2(!

a USGS

anging world

Non-tidal network —
nutrient trend results

Robert M. Hirsch

Research Hydrologist
September 13, 2016

U.S. Department of the Interior
U.S. Geological Survey



Acknowledgements

°* Load and Trend Analysis Team Lead: Doug Moyer
Jeff Chanat Joel Blomquist Mike Mallonee
Gavin Yang Ken Hyer Many Others!!
Mike Langland Bob Hirsch

* Water-Quality Monitoring Partners

U.S. Environmental Protection Agency

NY State Dept. of Env. Conservation PA Dept. of Env. Protection
Susquehanna River Basin Comm. DC Dept. of the Environment
DE Dept. Natural Resources and Env. Control MD Dept. of Natural Resources
VA Dept. of Env. Quality WV Dept. of Env. Protection
U.S. Geological Survey (All Bay States) WV Dept. of Ag.

= USGS



Starts with water quality samples at
the 117-station nontidal network

At each station annually:
12 routine and 8 stormflow samples

- Total samples collected across NTN =
2,340 annually

- Plus dalily discharge data at all sites

-




Chesapeake Bay Nontidal

Chesapeake Bay Nontidal Network: Monitorin g Network
All Stations
“"”‘“\

e NTN Stations 4
NTN New Stations {i G How are nitrogen,
[ ] susquenanna phosphorus, and suspended-
e sediment loads responding
%;:‘;;:zm to restoration activities, and
: changes in land use, waste-
water treatment, population,

and other factors?

Focus here is on loads but
the same analysis method
can be applied to looking at
trends in concentration.
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Analysis Issues
* Highly related to streamflow and season
* Highly skewed
« Sometimes censored

« Assessements of progress can be easily
obscured by the random, but persistent,
patterns of wet and dry years

* | call this: “The thrill of victory, the
agony of defeat”
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Potomac River at Washington, DC Total Phosphorus
Water Year

Annual Flux Estimates
[

The thrill
of victory

-
>
—~——
(@)
X
©
o
—
=
X
=
LL




Look at the discharge record

Potomac River at Washington, DC FO ur d ry
Water Year
years

mean daily
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Potomac River at Washington, DC Total Phosphorus
Water Year

Annual Flux Estimates
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Potomac River at Washington, DC
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What’s my point here?

°* The history of loadings
to the ecologist trying to understand the
drivers of the receiving water body

°* But, Itis useful for assessing progress
In the watershed.

* We are smarter than Homer! We can deal
with the influence of flow.
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Analysis Issues

‘rends can be different across seasons

‘rends can be different across flows

Trends shouldn’t be restricted to be linear or
monotonic

We want a highly flexible model of how daily
concentration varies as a function of time,
discharge, and season
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Approach

°* Flexible statistical model to determine the
expected value of concentration for any possible
combination of date and discharge during the
period of record.

* E[flux] = E[Concentration] * Discharge

= USGS



Analysis method

« Uses Weighted Regressions on Time,
Discharge and Season (WRTDS) (Hirsch
and others, 2010)

« WRTDS bootstrap test for uncertainty
analysis (Hirsch and others, 2015)

 Softwareis open source, in R, the EGRET
package (Exploration and Graphics for
RiVEr Trends), available from CRAN
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Choptank River Near Greensboro, MD
Dissolved Orthophosphate, as P
Concentration versus Time
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WRTDS characterizes the evolving
relationship of concentration to season and
discharge

Choptank River Near Greensboro, MD Dissolved Orthophosphate, as P
Estimated Concentration Surface in Color
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Let’s zoom in on parts of this plot
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First 6 years of the model

Choptank River Near Greensboro, MD Dissolved Orthophosphate, as P
Estimated Concentration Surface in Color

10 —~ 0.12
5 1 0.10
5 i 0.08

0.06

y 0.04
0.02
| | | | 0.00

6 \.1987 1988 1989 1990 mg/L

=

7))
~—
o™

=

=

()

(@)]

| -

©
e
(@)
1)
)]

o o
N O

Two vertical lines at July 1985 and July 1990

ZUSGS



Last 6 years of the model

Choptank River Near Greensboro, MD Dissolved Orthophosphate, as P
Estimated Concentration Surface in Color
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Choptank River Near Greensboro, MD Dissolved Orthophosphate, as P
Estimated Concentration Surface in Color
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« Lots of detail. Can provide insights on . -
the nature of the change. .
« But we can also boil it down to a
history annual Ioad,_ npt inf!uenced by = _— = =
the year-to-year variations in flow
* Integrate this surface over the seasonal ¢, — ‘/ % %
frequency distribution of discharge. ) = || | T T
- We call the result the “Flow-normalized / R
annual flux.” J
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Choptank River Near Greensboro, MD Dissolved Orthophosphate, as P
Water Year

Flux Estimates (dots) & Flow Normalized Flux (line)
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Measures of uncertainty

Trend magnitude in Dissolved Orthophosphate, as P
Flow Normalized Flux 2005 to 2015
Choptank River Near Greensboro, MD Water Year
l ]

|
— Best estimate: _
a 54% increase

Probability density

40 60

Flux trend, in %




Uncertainty: 90% Confidence Interval
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That’s the method --
now some results

* Total Nitrogen
* Total Phosphorus
* Dissolved Orthophosphorus
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Total Nitrogen Yields

Total nitrogen loads range from
1.19 to 33.4 Ibs/ac with an
average load of 7.33 Ibs/ac

3 Categories of Loads:
(1) Low =

< 6.88 Ibs/ac

52 of 81 stations

(2) Medium =
> 6.88t0 < 13.75
15 of 81 stations

(3) High Yields =>13.76
14 of 81 stations

2 USGS

Total Nitrogen per Acre Loads: 2005-2014

Average Load (lbs/ac)
1.19- 688
6.89-13.75

B 1376-3344

Squares with black outline are
yields based on 2010-2014.

|:| Susquehanna

|:| Eastern Shore

|:| Westermn Shore

|:| Potomac 5 __l_'
|:| Rappahannock / o

[ | vork

|:| James
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Total Nitrogen Yields and Trends:
2005-2014

Improving Trends = 44 of 81 (54%)
Degrading Trends = 22 of 81 (27%)
No Trend = 15 of 81 (19%)

5 largest % improvements
Susquehanna R. at Conklin, NY
Wills Creek, Cumberland, MD
Georges Creek, Franklin, MD
Susquehanna R. at Waverly, NY
Opequon, Martinsburg, WV

5 largest % degradations
SF Quantico, Ind. Hill, VA
Rappahannock, Remington, VA
James R., Richmond, VA
Appomattox, Farmville, VA
WB Susquehanna, Jersey S, PA

= USGS

Total Nitrogen per Acre Loads
and Trends: 2005-2014

Trend Direction
# ko Trend

¥  Improving

4 Degrading
Average Load (lbs/ac)
1.19- 688
6.89-13.75
B 13.76-3344

Squares with black outline are
yields based on 2010-2014.
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Changes in Nitrogen per Acre Loads: 2005-2014
Example from the Susquehanna Watershed

UNADILLA RIVER ROCKDALE
SUSQUEHANNA RIVER CONKLIN
SUSQUEHANNA RIVER WAVERLY
COHOCTON RIVER CAMPBELL
CHEMUNG RIVER CHEMUNG
SUSQUEHANNA RIVER TOWANDA
SUSQUEHANNA RIVER WILKES-BARRE
SUSQUEHANNA RIVER DANVILLE

WB SUSQUEHANNA RIVER KARTHAUS
WB SUSQUEHANNA RIVER JERSEY S.
WB SUSQUEHANNA RIVER LEWISBURG
PENNS CREEK PENNS CREEK
RAYSTOWN BRANCH JUNIATA RIVER
JUNIATA RIVER NEWPORT

SHERMAN CREEK SHERMANS DALE
CONODOGUINET CREEK HOGESTOWN
YELLOW BREECHES CREEK CAMP HILL
SWATARA CREEK HERSHEY

WEST CONEWAGO CREEK MANCHESTER
SUSQUEHANNA RIVER MARIETTA
CONESTOGA RIVER CONESTOGA
PEQUEA CREEK MARTIC FORGE
SUSQUEHANNA RIVER CONOWINGO

Susquehanna

EXPLANATION

- Improving
|: Degrading
|: No Trend

Improving or degrading trends
classified as likelihood estimates

greater than or equal to 66%

*The number next to each bar represents
the total percent change in total nitrogen
yield over the specified time period.

-3 -2
CHANGE IN TOTAL NITROGEN LOAD BETWEEN 2005 AND 2014, IN POUNDS PER ACRE




Changes in Total
Nitrogen Yield:
2005-2014

Download figure:
http://cbrim.er.usgs.gov/maps.html

UNADILLA RIVER ROCKDALE
SUSQUEHANNA RIVER CONKLIN
SUSQUEHANNA RIVER WAVERLY
COHOCTON RIVER CAMPBELL
CHEMUMNG RIVER CHEMUNG
SUSOUEHANNA RIVER TOWANDA
SUSQUEHANNA RIVER WILKES-BARRE
SUSOUEHANNA RIVER DANVILLE

WB SUSOUEHANNA RIVER KARTHALS
WB SUSOUEHANNA RIVER JERSEY S.
WB SUSQUEHANNARIV. LEWISBURG
PENNS CREEK PENNS CREEK
RAYSTOWN BRANCH JUNIATA RIVER
JUNIATA RIVER NEWPORT

SHERMAN CREEK SHERMANS DALE
CONODOGUINET CREEK HOGESTOWN
YELLOW BREECHES CREEK CAMP HILL
SWATARA CREEK HERSHEY

W. CONEWAGO CREEK MANCHESTER
SUSOUEHANNA RIVER MARIETTA
CONESTOGA RIVER CONESTOGA
PECUEA CREEK MARTIC FORGE
SUSQUEHANNA RIVER CONOWINGD

NANTICOKE RIVER BRIDGEVILLE
MARSHYHOPE CREEK ADAMSVILLE
CHOPTANK RIVER GREENSBORO
TUCKAHOE CREEK RUTHSBURG
BIG ELK CREEK ELK MILLS

DEER CREEK DARLINGTON

GUNPOWDER FALLS GLENCOE
NB PATAPSCO RIVER CEDARHURST
WYNNS FALLS VILLA NOVA/
PATUXENT RIVER UNITY
PATUXENT RIVER BOWIE
WESTERN BRANCH UPPER MARLBORD

GEORGES CREEK FRANKLIN

WILLS CREEK CUMBERLAND
PATTERSON CREEK HEADSVILLE

5B POTOMAC RIVER SPRINGFIELD
CACAPON RIVER GREAT CACAPON
TONOLOWAY CREEK HANCOCK]
LICKING CREEK PECTONVILLE
CONOCOCHEAGUE CREEK FAIRVIEW
OPEQUON CREEK MARTINSBURG
ANTIETAM CREEK WAYNESBORD
ANTIETAM CREEK SHARPSBURG)
MUDDY CREEK MOUNT CLINTON
SOUTH RIVER NEAR WAYNESBORD|
SF SHENANDDAH RIVER LYNNWOOD
SF SHENANDOAH RIVER FRONT ROYAL
SMITH CREEK NEW MARKET

NF SHENANDDAH RIVER STRASBURG
CATOCTIN CREEK MIDDLETOWN
CATOCTIN CREEK TAYLORSTOWN
MONOCACY RIVER BRIDGEPORT
DIFFICULT RUN GREAT FALLS
POTOMAC RIVER CHAIN BRIDGE
ACCOTINK CREEK ANNANDALE

SF QUANTICO CREEK INDEP. HILL|

RAPPAHANNOCK RIVER REMINGTON
RAPIDAN RIVER RUCKERSVILLE
RAPIDAN RIVER CULPEPER
AAPPAHANNOCK RIVER FREDER.
NORTH ANNA RIVER DOSWELL
LITTLE RIVER DOSWELL
PAMUNKEY RIVER HANOVER
PO RIVER SPOTSYLVANIA
MATTAPONI RIVER BOWLING G.
MATTAPONI RIVER BEULAHVILLE
BACK CREEK MOUNTAIN G
BULLPASTURE RI\«'EH WILLIAMSVILLE
CALFPAS

JAMES RIVER B UE RIDGE PRWY|

PALMYR,
|A\IES *IVER CARTERS"\LLE
JAMES RIVER RICHMOND
APPOMATTOX RIVER FARMVILLE
DEEP CREEK MANNBORO
APPOMATTOX RIVER MATOACA

Susquehanna

EXPLANATION
- Improving
I:l Degrading
[ noTrend

Improving or degrading trends
classified as likelihood estimates
greater than or equal to 66%

*The number next to each bar represents
the total percent change in total nitrogen
yield over the spedified time period

1 1 1
Eastern Shore

1 1 L 1
Western Shore

) 1
Virginia

CHICKAHOMINY RIVER PROVIDENCE F.

CHANGE IN TOTAL NITROGEN LOAD BETWEEN 2005 AND 2014, IN POUNDS PER ACRE




: Total Phosphorus per Acre Loads
Total PhOSphOrUS MES and T?ends: 2p005_2014

& Trends: 2005-2014 Trend Direction

. No Trend
Improving Trends = 41 of 60 (68%) Y Improving
Degrading Trends = 12 of 60 (20%) A Degiato
No Trend = 7 of 60 (12%) Average Load (Ibs/ac)

0.13-0.50

) 0.51-1.00
5 largest % improvements: B 101-231

I ith black outli
Op(_aquon, Martinsburg, WV R N e
Antietam, Waynesboro, MD [ e
Rapldan, Culpeper, AV/A\ | Eastemn Shore
Susquehanna, Conklin, NY || Wester Shore

SB Potomac, Springfield, WV 2; Potomac

| Rappahannock /

5 largest % degradations: ‘Y°”‘

Susg. River, Conowingo, MD
Pequea Cr., PA

Marshyhope Cr., DE
Gunpowder R., MD
Patuxent R., Unity, MD

ZUSGS
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-
Susquehanna
an eS I n UNADILLA RIVER ROCKDALE -
SUSQUEHANNA RIVER CONKLIN EXPLANATION
SUSQUEHANNA RIVER WAVERL .
COHOCTON RIVER CAMPBELL] [ mproving
CHEMUNG RIVER CHEMUNG] - [ vegrading
O a O S O ru S SUSQUEHANNA RIVER TOWANDA| - [ NoTeend
SUSQUEHANNA RIVER WILKES-BARRE i mproving o dearading rends

SUSQUEHANNA RIVER DANVILLE - classified as likelihood estimates
WB SUSQUEHANNA RIVER KARTHAUS greater than or egual to 66%

=
Y . WB SUSQUEHANNA RIVER JERSEY S| The number next to cach bar represents
I e p— WB SUSQUEHANNA RIVER LEWISBURG] the total percent change in total phosphorus
J PENNS CREEK. PENNS CREEK yield over the specified time period.

RAYSTOWN BRANCH JUNIATA RIVER
JUNIATA RIVER NEWPORT|
SHERMAN CREEK SHERMANS DALE]
CONODOGUINET CREEK HOGESTOWN|
YELLOW BREECHES CREEK CAMP HILL
SWATARA CREEK HERSHE
EST CONEWAGD CREEK MANCHESTER
SUSQUEHANNA RIVER MARIETTA|
CONESTOGA RIVER CONESTOGA|
PEQUEA CREEK MARTIC FORGE
SUSQUEHANNA RIVER CONOWINGO| I
Eastern Shore

NANTICOKE RIVER BRIDGEVILLE
MARSHYHOPE CREEK ADAMSVILLE
CHOPTANK RIVER GREENSBORO
TUCKAHOE CREEK RUTHSBURG
BIG ELK CREEK ELK MILLS

DEER CREEK DARLINGTON

L n n 1
Western Shore

GUNPOWDER FALLS GLENCOE

NB PATAPSCO RIVER CEDARHURST|
GWYNNS FALLS VILLA NOVA
PATUXENT RIVER UNITY|

PATUXENT RIVER BOWIE

WESTERN BRANCH UPPER MARLBORO

Potomac

GEORGES CREEK FRANKLIN

WILLS CREEK CUMBERLAND
PATTERSON CREEK HEADSVILLE

5B POTOMAC RIVER SPRINGFIELD
CACAPON RIVER GREAT CACAPON
TONOLOWAY CREEK HANCOCK
LICKING CREEK PECTONVILLE
CONOCOCHEAGUE CREEK FAIRVIEW
OPEQUON CREEK MARTINSBURG
ANTIETAM CREEK WAYNESBORO
ANTIETAM CREEK SHARPSBURG

SF SHENANDOAH RIVER FRONT ROYAL
NF SHENANDOAH RIVER STRASBURG
CATOCTIN CREEK MIDDLETOWN
MONOCACY RIVER BRIDGEPORT
POTOMAC RIVER CHAIN BRIDGE

RAPIDAN RIVER CULPEPER
RAPPAHANNOCK RIVER FREDER
PAMUNKEY RIVER HANOVER
MATTAPONI RIVER BEULAHVILLE
JAMES RIVER BLUE RIDGE PKWY
JAMES RIVER CARTERSVILLE
JAMES RIVER RICHMOND
APPOMATTOX RIVER MATOACA
CHICKAHOMINY RIVER PROVIDENCE F. L o S
15 1.0 05 olo 05 1.0
CHANGE IN TOTAL PHOSPHORUS LOAD BETWEEN 2005 AND 2014, IN POUNDS PER ACRE




Orthophosphate
Trends: 2005-2014

Improving Trends = 31 of 52 (60%)
Degrading Trends = 13 of 52 (25%)
No Trend = 8 of 52 (15%)

5 largest % improvements are:
Unadilla River, NY
Susq. at Conklin, NY

W. Br. Susquehanna, PA

S. Fk. Shenandoah, VA
N. Fk Shenandoah, VA

5 largest % degradations are:
Marshyhope Creek, DE
Choptank River, MD
Pequea Creek, PA

Susq. at Conowingo, MD

Tuckahoe Creek, MD

Change in Orthophosphorus in Percent:
2005-2014

Total change in load (percent)
V  -274.0--58.9 Improving
v -588--295
v -294--0.8
e No Trend
A 0.8-294
A 295-5838
A 589-2740

y
NY

Degrading

|:| Susquehanna
|:| Eastern Shore
|:| Western Shore
Potomac o8 LY ¥
J/!/yv ‘3) \ ;‘P{E\V A MD ° A
|:| Rappahannock /-~
\F >
I:l York

A R
|:| James y Dég/ A ro
A {
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Changes In
rthophosphate
leld: 2005-2014

Download figure:
http://cbrim.er.usgs.gov/maps.html

UNADILLA RIVER ROCKDALE
SUSQUEHANNA RIVER CONKLIN
SUSQUEHANNA RIVER WAVERLY

COHOCTON RIVER CAMPBELL
CHEMUNG RIVER CHEMUNG
SUSQUEHANNA RIVER TOWANDA
SUSQUEHANNA RIVER DANVILLE

WB SUSQUEHANNA RIVER LEWISBURG
PENNS CREEK PENNS CREEK
RAYSTOWN BRANCH JUNIATA RIVER
JUNIATA RIVER NEWPORT

SHERMAN CREEK SHERMANS DALE
CONODOGUINET CREEK HOGESTOWN
YELLOW BREECHES CREEK CAMP HILL
SWATARA CREEK HERSHEY

WEST CONEWAGO CREEK MANCHESTER
SUSQUEHANNA RIVER MARIETTA
CONESTOGA RIVER CONESTOGA
PEQUEA CREEK MARTIC FORGE
SUSQUEHANNA RIVER CONOWINGO

NANTICOKE RIVER BRIDGEVILLE
MARSHYHOPE CREEK ADAMSVILLE
CHOPTANK RIVER GREENSBORO
TUCKAHOE CREEK RUTHSBURG
BIG ELK CREEK ELK MILLS

DEER CREEK DARLINGTON

GUNPOWDER FALLS GLENCOE

NB PATAPSCO RIVER CEDARHURST
GWYNNS FALLS VILLA NOVA
PATUXENT RIVER UNITY

PATUXENT RIVER BOWIE

WESTERN BRANCH UPPER MARLBORO

GEORGES CREEK FRANKLIN

WILLS CREEK CUMBERLAND
PATTERSON CREEK HEADSVILLE

SB POTOMAC RIVER SPRINGFIELD
LICKING CREEK PECTONVILLE
CONOCOCHEAGUE CREEK FAIRVIEW
OPEQUON CREEK MARTINSBURG
ANTIETAM CREEK WAYNESBORO
ANTIETAM CREEK SHARPSBURG

SF SHENANDOAH RIVER FRONT ROYAL
NF SHENANDOAH RIVER STRASBURG
CATOCTIN CREEK MIDDLETOWN
MONOCACY RIVER BRIDGEPORT
POTOMAC RIVER CHAIN BRIDGE

RAPIDAN RIVER CULPEPER
RAPPAHANNOCK RIVER FREDER.
PAMUNKEY RIVER HANOVER
MATTAPONI RIVER BEULAHVILLE
JAMES RIVER BLUE RIDGE PKWY
JAMES RIVER CARTERSVILLE
APPOMATTOX RIVER MATOACA

Susquehanna

1

EXPLANATION

- Improving
l:l Degrading
:] No Trend

Improving or degrading trends
classified as likelihood estimates
greater than or equal to 66%

*The number next to each bar represents
the total percent change in orthophosphorus|
yield over the specified time period.

Eastern Shore

1

Western Shore

Potomac

Virginia

1

1

1 1 1

-0.4 -0.3
CHANGE IN ORTHOPHOSPHORUS LOAD BETWEEN 2005 AND 2014, IN POUNDS PER ACRE
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There are many things to learn
from these data sets and the
WRTDS model derived from them:

e Com
e Com
e Com

nare analytes at a site
pare across sites
poute N:P or TP:SS ratios

 Relate NTN trends to trends in the Bay

Need to have a dedicated effort of
“Forensic Water Quality Trend Analysis”

= USGS



Flow Normalized Yields, Choptank River near Greensboro, MD

Blue shaded area is dissolved orthophosphorus,
Red shaded area is all other forms of phosphorus
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Choptank

[}
o
|

IN
o

Yield in kg/year/km”2

2000 2005 2010

Water Year

Marshyhope

Yield in kg/year/km”2

1990

ZUSGS
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1995 2000 2005 2010

Water Year

Yield in kg/year/km”2

Yield in kg/year/km”2

Tuckahoe

T T
1995 2000 2005

Water Year

Nanticoke

T T
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Water Year




Choptank ~ Tuckahoe ' Marshyhope ~ Nanticoke

Susg. Marietta _ Susqg. Conowingo ~ Potomac

Water Year

* OrthoP yields much higher on Delmarva than Susquehanna or Potomac
* OrthoP falling at Marietta and Potomac, Rising at Conowingo
 Delmarva sites, TP increases largely due to OrthoP increases

« Bump after 1996 at Marietta and Potomac may be due to 1996 flood

« TP yields on Delmarva bracket those of Susquehanna and Potomac

ZUSGS



Flow Normalized Yields, Choptank River near Greensboro, MD

Blue shaded area is dissolved nitrate plus nitrite
Red shaded area is all other forms of nitrogen
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Choptank
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- Marshyhope

ooooo

Water Year

Nanticoke

NO,,; mostly rising on Delmarva and falling on Susquehanna & Potomac
NO,, yields generally higher on Delmarva than Susq. or Potomac

Most Delmarva sites have higher TN yields than Susq. or Potomac

The only site where non-NO,; forms are rising is Conowingo

&
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Changing TN: TP ratios

Choptank
Tuckahoe
Marshyhope

Nanticoke

Susquehanna at Marietta
Susquehanna at Conowingo
Potomac

= USGS



Changing TN: TP ratios

Choptank 38 34 30
Tuckahoe 50 53
Marshyhope

Susquehanna at Marietta
Susquehanna at Conowingo 66 50 36
Potomac 26 25 27

~ISGS Orange indicates strong decrease



General trends 2005-2014

* TN improved at majority of sites. Exceptions in:
Delmarva, and Susquehanna at Conowingo, but
Susquehanna above Conowingo generally improved.

* TP improved at majority of sites. Exceptions in:
Delmarva, other parts of coastal plain and piedmont,
and Susquehanna at Conowingo, but Susquehanna
above Conowingo generally improved.

° Orthophosphorus improved at majority of sites.
Exceptions in: most sites in coastal plain and
piedmont, and Susquehanna at Conowingo, but
Susquehanna above Conowingo generally improved.

= USGS



These results are
being used to:

« explain change

* enhance models

* measure progress
 inform strategies

It IS built on
a 3-decade
effort with
many
partners.

ZUSGS

Partners

—-@J US Environmental Protection Agency (US EPA)

[ S
A N-——

S _ Maryland Department of Natural Resources (MD DNR)
ﬁI}EQ Yirginia Department of Environmental Quality (VA DEQ)
ré; Pennsylvania Department of Environmental Protection (PA DEF)
OeD West Virginia Department of Environmental Protection (WV DEP)
Delaware Department of Natural Resources and Environmental Control (DNREC)

New York State Department of Environmental Conservation (NYSDEC)

Susguehanna River Basin Commission (SRBC)

:"ﬂ" District Department of the Environment (DDOE)



