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Tributary Summaries

The Chesapeake Bay Program and its partners compiled tributary basin summaries for 12 major tributaries or tributary groups in the Chesapsake Bay
Watershed. These documents summarize the following in one place: 1) How tidal water quality changes over time; 2) How factors that drive those changes
change over time; and, 3) Current state of the science on connecting change in aquatic conditions to its drivers.

« Choptank (includes the Choptank, Little Choptank, and Honga) Summary, Appendix

« Potomac: Summary, Appendices, Story Map

« Maryland Mainstem (includes the five Chesapeake Bay mainstem segments within the Maryland state boundary. Drainage basins include the Susquehanna
River and upper Chesapeake Bay shorelines) Summary, Appendix

= Maryland Upper Eastern Shore (includes the Northeast, Bohemia, Elk, Back Creek, Sassafras, and Chester Rivers, the Chesapeake & Delaware Canal, and
Eastern Bay) Summary, Appendix

« Maryland Upper Western Shore (includes the Bush, Gunpowder, and Middle rivers) Summary, Appendix

» Maryland Lower Western Shore (includes the Magothy, Severn, South, Rhode, and West rivers) Summary, Appendix

« Patapsco and Back Summary, Appendix

« Patuxent (includes the Western Branch tributary) Summary, Appendix

» Rappahannock (includes the Corrotoman tributary) Summary, Appendices

» York (includes the Mattaponi and Pamunkey tributaries) Summary, Appendices

« James (includes the Appomattox, Chickahominy, and Elizabeth Tributaries) Summary, Appendix

« Lower E. Shore (includes the Nanticoke, Manokin, Wicomico, Big Annemessex, and Pocomoke Rivers, and Tangier Sound) Summary, Appendix

« Virginia Mainstem: Summary not available, Appendices

Special thanks to:

Olivia Devereux, Jon Harcum, Renee Karrh, Mike Lane, Rebecca Murphy,
Elgin Perry, Meghan Petenbrink, Jimmy Webber, Angie Wei, and Qian
Zhang
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12 Tributary Trend Summaries Released!

Chesapeake Science Partners Produce Tributary Summaries (usgs.gov)

‘centers/cba/science/chesapeake-science-partners-produce-tributary-summaries?qgt-science_center_objects=0#qt-science_center_objects M e

science for a changing world

Chesapeake Bay

Potomac Tributary Report (usgs.gov)

Chesapeake Science Partners Produce Tributary Summaries

< (@] [alllttps://wim.usgs.gov/geonarrative/potomactrib

Overview

Issue Status - Completed i
The Chesapeake Bay Program (CBP) parinership is striving to improve water-quality conditions in the Bay
and its tidal waters. The partnership needs to understand water-guality conditions in different tributaries to

zgsdaasrsdzss the influence of nutrient-reduction practices and progress toward attaining water-guality Contacts POtomaC Tributa ry
' Report

Jeni Keisman

1 i 1 H 1 Biologist . .
Compilation of Tributary Basin Summaries o Water Stienee Genter A summary of trends in tidal
Several Chesapeake Bay science pariners collaborated to compile tributary basin summaries for 12 major tributaries or tributary groups Email: jkeisman@usgs.gov water qua“ty and associated

in the Chesapeake Bay Watershed. These documents provide for each tributary: Phone: 443-498-5565 factors, 1985-2018.

« how tidal water quality has changed over time, and
« how factors expected to drive these patterns have changed over time.

= a vehicle to generate insights connecting changes in aquatic condifiens to their drivers. EXP|0r9 MOre SC\ence:
The partners who prepared the fribufary summaries collaborated through the CEP Integrated Trends t Team and included the Chesapeake Photo: Mattawoman Creek and the Potomac River in Charles County,
Maryland Department of Natural Rescurces, United States Geolegical Survey, University of Maryland Center for Envirenmental Science, Chesapeake Bay MD (Courtesy of Will Parson, Chesapeake Bay Program)
and Virginia Department of Environmental Quality, with additional support frem Devereux Consulting. chesapeake bay program

Water Quality
All the materials for the fributary strategies have been posted on the Chesapeake Assessment Scenario Tool (CAST) Website Biology and I)Ec,os-,'stems
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shorelines) Summary, Appendix
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Rhode, and West rivers) Summary. Appendix

Patapsco and Back Summary. Appendix

Patuxent (includes the Western Branch tributary) Summary,
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Patuxent River: Annual Trends for Surface Total Nitrogen

Long Term: 1985-2018

Long Term: Flow-adjusted 1985-2018

kK

TN, TP, Chlorophyll-a, Dissolved Oxygen, Secchi Depth

Long- and short-term trend

Observed condition and flow-adjusted

More parameters in appendices

Tidal Trends Information: Trend Maps

Patuxent River: Annual Trends for Surface Secchi

Long Term: 1985-2018
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Patuxent River: Annual Trends for Surface Total Phosphorus

Patuxent River: Spring Trends for Surface Chlorophyll a

Patuxent River: Summer Trends for Surface Chlorophyll a

Patuxent River: Summer Trends for Bottom DO

Long Term: 1985-2018

Long Term: Flow-adjusted 1985-2018

Long Term: 1985-2018

Long Term: Flow-adjusted 1985-201

Long Term: 1985-2018

Long Term: Flow-adjusted 1985-2

Long Term: 1985-2018
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Long Term: Flow-adjusted 1985-2018

Short Term: 2009-2018
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W Significantly Improving (p<0.05)
A Ssignificantly Degrading (p<0.05)

@ Possible Improving (0.05<p<0.25)
© Possible Degrading (0.05<p<0.25)
4 Unlikely Trend (p>0.25)

V¥ Significantly Improving (p<0.05)
A Significantly Degrading (p<0.05)

@ Possible Improving (0.05<p<0.25)
O Possible Degrading (0.05<p<0.25)
@ Unlikely Trend (p>0.25)

¥ Significantly Improving (p<0.05)
A Significantly Degrading (p<0.05)

@ Possible Improving (0.05<p<0.25)
© Possible Degrading (0.05<p<0.25)
4 Unlikely Trend (p>0.25)

A significantly Improving (p<0.05)
W Significantly Degrading (p<0.05)

@ Possible Improving (0.05<p<0.25)
© Possible Degrading (0.05<p<0.25)
# Unlikely Trend (p>0.25)




Tidal Trends Information: Station-level change over time by segment

Main report: Annual TN, Annual TP, Spring & Summer Surface Chlorophyll a, Annual Secchi Depth, Summer Bottom DO
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Tidal Trends Information: DO Criteria Attainment Record

Open Water Summer DO

DW and DC Summer DO

time period RPPTF RPPOH RPPMH | CRRMH time period | Deep Water | Deep Channel

1985-1987 RPPMH RPPMH

1986-1988 1985-1987
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2008-2010 2007-2009 [ Not meeting criterion ~ Significant (p<0.05) Possible (0.05<p<0.25)

2009-2011 2008-2010 B Meeting criterion V Degrading © Degrading

2010-2012 ;ggi;gﬁ 7~ Not applicable A Improving @ Improving .
2011-2013 50112013 & Unlikely (p>0.25) o — Viles
T | 2012-2014 [T

2013-2015 2013-2015

2014-2016 2014-2016

2015-2017 2015-2017

2016-2018 20162018




Watershed Factors Information

Effects of physiography on nutrient transport

Soil erosivity and sediment
concentrations are typically
% highest in Piedmont watersheds.

Groundwater nitrogen
concentrations are typically
high in the Coastal Plain and,
in some portions, can require
decades to reach streams.

Nutrients in Coastal Plain

3 streams reach nearby
v N tidal waters quickly, with
2 little opportunity for
»LJ{ storage or loss.
Nitrate concentrations are ...but in-stream Nontidal Monitori ;
high in some agricultural processing can ontidal Monitoring ¥
Piedmont streams... reduce nitrogen loads Network slAa_['O" _ CEPT PN
before reaching tidal [ siliciclastic \
waters. There is no [ Crystalline \
p::)":::;ﬂ:i::::;l B Coarse Coastal Plain Sediments \’\%

[T Fine Coastal Plain Sediments

Development patterns
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3 ; ., Fredericksburg

a%

Rappahannock 1985 - 2025

Reported BMP Implementation

800,000 -
Land Use Change e
& o
Rappahannd &
<C
400,000 -
1,500,000 - 30%
200,000 -
102%
42% 61%)
0-.. al il . = <M
1,060,042
1,073,892 ' ' ' ' 1 ' 1
1.000.000~ (-1%) Tillage Commodity & Pasture  Forest Buffer & Stormwater  Agricultural Urban
— Cover Crops Management Tree Planting Management Nutrient Nutrient
4 Management Management
(1)
g B ioss 2000 [ 2010 [ 2025 wip
e
E Values above the 2019 bars are the percent of the 2025 goal achieved.
500,000 - 88,816 154,684 166,177
(74%) (87%)
natural
developed
. agriculture
0-

2009
Values in the bars are acres. Values in parentheses are percent change in acres from 1985 levels,

1985

2019




Watershed Factors Information

Estimated TN, TP, Sediment Loads

(RIM + WSM)

Load, kg/yr

Rappahannock TN Load

ORIM OBelow-RIM

Expected Load Change By Sector (CAST)

natural
7,500,000~

developed

. agriculture
5,000,000 - seplic
. shoreline
2,500,000~ B vastewater
- B stream bed and bank
. Il

non-tidal water
1985 2009 2019

Nitrogen (lbs)

atmospheric deposition

& & )
Variable Trend, metric ton/yr Trend p-value o - 1250000~ Rappahannock: Phosphorus
TN Rappahannock TP Load o natural
Total watershed 12 0.70 1,000,000 - developed
RIM watershed * 4.5 0.73 ORIM 0O Below-RIM ™ .
Below-RIM watershed 2 6.7 0.55 = 750,000- B corcure
Below-RIM point source 2.5 <0.01 _ 10000 5 seplic
Below-RIM nonpoint source’? 13 0.30 = oo g 500000~ I Il sroeine
Below-RIM tidal deposition 2.0 <0.05 5 = W vestowater
TP é 250,000~ . stream bed and bank
Total watershed 5.4 0.15 0- . g{’,,”,;,“gif,l;{;‘?,;posm.
RIM watershed 5.0 0.12 1085 2009 2019
Below-RIM watershed 0.51 0.50 = Rappahannock: Sediment
Below-RIM point source -0.58 <0.01 g
Below-RIM nonpoint source 14 <0.05 R natural
SS Rappahannock SS Load
Total watershed 4,158 0.18 * 7+ 1,000,000,000- . :::Ez:
RIM watershed 3,484 0.21 ORIM O Below-RIM = coplc
Below-RIM watershed 680 0.19 £ . shoreline
Below-RIM point source -4.0 <0.01 & 500,000,000~ ——
Below-RIM nonpoint source 678 0.19
! Loads for the RIM watershed were estimated loads at the USGS RIM station 01668000 (Rappahannock River . stream bed and bank
near Fredericksburg, Va.; https://cbrim.er.usgs.gov/loads_query.html). 0- . gfn’:&"sﬁewrli:tzreposinon
2 Loads for the below-RIM watershed were obtained from the Chesapeake Bay Program Watershed Model 1985 2009 2019
(https://cast.chesapeakebay.net/).
3 Below-RIM nonpoint source loads were obtained from the Chesapeake Bay Program Watershed Model's USGS USGS Station Name Trend Percent change in FN load, through
progress runs specific to each year from 1985 and 2018, which were adjusted to reflect actual hydrology using Station ID start water year 2018
the method of the Chesapeake Bay Program’s Loads to the Bay indicator (see é é water ™ TP sS
https://www.chesapeakeprogress.com/clean-water/water-quality). TN year
01664000 RAPPAHANNOCK RIVER AT 1985 - -
REMINGTON, VA 2009 - -
01665500 RAPIDAN RIVER NEAR 2009 - -
RUCKERSVILLE, VA
01666500 ROBINSON RIVER NEAR LOCUST 1985 2.5 - -
Estimated Flow-Normalized Load Change (WRTDS) DALE, VA 2009 35 - -
01667500 RAPIDAN RIVER NEAR CULPEPER, 2009 -89 -6.8 7.1
VA
01668000 RAPPAHANNOCK RIVER NEAR 1985 -12.7 52.5 79.9
FREDERICKSBURG, VA 2009 6.3 27.9 28.3




Estuarine Factors Information
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What Now?
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Insights On Change (Potomac)

(a) POTTF-MD Spring DIN g
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New Insights: TN & TP Changes explained by RIM & BFL Point Source Loads

Susquehanna
a) GAM1: Flow %% b) GAM2: Flow + o Q‘ c) GAM3: Flow + 4. .Q" d) GAM4: Flow + o%‘.
ESE river loads T BFL point ‘@M river loads + -

e

Trend after accounting for flow (a): Trend after accounting for‘flow and load(s) (b, c, d):

V Strong decrease WV strong decrease ¢ None

© Possible decrease © Possible decrease ¢ Station not analyzed

< None \/ None, at station with strong decrease after accounting for flow only

* Station not analyzed ~ None, at station with possible decrease after accounting for flow only

Figure 5. Surface total nitrogen (TN) 1999-2018 analysis summarizing remaining trend after accounting for freshwater flow (a), river load (b), BFL point load (c) and both loads (d). Filled
symbols indicate trend was not explained by the variable(s), open symbols indicate trend was explained by the variable(s) added in that equation.

Rebecca Murphy and colleagues, in preparation



Ongoing Analysis: Spatial patterns may help explain change over time
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Ongoing Analysis: Synthesis effort insights can be incorporated

May see transient increase in mean chlorophyll a along a
restoration trajectory, but fewer extremes
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Drivers have different relative importance depending on habitat characteristics
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Figure 1: Proposed "water clarity habitats" framework for exploring drivers of water clarity across environmental settings in

Chesapeake Bay and its tidal tributaries Keisman Clnd CO//eagueS 2019
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Ongoing analysis to generate insights

Your work here?



Exploring “Why” Questions

2003-2005

USGS USGS Station Name Trend Percent change in FN load, through
time period WBRTE . . Station ID start water year 2018
1985‘_’1987 0 Patuxent River: Annual Trenc water N TP ss
ear
1986-1988 ND Long Term: 1985-2018 01591000  PATUXENT RIVER NEAR UNITY, MD 1,985 2.7 -58.6 13
1987-1989 ND 2009 7.5 18.5 19.4
1988-1530 01594440 PATUXEN RIVER AT BOWIE, MD 1985 -65.4 -64.2 -39.8
1989-1991 2009 -20.7 -6.4 1.2
1990-1992 E 01594526 WESTERN BRANCH AT UPPER 2009 6.3 -10.4 9.9
1991-1993 MARLBORO, MD
1992-1994 Station & . g L
1993-1995 Variable Trend, metric | Trend p-value ation b rOUplng J,ﬁ;;’-l :"?%‘;
Teoe 1507 ton/yr TN Level 4 i
1995-1997 ™ V,}% ,;_‘ o
@_ Total watershed -22 <0.01 g “kg}if:,’,i:“
1997-1999 RIM watershed * 14 <0.01 LA
1998-2000 Below-RIM watershed 2 9.8 <0.05 b ¥ ‘)‘E& \
1999-2001 Below-RIM point source -6.5 <0.01 @ Ary v)j
2000-2002 Below-RIM nonpoint source 2 -2.0 0.68 a§~'§’£ '
2001-2003 Below-RIM tidal deposition -0.90 <0.01 @ \/;,Gm )Z’
2002-2004 | o v .

2004-2006 Pataent i oad TNgrouping g™ | x\f?\"{ % o-‘i R g
2005-2007 ORIM  OBelow-RIM : HighTNS  “.g@ :AQ gl ,}‘-‘ "ﬁg" {”3‘:{

- o N4 ".*r\ . > a9 \;7 n;;
2006-2008 2 . ® Lowmn 8., \P,,?f‘n“ o e
2007-2009 o 3, ® ™3 2, ALe AT
2008-2010 | & g, ® ™2 Y iy ® s
2009-2011 B W {g«“
2010-2012 = w e ‘ e =
2011-2013 o g N TN &
2012-2014 o “"’0} i ¢ &
2013-2015 . X VR :
2014-2016 S L V9 . ‘\ el (g

l | T | 700y e 3
2015-2017 1990 2000 2010 2020 SRS VW
2016-2018 —— TF1.3 -4~ TF1.4 —— TF1.5 SR TR



Discussion

Reference for tributary modeling * “Get to know your trib”
efforts: * Are these patterns consistent with theory?

* Are these patterns consistent with process model predictions?
e ldentify priorities for new analysis and modeling studies

Inform management: *  “Why?” discussions

Stakeholder engagement * Gives local watershed groups valuable technical information that they can’t
produce themselves

e MWCOG used content in their 2019 Potomac Water Quality report
Potomac River Water Quality Report - Final.pdf

* Friends of the Rappahannock report card?
e Discussions are vehicle for new citizen science connections
* Rappahannock meeting SAV discussion

Updating: e Almost all “dynamic” figures are produced using automated scripts. Minimal
descriptive text is standard across all summaries for easier updating
* Watershed load information that was added/modified during review process
is documented. Produce cheat sheet for updating? Consider potential
automation with scripts?


file:///C:/Users/jkeisman/AppData/Local/Temp/1/MicrosoftEdgeDownloads/f8b0bde5-7da2-4e07-bc76-e07a62034af0/Potomac_River_Water_Quality_Report_-_Final.pdf
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