delbi, 17 [[Ee0 (532 "5dE "6 =1z
ha TI4ZA0010_ Trowe Creek near Trout Creek, B [ saa " 54 211 h-EEE' "ﬂ' [ml 1a
4 1424500 wt Creek st Cannansville, 1Y, [e32 "Ea7 53 "545
fis 1426000 Dquigs Creek at Deposit, MY [ a7 "70s 308 426 UEEE L
I TMZTE00  CalicoonSeeek 2t Callicoon, MY, I3E] "0.653 "4.0 fo.am FI d q
7 TUZA000 Termike Fiverst Tusten, BLY. 533 "57T GE| 403 e o tati 5 tati
he TH4FTE00 Neversink Fiiver MSgdeffiay, LY. Fsas 705 a4 a7z "563 e SLalnon allon name
E] 433500 Bush Kill at Shoemaksrs Pa. [&7s ne63 07 == B34 0.3 Hu_ h
o 01440000 Flat Brook near Flatbrookeite H.J [70z "T15 "E (576 "S54 "4
1 01440400 Brodhead Creek near Analomink, Pa. 730 "aT2 a3 (577 " 634 2.5 number Sp A
b2 0441000 McMichaels Creek at Stroudsburg, R, 205 = 33 £l " 660 7
3 01442500 Brodhead Creek atMinisink Hils, Pa 2] "853 23 [Eas ETT "d.4 H H d' Dg ra Ph
P4 1445500 Pequest River at Pequest, hl.J [E74 "EET 10 553 "5z "E55 N n al
Eg 'gmgggg Eea_uer Bk near Bickidere, M1 [[62s 60z okl [473 a1 4 separ ation
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=l 01447720 Tabyharna Cresk near Blakesles, Pa. =) Sk (720 "1za Rz 4
il 01448000 Lehigh River 2t Tannerny. Pa "ET3 [ 70 "TI5 2.4
ks 01443360 Pohopace Creek at Hresgeville, Pa. 238 [ 761 673 2.3 . .
" b b , .
[
E0 TIHSIOOD  Pohopoon Creek nest Pl P [r22 s e o (] 01413500 East Branch Delaw are River at Margaretuille, .Y, 0B
I31 01450500 Aquashicola Creek at Palmerton, Pa 0510 0640 0633 11 - -
B2 0451500 Litde Lehigh Creek near Allentown, Pa 625 [ 460 "523 " . 'Y
k] MMS1B00 Jarden Creek near Schnecksville, Pa. & 435 "435 0.0 2 D.Iq'.lq'l:":”:l F'I-EU:E' I{Ill at DL-II'ITE'-'E'I'I_. |"-.|"|" EE-;
[a fM452500  Monocacy Cresk at Bethlahem, Pa. [z EES 490 .3 3 r|:|'|r.‘|.'||'.‘|.5|:||:| M " E I{ D H "T" r ?2
IS fM456000  Musconetcong River near Hackettstawn, B [a13 [ 525 " 5R1 s 1 L
ke 0457000 Musconetcong River near Bloomsbur, H.J, 310 . [ 651 "546 G I rook near Lunraven, M. :
7 01453500 Tohicken Creek near Pipersville, Pa. 253 3] 8.9 &l "243 "BS F . r
& 01460000 Tohickon Creek =t Point Pleasant, Pa. 335 "313 68 . "249 i 4 |:|'|I'-'|-'|5|:||:||:| Tremper HI" near ||:'||-I|:|E'5_. |"-.|'T' EEE
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ko 067500 Schuslkil Fiver st Pottsvils, Pa. a3t "ats GE| (577 "7 4.3 H -
k1 468500 Sehuylkil River 2t Landingville, Pa. [993 Tam a7 (736 GEH 53 5 I:I.Iq'.ISSDD TE'”!?'I I:II:"'IE HI" rear F'E'F‘-ED':DI-I_. N"T-l EE
ke "04707SE  Maiden Creek at Virginwille, P2 606 " 545 101 [as7 " 0z F . .. . r -
] TOMTO0TTS Tulpehocken Creek near Bermuile, Pa. [ 756 "BES 8.7 (522 "505 TznE E |:|1I'-1-185|:||:| EE"E'-'E'T I{l" at ETEIQIE' |:|.a|[__ N.__I__. _|"5.h
k4 047000 Tulpshocken Creek near Feading, Pa. 4 "535 135 434 "478 "33 r r
ks 471380 Manatawny Cresk near Pottstown, Pa. [s67 BT ME [as0 "5 1 H .
ke 4vzIET French Creek nesr Phoeninwile, Pa [0 566 0.523 13 0,463 "0 331 "R _|l| I:I.Iq'.ISSl:":I IIl'llllll':"l'l' emoc I:TE"E'I{ near LI'-'II'IQStDI'I MEI-IDT_. N'-Tll ?E[
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E2 01475850 Crum Creek near Mewtown Square, Pa. 567 "523 a1 (477 "330 201 [ 421 T30 242 - "283 - - "2 - 5.3 b : S
3 147000 ‘white Clay Cresk near Mewsrk, Del. [=17 "534 3.2 (373 7338 5.5 [ 305 "33T 0.0 [ 272 "z31 5.7 255 "zTs 5 83.1 Delaware River Basin Commission
Ea fM4E0000  Red Clay Creek at Wonddale, Ol [5dd F535 7 (410 F333 2T =60 ek "B &l == "4 73z rvs %] 47 DELAWARE NEW JERSEY
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use an ensemble of baseflow separation algorithms for hydrograph analysis (e.g.,
E E USGS GW-Toolbox);

N —————

aUSGS

science for a changing world

‘Water Availability and Use Science Program

U.S. Geological Survey Hydrologic Toolbox—A Graphical and
Mapping Interface for Analysis of Hydrologic Data

g::ﬁﬂm,ﬂmmgesm Hydrologic Cycle E USGS Hydrologic Toolbox - DRB.dspx Q{ CAUSGS-HydrologicToolbox\DotSpatial\HydrologicToolbox_v1.0.0\data\DRB\Batch_TestSB.. — O X
Beok 4. Hydrologlc Analystz s inteptetsd File Project Data Time-Series Tools GW Tools SW Tools Help File Edit Search View Encoding Language Settings Tools Macre Run  Plugins Window 7 + W
di @ E @ = U ) . !
DRAAANOIRO[AT T ;OHER LA {hkideinglex|BE=1EEEDD
5 & [Map Layers =l Batch_TestsB2006.xt E:I|
1 GLCOBAL
2 STARTDATE  1880/01/01
= ENDDATE 2025/12/31
4 BFMethod ERRT
E Base-Flow Analysis: Batch Run - a 5 BFMethod HYFK
[ BFMethod HYLM
Batch Run Corfiguration File:  rologic Toolhox_v1.0.0'data\DRE'\Batch_TestSB2006 ta Browse Do Batch Ru| 7 BFMethod HYSL
| 8 BFMethod BFIS
Techniques and Methods 4-D3 —r k| 9 EFMethod BFIM
10 BFMethod DF1Pp
11 BFMethod DF2P
\LS: Depérastofhe Inuren 12 BFI_TurnPtFrac 0.5
TS Gasieges e 13 BFI_NDayScreen 5
‘é 14 BFI RecessConat 0.37513
15 BFI_Reportby CY
16 Reportby Calendar
17 FullSpanDuration NO
18 RET.OWNET T+a2+ 1 925

length: 1,760 lines Ln:6 Col:17 Pos:%4 Windows (CRLF)  UTF-8 INS

— ——
* USGS Hydrologic Toolbox > GW Tools > Baseflow Separation fm

DELAWARE NEW JERSEY

* Ranall57 gages used in Sloto & Buxton, 2006 using multiple separation methods
25




re-assess the groundwater baseflow recurrence intervals with up to 20 years of

additional hydrologic data;

BF Sep. Method: HYSEP Loc-Min BF Sep. Method: HYSEP Loc-Min

Rl Calculation: Empirical Rl Calculation: Empirical
Data Start: Sloto & Buxton, 2006 Data Start: Sloto & Buxton, 2006
Data End: Sloto & Buxton, 2006 Data End: 2024
35% 35%
30% *Removed 1 gage from 30% o .
Ny this plot which had high y o
25% | error, hence n=56 2o%
20% 20% o
4]
15% 15% § T
10% 10% T T T
5% 5% b X X X
© T
0% | £ 0% mE _L L
¥, H % + ﬁ_— .
-5% _5o¢ L
-10% -10% e
Leo, n=56 n=56 n=56 n=50 n=19 . n=31 n=31 n=31 n=27 n=16
Rl-2 RI-5 RI-10 RI-25 RI-50 RI-2 RI-5 RI-10 RI-25 RI-50
Conclusions: _ -
1. Adding new data results in significant change in baseflow estimates at all recurrence intervals s % sy

Delaware River Basin Commission

DELAWARE NEW JERSEY
PENNSYLVANIA NEW YORK
UNITED STATES OF AMERICA
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estimate recurrence intervals based on modelled distributions,

BF Sep. Method: HYSEP Loc-Min

BF Sep. Method: HYSEP Loc-Min

Rl Calculation: Log-Normal Rl Calculation: Log-Normal
Data Start: Sloto & Buxton, 2006 Data Start: Sloto & Buxton, 2006
Data End: Sloto & Buxton, 2006 Data End: 2024

35% 35%

30% 30%

[#]
25% = o 25%
o

20% o 20%

15% T 15% @

10% @ g T % 10% @ a

5% | 1 X 5% é @ %
e
0% | 1 X - o 0% | L -

-5% l 1 l -5% 0
-10% -10%
-15% -15%

RI-2 RI-5 RI-10 RI-25 RI-50 RI-2 RI-5 RI-10 RI-25 RI-50
Conclusions:

1. Using same data at Sloto & Buxton: Calculating the return interval baseflow using modelled Log-Normal distribution ;// ;CB/?\<

shows significant changes, especially at the extremes of the distribution
2. Adding new data to log-normal distributions dampens the change in calculated baseflows

UNITED STATES OF AMERICA
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assess estimates during the Drought of Record,;

Log-Normal Distribution Method
Record . Drainage |Period of Years of |Baseflow Separation
Site No. Mame 1961 1962 1963 1964 1965 1966 1967
No. Area (mi’) |Record data Method
PART 114 164 438 201 2,954 307 117
HySEP-Fixed 104 152 430 178 2,328 235 105
HySEP-LocMin 54 120 5839 166 3,609 191 99
15 01439500 | Bush Kill at Shoemakers, Pa. 117 1505-2024  |116 HySEP-Slide 105 154 468 212 2,639 259 108
BFIStandard 77 24 189 234 669 123 75
BFIModified 79 B84 181 225 1,072 127 76|
BFLOW 106 157 551 209 2,603 257 105
Conclusions:

1. Itis likely that the DRBC specified “Drought of Record” is characterized by flows less-frequent
than a 1-in-50 year flow

2. Assessing GW availability using a 1-in-50 year flow may not be conservative enough for
planning purposes

3. Baseflow separation methods fed into a modelled distribution yield a range of values

4. The distribution “tail” may result in very high recurrence intervals (e.g. thousands of years) - PP L
likely needs to be dealt with in a more realistic manner e

PENNSYLVANIA NEW YORK
UNITED STATES OF AMERICA
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use an alternative method to correlate groundwater baseflow recurrence intervals to
un-gaged subwatersheds;

Instead of.... We will try...

0.3 N _ O &

+0.4Rl,, ©+ YA +

Ordovician clastic rocks of the Ridge and Valley
Physiographic Province

Cambrian and Ordovician carbonate rocks of the + O R 3
Ridge and Valley and Piedmont Physiographic
Province < v x| [Elvp X B
Watershed RI.; -
Precambrian and Cambrian crystalline rocks of Drawing Order

the Reading Prong Section of the New England
Physiographic Province

Working on
data gathering.
~ Focus on

GAGES-II
reference sites.

A “geologic index” approach with discrete estimates
for each return interval

Multi-variate regression to model the distribution (IS

Delaware River Basin Commission

parameters DELAWARE NEW JERSEY

PENNSYLVANIA NEW YORK
UNITED STATES OF AMERICA
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assess additional geographic scales;

asic steps:
Start by using USGS WBD HUC-12

Add in River & Bay as polygons
Split HUC-12 around river

Contents

Y |Seam’1
=0/ HO

Drawing Order

B wmap
b [ drb147
b [] NHDArea_Clipl
b [] NHDArea
b [] Gages

4[] NHD
4[] NHDplus_V2_MNetworkFlowlines

4 [J] NHD_DelRiv
Class
I:l Delaware River
I:l Island
el MNHD_DelBay

Class

l:l Delaware Bay
l:l Island

4[] NHDPlusGage BB
°
4[] WBD
b ] rivermile

b [] USGS_WBD_HUC12 DRB
4 /] WBD_HUC12_DRB_mod
Split

o

O

- <all other values>
b ] HUC12_BoundingBox
k] USGS_WBD_HUCE_DREB
b [] BoundingBox

b [¥] Base

[[] Werld Imagery

(SIS

Basin Commission

Delaware River|
DELAWARE NEW JERSEY
PENNSYLVAN|A o NEW YORK
UNITED STAT[ES OF AMERICA




01439500 (Bush Kill at Shoemakers, PA)

:6 ..r""ﬂ"x
%E? , — LY ~...\1
assess temporal resolution (i.e. seasonality). B DL
Public Water Supply Grundwater Withg
18 Selactmo. PF (P55} 130
Likely continue by defining a “season” to 5., =l
i 9 L . é - —
have “worst case” model. N=E=k
Not necessary to make a model for each 1t
month y
D2 ==
Ny PYPI RIS
- 4 = c 31



Centuries (A2

/[\ < €

Delaware River Basin Commission
DELAWARE e NEW JERS

ol - low hrwea—”"’
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Michael Thompson, P.E.
Senior Water Resource Engineer

Delaware River Basin Commission
E: Michael.Thompson@drbc.gov
P: (609) 883-9500 ext. 226

_ ‘C

Delaware River Basin Commission

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