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Chesapeake Bay Watershed

Watershed Facts
— Drainage area of 64,000 mi?
— Contains more than 100,000 rivers and streams
— Drains parts of NY, PA, MD, DE, WV, and VA |ui
Nations largest estuary
— Supports 3" largest fishery in Nation
— Atlantic Flyway

Decline of Ecosystem
— Degraded water quality
— Loss of habitat
— Decline of fish and wildlife populations

Many resources have been spent and strategies (S
have been implemented to improve water- '
quality as an outgrowth of the formation of the
Chesapeake Bay Program (1983) and the latest
being an Executive Order (2009), and TMDL
(2010)




Using Monitoring Data To Measure Progress and Explain Change

Elements of STAR Mid-Point Assessment Workplan

1. Measure progress f
* Trends of nitrogen, phosphorus and Inform
sediment in the watershed. Strategies

e Trends of water quality in the estuary

2. Explain water-quality changes

. Explain Enhance
* Response to management practices

Change Models

3. Enhance CBP models
1. WSM
2. SPARROW
Measure Progress
4. Inform management strategies
e WIPs
e Water-quality benefits

Monitor Conditions



Chesapeake Bay Nontidal

Chesapeake Bay Nontidal Network: Monitoring Network
All Stations

| Purpose
MTHN Stations - . . .
NTN New Stations ' o Quantify of nutrients and sediment

in the nontidal rivers of the Chesapeake

Susquehanna
Eastern Shore 3 Bay Wate rShed
Western Shore 7N Y L o Estimate (changes over time) in
Fotamac et loads to detect effects of changes in land
eppsnenned NP management effects on water quality
James e T B Monitoring Stations

117 monitoring stations
— 30 with records > 30 yrs
— 81 with records > 10 yrs
— 6 with records 5-10 yrs
— 30 (green on map) with records < 5 years
» Drainage areas range from 1 to 27,100
mi?
* Multiple monitoring partners using
consistent methods

. (Mgl - USGS responsible for load and trend
"USGS Prepared on 1020/15 computation




Load and Trend Estimation

Daily Load = Daily Concentration * Mean Daily Discharge

Discrete water quality
samples, typically 12
“routine” and 8
“storm” are collected
annually at or near
streamflow gaging
stations.

Samples are analyzed
for total N, NO,;,
total P, ortho-P and
suspended sediment

< USGS



|_oad and Trend Estimation

Daily Load = Daily Concentration * Mean Daily Discharge

Potomac River at Chain Bridge, 01646580

Total phosphorus concentration
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|_oad and Trend Estimation

Daily Load = Daily Concentration * Mean Daily Discharge

Weighted Regression on Time, Discharge, and Season (WRTDS)
(Hirsch and others, 2010)
Primary Load Computation Model 2012-2015

In(c) = B, + Bt + B, In(q) + B,sin(2xt) + B, cos(2xt) + &

e Unigque regression model for each point at which a
concentration estimate Is required

 Models weight observations based on “proximity”, in time,
discharge, and season, to conditions at the time each
estimate Is required

< USGS



Potomac River at Chain Bridge at Washington. D.C. - Total Phosphorus
WRTDS Load .

and Trend _ *
Example:
Potomac River
Total
Phosphorus

i
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Total reduction in RIM |
total nitrogen: 25% reducgon
1985 to 2014 = -25% - 18% reduction 1
2005 to 2014 = -18% N *

®
Flow-Normalized
Load
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Total Nitrogen per Acre
Loads

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

ZUSGS

Total Nitrogen per Acre Loads: 2005-2014

S i

Average Load (Ibs/ac)
1.19 - 6.88
6.89 - 13.75

13.76 - 3344

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

Susquehanna
Eastern Shore

Western Shore

Potomac
Rappahannock
York /




Total Nitrogen per
Acre Loads and
Trends: 2005-2014

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

Of the 14 stations with the highest per
acre loads for Total Nitrogen:
6 have improving trends
3 have degrading trends
4 have no trends
1 has insufficient data for trend
analysis

Results by major basins

ZUSGS

Total Nitrogen per Acre Loads
and Trends: 2005-2014

Trend Direction
#  No Trend
¥  Improving
4 Degrading
Average Load (lbs/ac)
1.19 - 6.68
6.89 - 13.75

13.76 - 33.44

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

Susquehanna
Eastern Shore

Western Shore

Potomac 5. ___'r _. 5
Twe ¥y MD
Rappahannock # 'h“«.,.' - ¥
‘&‘n"r .. "
York Pty ]
y ey ¥

James ¢ EC? v
4 A |




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.

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




Susqguehanna

Changes in N itrogen —===

I:l Degrading
I:l No Trend

SUSQUEHANNA RIVER DAN '
| e . 1 ; U—} Improving or degrading trends
LEWIS H_G classified as likelihood estimates
. H ) greater than or equal to 66%
RAYSTOWN CHJ ER

*The number next to each bar represents
SHERMAN CREEK SHEAMANS DA : the total percent change in total nitrogen

CONDDOGUINET CREEK HOGESTOWN yield over the specified time period.
YELLOW BREECHES CREEK CAMP HILL
— ARA CREEK HERSHEY
W. CONEWAGO CREEK N'I"AI\ICHESTE:
SUSQUEHANN. EFH

Co INE’TI IGA -151

Eastern Shore
NANTICOKE [

c . —
MARSHYHOPE CREEK ADAMSV

rena in 10ad Network 1S tne RPN A GevsoeD

TUCKAHOE CREEK RUTHSBURG

BIG FLK CREEK ELK MILLS

DEER CREEK DARLINGTON

first of its kind e w

N Potomac

Improving Stations
Range = -0.10 to -5.07 Ibs/ac
Median = -0.68 Ibs/ac (-10.0%)

3 N
SF \HEN».\NDE-«H
SF \HEN-«NEEHH A

Degrading Stations pi
Range = 004 tO 121 IbS/aC RLJPL-:HM.II:NDCK ngr-.-uma-mwrg‘lma

RSVILLE

Median = 0.33 Ibs/ac (7.84%) s

3”.IJNKEYRI E HAN
B FJ J RIVER SPOTSYLVAI

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

ATTOX R \
I:EE:'C EEK 1HNN 0RO

"C"

2 3 4
CHANGE IN TOTAL NITROGEN LOAD BETWEEN 2005 AND 2014, IN POUNDS PER ACRE




Total Phosphorus per Acre Loads

Total Phosphorus per and Trends: 2005-2014

Trend Direction

Acre Loads and R

¥ Improving

Trends: 2005-2014 [eacees

Average Load (lbs/ac)
0.13-0.50

Total phosphorus loads range from 0.51-100
0.13 to 2.31 Ibs/ac with an average Sauares bk outine are
load of 0.52 Ibs/ac yields based on 2010-2014.

Susquehanna

Eastern Shore

Improving Trends = 41 of 60 (68%)
Degrading Trends = 12 of 60 (20%) Potomac
No Trend = 7 of 60 (12%) Rappahannock /-

York

Western Shore

James

Of the 6 stations with the highest per
acre loads for Total Phosphorus:

* 4 have improving trends

» 1 have degrading trends

« 1 has insufficient data for trends

scimace for o changing werld  Prepared on 10020015




- Susquehanna
an eS I n UNADILLA RIVER ROCKDALH .
SUSQUEHANNA RIVER CONKLIN EXPLANATION

SUSQUEHANNA RIVER WAVERL morout
COHOCTON RIVER CAMPBELL kv [ mproving
CHEMUNG RIVER CHEMUNG ] [ pegrading

SUSQUEHANNA RIVER TOWANDA| - [ NoTrend
SUSQUEHANNA RIVER WILKES-BARRE - mproving or dearading rends

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

WB SUSQUEHANNA RIVER JERSEY S| *The number next to each bar represents
I - WB SUSQUEHANNA RIVER LEWISBURG| the total percent change in total phosphorus
O ad S 2 O O 5 e 2 O 1 4 PENNS CREEK PENNS CREEK| yield over the specified time period.
~- RAYSTOWN BRANCH JUNIATA RIVER

JUNIATA RIVER NEWPORT]|

SHERMAN CREEK SHERMANS DALE

CONODOGUINET CREEK HDGESTDWN

YELLOW BREECHES CREEK CAMP HILL|
SWATARA CREEK HERSHE

EST CONEWAGD CREEK MANCHESTER

SUSQUEHANNA RIVER MARIETTA|

CONESTOGA RIVER CONESTOGA|

PEQUEA CREEK MARTIC FORGH

SUSQUEHANNA RIVER CONOWINGO |

I - S - Eastern Shore
NANTICOKE RIVER BRIDGEVILLE
m p rOVI n g tatl O n S MARSHYHOPE CREEK ADAI\T;S'-JILLE
CHOPTANK RIVER GREENSBORO
— - TUCKAHOE CREEK RUTHSBURG
DEER CREEK DARLINGTON

MEdIan = -011 IbS/aC (-247%) GUNPG‘.-'\-'DEHFALLSELENEDEWéStémIShE)rE;

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

PATUXENT RIVER BOWIE

WESTERN BRANCH UPPER MARLBORO

Deg rad i n g Stati OnS GEDRGES CREEK FRANKLIN PO'I[()r;’laCI

WILLS CREEK CUMBERLAND

— PATTERSON CREEK HEADSVILLE

Range = 0.007 to 0.43 lbs/ac (PATERSON G2 EAO L
- CACAPON RIVER GREAT CACAPON

— TONOLOWAY CREEK HANCOCK

M ed I a.n - O [ 07 I bS/aC (18 ] 2%) L\-:K|NG:T\:HEE|( 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

. Virginia

O RAPIDAN RIVER CULPEPER 53
Download figure: |
htto://cbri / html AEAUKEY IR HANOveR

AP V] [\
p' C rlm er usgsgov maps m JAMES RIVER BLUE RIDGE PKWY -20[
JAMES RIVER CARTERSVILLE
JAMES RIVER RICHMOND -5

APPOMATTOX RIVER MATOACA

CHICKAHOMINY RIVER PROVIDENCE F. s ——

-1.5 -1.0 -0.5 0 0.5 1.0
CHANGE IN TOTAL PHOSPHORUS LOAD BETWEEN 2005 AND 2014, IN POUNDS PER ACRE




Changes In
Suspended Sediment

Susquehanna

UNADILLA RIVER ROCKDALE
SUSQUEHANNA RIVER CONKLIN
SUSOUEHANNA RIVER WAVERLY
COHOCTON RIVER CAMPBELL
CHEMUNG RIVER CHEMUNG
SUSQUEHANNA RIVER TOWANDA
SUSQUEHANNA RIVER DANVILLE

WB SUSQUEHANNA RIVER KARTHAUS
WB SUSQUEHANNA RIVER JERSEY S.
WB SUSQUEHANNA RIVER LEWISBURG
PENNS CREEK PENNS CREEK

EXPLANATION

I:l Improving
I:l Degrading
I:l NoTrend

Improving or degrading trends
classified as likelihood estimates
greater than or equal to 6%

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

RAYSTOWN BRANCH JUNIATA RIVER
JUNIATA RIVER NEWPORT -39
SHERMAN CREEK SHERMANS DALE -51
CONODOGUINET CREEK HOGESTOWN -1
YELLOW BREECHES CREEK CAMP HILL
SWATARA CREEK HEASHEY
EST CONEWAGO CREEK MANCHESTER 22
SUSQUEHANNA RIVER MARIETTA -3
CONESTOGA RIVER CONESTOGA EE
PEQUEA CREEK MARTIC FORGE -34
SUSQUEHANNARIVERCONOWINGOL . . © 1+ v v vl vt vs 1 1o
Eastern Shore
NANTICOKE RIVER BRIDGEVILLE 721
MARSHYHOPE CREEK ADAMSVILLE -8
CHOPTANK RIVER GREENSBORO
TUCKAHOE CREEK RUTHSBURG -22()
BIG ELK CREEK ELK MILLS |
DEER CREEKDARLINGTON | v+ v v 1 v v v v v v i i
Western Shore

per Acre Loads:
2005-2014

Improving Stations (29 of 59)
Range =-8.11t0 -1,490 lbs/ac
Median = -221 lbs/ac (-29.4%)

GUNPOWDER FALLS GLENCOE

NB PATAPSCO RIVER CEDARKURST

GWYNNS FALLS VILLA NOVA

PATUXENT RIVER UNITY

PATUXENT RIVER BOWIE

W. BRANCH UPPER MARLBORO i
Potomac

GEORGES CREEK FRANKLIN
WILLS CREEK CUMBERLAND
PATTERSON CREEK HEADSVILLE
SB POTOMAC RIVER SPRINGFIELD
CACAPON RIVER GREAT CACAPON
TONOLOWAY CREEK HANCOCK
LICKING CREEK PECTONVILLE
CONOCOCHEAGUE CR. FAIRVIEW
OPEQUON CREEK MARTINSBURG
ANTIETAM CREEK WAYNESBORD
ANTIETAM CREEK SHARPSBURG
SF SHEN. RIVER FRONT ROYAL
NF SHEN. RIVER STRASBURG
CATOCTIN CREEK MIDDLETOWN
MONOCACY RIVER BRIDGEPORT
POTOMAC RIVER CHAINBRIDGE |+ o vt
Virginia
RAPIDAN RIVER CULPEPER 59
RAPPAHANNOCK RIVER FREDER.
PAMUNKEY RIVER HANOVER
MATTAPONI RIVER BEULAHVILLE
JAMES RIVER BLUE RIDGE PKWY
JAMES RIVER CARTERSVILLE
JAMES RIVER RICHMOND
APPOMATTOX RIVER MATOACA
CHICKAHOMINY RIVERPROVIDENCER|
o Kl & s i K

CHANGE IN SUSPENDED SEDIMENT LOAD BETWEEN 2005 AND 2014, IN POUNDS PER ACRE

Degrading Stations (19 of 59)
Range = 4.75to0 341 Ibs/ac
Median = 118 Ibs/ac (42.8%)

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




Summary

e Extensive montoring effort

e Weighted regression
(WRTDS) to determine
how “flow-normalized”
loads are changing over
time

e Measurable improving
trends at 50% or more of
the monitoring stations.

e What are the driving
factors governing these
trends?

< USGS




USGS Nontidal Web Page
http://cbrim.er. USgs. gov/

Intranet Home
*| Find A Person
‘ Search Intranet

Water-Quality Loads and Trends at Nontidal Homtnrmg Stations in the Chesapeake Bay Watershed

Navigate Menu
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Bibliography
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Trend Summary

Interactive Map

Tables and Figures

Downleads

Model Input Data

Load Table

Yield Table

Trend Results Table

Contacts

USGS Chesapeake Activities
Technical Contacts

Web Administrator

Welcome

This web site is dedicated to providing water-quality load and trend results for the g anin

. . - * G 1 NTH stations
nontidal rivers of the Chesapeake Bay watershed. e

Streams

What are the Objectives of the Chesapeake Bay
Nontidal Monitoring Program?

= Quantify nutrient and sediment loads in the nontidal rivers of the
Chesapeake Bay watershed. These loads are defined as the mass of nutrient
or sediment passing a monitored location per unit time.
Estimate changes over time (trends) in sediment and nutrient loads, in a
manner that compensates for any concurrent trend in stream discharge.
Trends estimated in this manner can indicate changes in the watershed,
such as the effects of best management practices that cannot be attributed
primarily to climatic fluctuation.

How the Program Works

+ Monitoring data are collected by numerous agencies through the nontidal
monitoring partnership.
* Results are updated on even-numbered water years for the network of
water-quality monitoring stations distributed throughout the Chesapeake
Bay watershed. o 3100 Kdummeny

What Data and Related Information Are Available7 Click on the image above to access the interactive map

Methods, data, results, and interpretations are available for

» Nutrient and sediment loads and yields (per-acre loads)
+ Trends in nutrient and sediment loads

Load and trend results are available from the Chesapeake Bay nontidal monitoring
network through the 2014 water year.



< USGS



	�Measuring Changes in Nutrient and Suspended-Sediment Loads in the Chesapeake Bay Watershed
	Chesapeake Bay Watershed 
	Slide Number 3
	Slide Number 4
	Slide Number 5
	WRTDS and flow-normalization
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Summary
	USGS Nontidal Web Page
	Slide Number 18

