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Monitoring: we will dlscuss...
" How conducted

" Water-quality emphasis 23 - i ‘
" Use in Decision Making By ¥

" Assessing progress Z s g
" Effects of practices e w '
" Potential CBC issues =
" Midpoint Assessment 55 , 2 g 8
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250 meter resolution
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Selected Chesapeake Monitoring Networks

on-tidal water-quality
es in the Chesapeake Bay Watershed
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Watershed Monitorin g Chesapeake Bay Nontidal Network:
Network All Stations

*  NTN Stations

Are praCt|CeS redUCIng *  NTN New Stations
nutrients and sediment [gh"

|:| Western Shore
|:| Potomac

MOU signed in 2004 %c&

Presently: 117sites

Nutrient and sediment
concentration data

Stream flow
% USGS Ehu-:ﬁb@-su Prepared on 102015




Bridges, Cableways

Sample Collection: Wading




Storms are
Important

® Most of the sediment
and P delivered

® More intense collection
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Tidal Water Quality Monitoring Program

" Main Bay and tidal
waters
" 161 sites
" Biweekly to monthly
" 26 parameters
" 1985-present

" Provides:

® Attainment of standards

® Conditions for fish and
SAV




Sample collection

Rockfish +
Habitat



Continuous Monitoring
" CBIBS

" NOAA “smart buoys”
" 10 locations

" Update observations every
10 minutes.

" Captain John Smith
National Historic Traull.

" MD and VA shallow water

" Habitat and fishery
conditions




Submerged Aquatic Vegetation

91,000 acres In
2015

SAV Distribution: Upper Western Shore

VIMS

Aerial mapping

Field
sampling

AR

Figure 1b: SAV coverage on the Upper Western Shore, 1984 to 2004

coverage |
mapping of _
SAV Dbeds r =



http://www.vims.edu/bio/sav/2005_SAV_Photo_Gallery/images_original/068-18_jun23-05_scan.jpg
http://www.vims.edu/bio/sav/2005_SAV_Photo_Gallery/images_original/068-18_jun23-05_scan.jpg
http://www.vims.edu/bio/sav/sav04/quads/ss009d.html
http://www.vims.edu/bio/sav/sav04/quads/ss009d.html

Quality Takes Time and Effort

" Chesapeake Bay Program
requirements

" Field protocols

" | aboratory methods

" Data examination

" Quality control checks
® Stored in databases

® 3-6 months

" Data finally ready to use!

= USGS



" How monito
" Water-quality e

® Use in Decision Mak
" Assessing progress
" Effects of practices

" Potential CBC issues
" Midpoint Assessment




Assess water-quality progress

ChesapeakeAEls‘la%ft;[?:r:isdal Network: ] PraCtlceS
S P T " Model projections
e s = \Watershed
L=y ® Nutrients and
sediment

" Tidal waters
" DO, Clarity, and Chl
B Standards

" Inform WIPS

a USGS

actamcs for d changlag merkd  Prepared on 1002015



Total Nitrogen per Acre Loads
and Trends: 2005-2014

Trend Direction
#  No Trend
¥  Improving
A Degrading

Average Load (lbs/ac)
B 1.19-638
6.89-1375

B 1376-3344

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

|:| Susquehanna
|:| Eastemn Shore
|:| Western Shore
|:| Potomac

= USGS

actawcs far a changiag merdd  Prepared on 10020015

Nitrogen

River loads
 Large range
* Lbs per acre

Influenced by:

« Land use
 Practices

Source: USGS, 2016




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

WB SUSOUEHANNA RIVER KARTHAUS
WB SUSQUEHANNA RIVER JERSEY 5.
WB SUSOUEHANNARIV. LEWISEURG
PENMS 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
SUSQUEHANNA RIVER MARIETTA
CONESTOGA RIVER CONESTOGA
PEQUEA CREEK MARTIC FORGE
SUSOUEHANNA RIVER CONOWINGD

NANTICOKE RIVER BRIDGEVILLE
MARSHYHOPE CREEK ADAMSVILLE
CHOPTANK RIVER GREENSBORO
TUCKAHOE CREEK RUTHSBURG

BIG ELK CREEK ELK MILLS

DEEA CREEK DARLINGTON

GUNPOWDER FALLS GLENCOE|

NB PATAPSCO RIVER CEDARHURST
GWYNNS FALLS VILLA NOVA)
PATUXENT RIVER LINITY

PATUXENT RIVER BOWIE

WESTERN BRANCH UPPER MARLBORD

GEDRGES CREEK FRANKLIN

WILLS CREEK CUMBERLAND
PATTERSON CREEK HEADSVILLE

SB POTOMAC RIVER SPRINGFIELD
CACAPON RIVER GREAT CACAPON
TOMOLOWAY CREEK HANCOCK]
LICKING CREEK PECTONVILLE
CONOCOCHEAGUE CREEK FAIRVIEW

OPEQUON CREEK MARTINSEURG
ANTIETAM CREEK WAYNESEORO

SOUTH RIVER NEAR WAYNESBORO)
SF SHENANDDAH RIVER LYNNWOOD
SFSHENANDOAH RIVER FRONT ROYAL
SMITH CREEK NEW MARKET

NF SHENANDOAH 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

Susquehanna

EXPLANATION
- Improving
- Degrading
|:| No Trend

Improving or degrading trends
dlassified 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.

1 1 1
Eastern Shore

1 1 1 1
Western Shore

1 1
Potomac

v 1
Virginia

RAPPAHANNOCK RIVER REMINGTON
HAPIDAN RIVER RUCKERSVILLE
RAPIDAN RIVER CULPEPER
RAPPAHANNOCK RIVER FREOER.
NORTH ANMA RIVER DOSWELL
LITTLE RIVER DOSWELL

PAMUNKEY RIVER HANOVER

PO RIVER SPOTSYLVANIA
MATTAPONI RIVER BOWLING G.
MATTAPONI RIVER BEULAHVILLE
BACK CREEK MOUNTAIN GROVE
BULLPASTURE RIVER WILLIAMSVILLE
LFPASTURE RIVER GOSHEN

JAMES RIVER BLUE RIDGE PK'WY|
MECHUMS RIVER WHITE HALL
AIVANNA RIVER PALMYRA

JAMES RIVER CARTERSVILLE
JAMES RIVER RICHMOND
APPOMATTOX RIVER FARMVILLE|
DEEP CREEK MANNBORO
APPOMATTOX RIVER MATOACA
CHICKAHOMINY RIVER PROVIDENCE F.

1
-5 -4 -3 -2 -1 1

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

Nitrogen Change
(2005-2014)

Trends
Improving:54%
Degrading:27%
No Trend:

9%

Factors
Agriculture
Urban lands
WWTP
Atmospheric
Practices




Changes In nitrogen to the tidal waters

Individual river contributions of Total Nitrogen loads to the Bay

== Susquehanna
= Potomac
= |ames
250 === Rappahannock
=== Appomattox
CHESAPEAKE BAY ——— Pamunl‘ley
WATERSHED I
e -.E_" 200 === Patuxent
O = Choptank
—
EXPLANATION [==]
A e T g
RIVER INPUT .E
i = 150 -
= e E -
| pucsmiong c
— g =
E Choptank River g
—
100
50
Source: USGS, 2016 [ — - —
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1985 1990 19405 2000 2005 2010 2015

Water Year
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Water Quality Standards Attainment
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_ Explain Water-Quality
® Practices to Ch anges

water quality

® Sources and
land use
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Monitoring and Restoration

Efforts

® 40 case studies

B | essons under
three broad

New
Insights

Science-based evidence of
water quality improvements,
challenges, and opportunities
in the Chesapeake

NEW YORK

Sinnemahoning Creek ®

categories:

1.What Works
2.Challenges y

3.What We
Need

Potomac River at Hancock, MD @

VIRGINIA

Jackson River ®

N
40 Miles P

64 Kilometers

USGS e

&

PENNSYLVANIA

Mahantango Creek ®

@ Little Conestoga Creek
Muddy Creek ®
(-~ Bald Eagle Creek @
MARYLAND |
ilc?ulr'.ir';'%

Brush Run Creek @
@ Big Spring Run

ftimore, Maryland
hof %ﬂtk Rriver TB

Anne Arund| ica Rit

o:anJ ® Corsica River
tony D.C.

5 I g (r 2 40 Wye River

- Blue Plains WWTP.

Gunston Cove

Mattawoman Creek“6 DELAWARE

'® Choptank River

3 gatniventhiveF .

Potomac River ® ® Pocomoke River

Polecat Creek ®

James River @



What Works Explaining Trends
" Upgrades to WWTPs *

" Reductions in air emissions
" Some agricultural practices

Challenges
" Response times

" Development and intensified
agriculture

What We Need

" Location should guide efforts

" Stormwater management and

monitoring
a USGS




Lesson 1: WWTP need to have both P

and N upgrades

__ 140 1985: Phosphorus ban
-Reduced loads g 120 : 1991: Installation of
to the Upper £ 100 | .
Patuxent River [ ﬂﬁ ﬂ

2 o0 o
-Resurgence of % 40 \[
submerged i 55 I
aquatic 5 -
vegetation 1980 1985 1990 1995 2000

Year

Changes in submerged
aquatic vegetation (SAV)
(1978-2008)

USGS

&

Oligohaline

2005
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WWTP Upgrades:
Improvements

and challenges

" Potomac River
" Blue Plains (DC)
" Fairfax County
" Mattawomen Creek

" Challenges:
" |Increasing population
" Costs
" Only 20% of load

ZUSGS

\




What Works

2: Nitrate reductions In alr emissions
® Sources: power plants, vehicles, and manure

" Power plant controls lead to reductions in
atmospheric nitrogen deposition

4 ' N
1989-1991 2001-2009 :




_ What Work_s
Lesson 3: Some agricultural practices

® Reductions of agricultural nutrient sources result
In Improved local stream quality

Cover crops Livestock exclusion

Fertilizer
management

” = -
."\\‘. T -/‘ . i
i &
ZUSGS WALG



- Conventional till

Agricultural
practices
" Cover Crops

" Manure and fertilizer
= Stream bank fencing e e o

Groundwater nitrate-N (mg L

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Year

)t can negatively affect
and th .



What Did We Learn?

1. What Works
" Upgrades to WWTPs \
= Reductions in air emissions . *
" Some agricultural practices k ‘

2. Challenges
" Response times
"  Population growth

3. What We Need

" Location should guide
restoration efforts

=  Stormwater management and

monitoring
USGS

&



" “Lag time’ Challenges

" Many practices provide Lesson 4: Response

initial water-quality Times
Improvements

" Full benefits to stream
conditions can be delayed

" Groundwater
" Phosphorus storage

"4 Discharge fo~
. L . : J stream - ﬁm
i ‘ ! ~" : ooa‘ ( e°
" Sediment movement - N L = o
R B M P effe Ct I Ve n e S S Ground-Water Discharge to Stream Honths *Soil water

S

= Honths,
W W
Decades Decades

" Response times vary

= USGS

y
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Challenges
Lesson 5: Population growth

" |[mprovements in water quality can be counteracted:
®" Human and animal populations

'fo %> Wastewater treatment plant .@... Atmospheric nitrogen deposition \}1 Decreased nutrient loads

USGS ﬁ Intensified agriculture ﬂ,\ Greater stormwater runoff ( Increased nutrient loads

&



Forecasted Forest Loss in the Chesapeake Bay Watershed
(2002 to 2030)

Human populations |r—m"m—m"s

" |ncreasing

|:] Counties

Chesapeake Bay

Forest Loss (acres)

I - 12406 - -5000

wastewater - -
I 3999 - -3000

[ 2999 - -2000

® \/ehicle emissions — o

" Development

= USGS

-499 -0

= Loss of forests V. ko b
" |mpervious surface '
" |Increased runoff

" Erosion of “legacy”
sediment PR
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Animal populations: Intensified agriculture
contributing to degrading water quality

Increases in TN
and TP (1968-
Increases in wheat 2012)
and corn yields
(1926-2011)

Yield (bushels per acre)

Water year (Oct - Sep)
Data from the USDA N&%al Agricultural Statistics




-

Chesapeake Bay ' ' Ij‘ 1L 5
watershed —[@%s & ¥

ESTIMATED ANNUAL
YIELD OF TOTAL NITROGEN,

in kilograms per square kilometer
(high value in pounds per acre)
g 0-152(1.4)
152-221 (2.0)
| 221-297 (2.6)

- 0| 297-398 (3.6)
I 398-526 (4.7)
‘( I 526-683(6.1)
I 683-887 (7.9)
B sc7-1,186 (1)
B 1.156-1.710(15)

I GREATER THAN 1,710

BASE FROM U,S, GEOLOGICAL SURVEY 1:2,000,000
STATE BOUNDARY DIGITAL LINE GRAPH, ALBERS
EQUAL AREA PROJECTION, NAD 1883

50 MILES
50 KILOMETERS

Lesson 6:
Location

maltters

Focus In
areas of high
loading

N, P, S

Source
sectors

Lesson 7/:
Stormwater &
monitoring




Monitoring Is worth the cost!

Costs: $12-15M (WQ)

Restoration: $100sM

Inform
Strategies
ASSess Progress
: Explain Enhance
Calibrate models Change  Models

Explain change

Measure Progress

Inform decisions

%USGS Monitor Conditions



" How monito
" Water-quality e

® Use in Decision Mak
" Assessing progress
" Effects of practices

" Potential CBC issues
" Midpoint Assessment




Management Implications for CBC
" Emphasize what is working... ...

" WWTP, air emissions _ o€ 2

= Some Ag practices s
" |n the best places... PR

® High loading areas ”,

= Benefits to other outcomes ”
= Address challenges... o

® Manure and livestock K

= Development and stormwater runoff

® Susquehanna Reservoirs

® Climate change

= USGS



