Sassafras River
Watershed Characterization

In support of the Sassafras Watershed Action Plan

Product of joint partnershigmong

Sassafras River Association

Center for Watershed Protection

Appoquinimink River Association

Cecil County Planing and Zoning

Cecil Soil Conservation District

Delaware Department of Natural Resources and Environmental Control
Kent County Planning, Housing, and Zoning

Kent Soil and Water Conservation District

Maryland Department of the Environment

Maryland Departrant of Natural Resources

McCrone Inc.

University of Maryland Center for Environmental Science
University of Maryland Environmental Finance Center
University of Maryland Se&rant Extension

Upper Eastern Shore Tributary Strategy Team
Washington College Ceart for Environment and Society

F2



TABLE OF CONTENTS

LIST OF TABLES.......oo oo 5
LIST OF FIGURES AND MAPS..... .o eeee e 6
LIST OF ABBREVIATIONS. ... .ttt ree e eeere e e e e eeas 8
1.0 INTRODUCGCTION. .. ..ttt ieeeiiisebe et e e e e e e s emmmr e e e e et e e e e e e e e e e e e e e s s s s amnnas 9
1.1 Purpose of the Characterization...............ccccuvvimmmrnsniiiiiieeeeee 9

1.2 Identifying Gaps in Information...............ccccceimiimmmnniniieeee 10

1.3 Additional Work Post the Characterization.............ccccccoevevieaeennenn. 10

2.0 WATER QUALITY ettt bneea e e e e e e e 13
2.1 Designated Uses and Water Quality Standatds...............ceeeveeueenn 13

2.2 Use Impairments and ReStriCtions..............ccccuvvvvimmmnnniiiiiiivieeee 13

2.2.1 NULHENTS. ...ttt 14

2.2.2 SEAIMENT....coiiiiiiiiie e 14

2.2.3 Biological IMpairment...............eeeeiiiiiiiiieeeiiiiiiieieieeeeee e 14

2.2.4 Toxicd PCBs and Fish Consumption Advisory.................. 15

2.2.5 Shellfish Harvesting ReStriCtionS.........cccccvvvvieiiiiieeceeiieeeenn 15

2.2.6 Toxic Algae BI®MS.........ouviiiiiiiiiiiiiiiii e 16

2.3 Water Quality MONITONNG ......ccoiiiiiiiiiiiiiieiiiee e 17

2.3.1 MDNR Monitoring in Tidal Waters............ccccvveerieriiieecnnnnne. 18

2.3.2 TMDL MONITOMNG ...etvvtiiiiiieiiiiiieieeee e eeeeee e 20

2.3.3 Maryland DNR NoRTidal Monitoring................eeeeeeeeereeieenee. 23

2.3.4 Delaware DNREC NotTidal Monitoring..............cccccvvvvvvvnnnn. 24

2.3.5 SRA Water Quality MoNitoring..........coooovvviiiiiiieenne s 25

Tidal MONItONING.....cooi e 25

NorHtidal MONItOrING. ......oooeiiiiii e 25

2.3.6 Beach MONItOrNG........cccoiiiiiiiiiiieieee e 26

2.4 Total Maximum Daily LOAS...........uuuiiiiiiiiiiiiieeeieieieeeeeeeeeeeee e 26

2.5 Sources of POIULION........coooiiiiiii e 28

2.5.1 POINT SOUICES.....ccoiiiiiiiiiii e eeeeee e 28

2.5.2 Diffuse or NONPOINt SOUICES......ccccvvviiiiiiiiiiiiiceeeeeeeeeeees 31

Woodland GUINIES..........uuuiiiiiiiiiiiiii e 32

ShOreling ErOSION........eviiviiiiiiiiiiiii e 32

SEPLC SYSIEIMS. ...ttt ettt eme s 33

Water Resource Based INdUSIIY...........c.cevvvvviiiiieeciiiiiiiieee. 34

2.5.3 External NONpPOiNt SOUICES..........ccovviiiiiiiiiiice e 35

2.6 Groundwater and Water SUPPLY........cooovveeiiiiiiccc s 36

.0 LANDSCARPKE ...ttt et 38
3.1 Land Use and LandSCape.............uuuuuurriirimmmiirririnriieeeeeeeeeeeeeseeeeees 38

3.1.1 Agricultural SIignifiCaNCe...........cccvvviiiiiiiiiiiices 39

3.1.2 The Zoning APProach........cccooiiiiiiiiiiieee e 40

Kent County, Maryland................ooooiimmn i 40

Cecil County, Maryland............ccccooooiiiiiiiccc e 41

New Casté County, Delaware.............cccceeeeiieiiseeecennnnnnnnn. 42

3.1.3 IMPEIrVIOUS SUIMACE. .....eeiiiiiiiiiiiiie e 42

F3



3.1.4 Buffered WaterWaysS............uceiiiieeeeee e eeeeeeeiees 43

3.2 Lands with Significant Natural Resource Value............c.c.oovvvvvieeee. 44

3.2.1 Green INfrastrUCIUIE. ... ...t 44

3.2.2 Large Forest BIOCKS...........coooiiiiiiiieeee e 45

3.2.3 Protected LandS......cccooviiiiieiiiieiiieeeeeeee e 46

3.2.4 Archeological Presence and Absence.........cccccevvveeeeeeeenneens 46

G TR T V1Y =Y i F= T o L PP PPUPRRTR 46

3.3.1 Wetland Categori€S. ......ccuvviiiiiiiiiiiiiiieeeeeeee e 46

3.3.2 Tracking Wetlands............oouuuuiiiiiiiieeeeiiiiiiiies e 49

3.4 Soils and Watershed Planning.........cccccoeeeeeiiiieeeeiiine s 49

3.4.1 Soil Types and ClasSesS..........uuuuurirriiiiiieemiiiiiiiiieieeeeeeeeeeeeenn 49

3.4.2 SOil Erodibility.......ccooeeeeiiiiiiiiieieeeee e 52

3.5 Floodplains and Low Elevation Areas.........cccccccveeiiiiieeeeiiiieneeeeen, 52

3.6 Human Population..............oooiiiiiiiimmen e 53

3.6.1 Demographics of Sassafras Watershed.................ccoeeeee. 53

4.0 LIVING RESOURCES AND HABITAT. ... eeeeeeeeeeeeee e 55
4.1 Submerged Aquatic VegetatiQn..............uuereeeeeiieemiieiiiiiieeieeeeeeeeeenns 55

4.2 FiSN SPECIES...ceiiiiiiiiiiieee e 57

4.2.1 Tidal ArCaS.....uiiiii i eiieeeeeeeee e 57

4.2.2 NOMTIAAl Ar€aS........ccveeiviiiiiiiiiiiimeeeeeeeirre s e e e e e e eeenrnnnes 57

4.2.3 DNR 5 year Eel StUY.....ccovvriiiiiiiiiiiiiiicee 59

4.3 SENSItIVE SPECIES.....cceii i e 59

4.3.1 Shellfish in the Sassafras...........cccceevvviiiiiieen e, 59

4.3.2 Rare, Threaterkand Endangered Species List................... 60

4.4 INVASIVE SPECIES ...uuvuiiiiiiiiiiiiiiieaeeeeeie ettt et e e e e e e e e e e e e e e amme e e e e e e e e e e 60

4.4.1 Water ChesStNUL.........ccooeeeiiiiiiieeeeeee e 60

4.4.2 Landscape Vegetation.........ccccvveieeiiiiiiecceieeeeeee e 61

4.5 Habitat CONSEIVAtiON. ........uuiiiiieee e e e e 61

4.5.1 Hardwood in the Sassaffas...............euveeiiiiccmeeeviiniiiinnnnn 6.1
REFERENGCES..... ..o eees s esnms e e e e e e e e e e e e e e e e ammraeaaees 63
Y s SRR 68

F4



LIST OF TABLES
Table 1.1 Subwatersheds in the SassafrasrRVatershed..........ccoovieveeiiiiieeenenn.. 9

Table 2.IMDE 2009 Advisory on Fish Consption for Sassafras River Area....15

Table 2.2 Key for MBSS Data...........ccoeviiiiiiiiiicee e eee e 23
Table 2.3 MBSS Findings for 2001 and 2007.........ccuvviiiiiiiiiieeiieeeeeeeeeeeeeee 24
Table 2.4 Stream Waders Findings from 2001 Benthic Sampling.................... 24

Table 25 NRDCAn nu a | Report fATest i-A009.0u.r.. .26t er so fror
Table 2.6 Phosphorus and Nitrogeoading from Point and Nepoint Sources.....27
Table 2.7 TMDL Allocated Loads for PhosphoReduction Needed farMDL ......27
Table 2.8 Baseline and Allowable Annual Loads of PCBs............ccccccovvieemneee 28
Table 2.9 MDE Permits Surface and Ground Water Discharge....................... 29

Table 2.10 Discharge and Effluent Limitatsofor Galena and Betterton WWS3.R..30

Table 2.11 Cecil and Kent County Shoreg&on Rate Summary.............cc.eeeeeeee. 33
Table 2.12 Clean Marinas, Clean Marina Pledges, and fuipacilities.............. 34
Table 2.13 MDE permitted water appropriation................eeeeeeeeeeeereeereeeeeeeneeeens 37

Table 3.1 2002 Marylad and Delaware Departments of Planning Land Use.Dz38

Table 3.2 Upstream Impervious Cover Threshalds...........cccooviviiiiceciiciiennnnn. 43
Table 3.3 Buffered StreamlsS............uvueieiiiiieeeei e e e e e 44
Table 3.4 Protected Land Surary for the Sassafras River Watershed.............. 46

Table 3.5 Wetland Acreage Summary Table Sassafras River Watershed....... 48

Table 3.6 Soil Types of the Sassafras Watershed.............ccoooviieeeiiviciiiinnnnnn. 50
Table3.7 Soil Summary for the Sassafras River Watershed..................c.cceee.. 51
Table 4.1 SAV Presence in the Sassafras River By.Y.ear.............cccceccceeeeninnns 56

Table 4.2 MBSS of Fish in Netidal Streams of the Sassafras Watershed........ 57

F5



LIST OF FIGURES AND MAPS

Figure 2.1 CHLA levels at Betterton Beach in 2007..............cuuveiiiiiccceeeeeiinnnnnns 20
Figure 2.2Phosphate levels in the Sassafras Watershed................cccoeeevinneee. 21
Figure 2.3Nitrate Le\els in the Sassafras Watershed.............cccvvvviceiviveiiinnnns 22

Figure 2.4 Average Annual Water Appropriation in the Sassafras Watershed.37

Figure 3.1 Land use in the Sassafras Watershed.............cccoovveeeiiiiiiiiinnnnnn. 38
Map 1. Sassafras RiVEr Area Map.........ccouuiiiiiiiiiiiieeeeeeee e 69
Map 2. Designated Use and Use ResStrictions...........ccccevvvvvimemeeeeeeeeeeeevvvennnnnnnn 0
Map 3. Continuous MONITONNG SIES.......ccooviiiiiiiiiiiceee e 71
Map 4. MDNR Shallow Water Monitoring Sites............cccccuuvviimiimmmniiiiiiiiieeeee 12
Map 5. TMDL Monitoring SIteS 1999.........ccciiiiiiiiiiie e ieee e 73
Map 6. TMDL Monitoring Sitef 200607 .........coeeeeriiiiiiieeee e 74
Map 7. Benthic Index of BiotiC INtegIity........ccoerriiiiiiiiiiiee e 75
Map 8. Fishindex of BIOtiC INtEGIILY.........coeeiiiiiiiiiiiiiceee e 76
Map 9. Physical Habitat INAeX...........couiiiiiiiii e 77
Map 10. Sassafras Samplers Monitoring LOCationS............cceeevvvvieeeeiiieeeeeeeenn, 78
Map 11. MDE PeIMITS...ciiiiiiiiiieeiieei i icmme e e e s 79
Map 12. Sewage Disposal SYStemIS.........ccoiiiuiiiiiimrnns e 80
Map 13. Land USE @nNd COVEL.......uuuiiiiiiiiiiieiieeeeeeeeeee et e ssimmme e 81
Map 14: IMPEIVIOUS SUIMACES.......uuuiiiiiiiiiiiiiii et 82
Map 15. CritiCAl AT AS......ceeiieiii e n 83
Map 16 Stream Buffer and FOrestS..........ooovviiiiiiiiiicccri e 84
Map 17. Green INfraStrUCTULE ........cooiieiit e ee et 85
M@aP 18. FOIESt COVEN......uuiiiii ettt iee ettt e 86
Map 19. Protected Lands..........ccoouuuiiiiiiiimmmiiiiiiiiii e eeeesee e e e e 87

F6



Map 21. HIStoriC SNOTElNe.. ..o 89
MaAP 22. SOIl GIOUPS. ...cceieeiieiiii it ee et seeens b r e e e e e e e e e e e e e emmns 90
Map 23. Floodplain (100 YEAI)......uuuiiiiiiiiaeeeei et eeee e 91
Map 24. CeNSUS BIOCKS...........uuiiiiiiiiiiiii e 92
Map 24b. Census BIOCK GrOUPS........coiiiiiiiiiiiii e 93
MaP 25. WEHIANAS......ceeeiieeeieeeee et 94
Map 26. Submerged Aquatic Vegetation (19801)..........cccvvvviiiiiiiiiiiicnnneeee 95
Map 27. Submerged Aquatic Vegetation (129DB9)........cccvvvviiiiiiiiiiiiiiiiceeeeeeen 96
Map 28. Submerged Aquatic Vegetation (2@DD7)........ceeeeeeeeeeiieiiiiiiiiieeeeaeees 97
Map 29. Fish Spawning LOCALIONS.........ccuviiiiiieiiiiieeeie e eeee e 98
Map 30. Ecologically Significant AraS..........cuuviiiiiiiiiiiieeneeeieeeeee e 99

F7



LIST OF ABBREVIATIONS

BIBI Benthic Index of Biotic Integrity

BMP Best Management Practice

CHLA Chlorophyll a

COMAR Code of Maryland Regulatien

CWA Clean Water Act

DHMH Department of Health and Mental Hygiene

DIN Dissolved Inorganic Nitroge

DNREC DelawareDepartment of Natural Resources and Environmental Control
DO Dissolved Oxygen

EPA United Stateg€nvironmental Protection Agency
FEMA Federal Emergency Management Agency

FIBI Fish Index of Biotic Integrity

HAB Harmful Algal Bloom

HIBI Habitat Index of Biotic Integrity

MBSS Maryland Biological Stream Survey

MDE Maryland Department of the Environment
MDNR Maryland Department of Natural Resources
NMP Nutrient Management Plan

NOAA National Oceanic and Atmospheric Administration
NPDES National Pollution Discharge Elimination System
NRCS Natural Resource Conservation Service

NRDC Natural Resource Defense Council

NSSP National Shellfish Sanitation Program

PCB Polychlorinated Biphenyls

PO4 Dissolved Inorganic Phosphorus

SAV Submerged\quatic Vegetation

SWAP Sassafras Watershed Action Plan

TMDL Total Maximum Daily Load

TSS Total Suspended Solids

UMCES University of Maryland Center for Environmental Science
USGS United States Geological Survey

WSSC Wetland of Special State Concern

WWTP Waste Water Treatment Ptan

F8



1.0 INTRODUCTION

The Sassafras River watershed is located in the Lower Elk River Basin, with its headwaters in
Delaware and the mouth at the Chesapeake Bay. Its geographic location lies across three
counties: Cecil and K& Counties in Maryland, and New Castle County in Delaware. The
Sassafras River itself is roughly 20 miles long and the watershed covers approxifhatplpr@
miles(Map 1). There are two municipalities within the boundaries of the Sassafras Watershed:
Betterton and Galena in Kent County, MD, and one municipality partially within the watershed:
Cecilton in Cecil County, MD (Map 1). The Maryland Department of Natural Resources
(MDNR) as well as the Delaware Department of Natural Resources and Envitah@emtrol
(DNREC), designate watersheddes across each state. Tablesiimmarizes these codes for

the Sassafras watershed and its respective smaller subwatersheds (Map 1).

Table 11 Subwatersheds in the Sassafras River Watershed

Subwatershed Number Subwatershed Name

Delaware Basin 21 Sassafras River
021306100353 Turners Creek/Lloyds Creek
021306100354 Money Creek
021306100355 Woodland Creek/Dyer Creek
021306100356 Back Creek
021306100357 Swantown Creek
021306100358 Herring Branch

An area rich in history, the Sassafras was sailed by John Smith and his crew in 1607 as a part of

their exploration of the Chesapeake Bay. At
Smith and his men jokingly attempted to catch them with frysngpé\Mennersta, 2001,23).
Smith documented his journey on the Sassafras and on Adust1 6 07, fAt he party

surrounded but taken peaceablaygdDavig20051e Theoc k wo g
exact location of this tribe on the Sassafsasnknown, but historical accounts and artifacts
indicate thahumans have been shaping the Sassafras watershed for quite some time.

1.1 Purpose of the Characterization

The intention of this document is to characterize the Sassafras as it is taugyeadily
available information to report on the current health and physical components of the watershed.
This characterization is also the first step in devisingséesafra¥Vatershed Action Plan which
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will guide future restoration projects. Specdily, the Watershed Characterization is intended to
meet several objectives:

e Dbriefly summarize the most important or relevant information and issues;

e provide preliminary findings based on this information;

¢ identify any gaps or discrepancies for hat research or analysis;

e suggest opportunities for additional characterization and restoration work; and

e provide a common base of knowledge about the Sassafras River Watershed for local
governments, citizens, businessasd other organizations.

1.2 Identifying Gaps in Information

It is important to identify gaps in available watershed knowledge and gauge the importance of
these gaps. In assessing data gaps, there are three areas into which the information has been
divided.

e Water Quality: water chmistry, biology, physical, pollution sources
e Landscape: land use, soils, wetlands, lands of natural resource value, human population

e Living Resources and Habitat: submerged aquatic vegetation (SAV) abundance, fish species,
sensitive species, invasive sps and habitat conservation.

1.3 Additional Work Post the Characterization

The Watershed Characterization is intended ta dtarting point that can be updated as needed.

It is part of a framework for a more thorough assessment involving additigut from various

core team members and partners. Several of the items below have either been completed, are in
process, or are considered potential future actions @ecdmbef009.

Completed:

e A stream corridor assessment, in which Marylandgeovation Corppersonnel physically
walked the streams and catalogued important issues. The training for this section was given
by MDNR and the results are reported in the Sassafras Watershed Action Plan (SWAP).

e A synoptic water quality survey, i.a.program of water sample analysis that can be used to
focus on local issues like nutrient hot spots, point source discharges or other selected issues.
A synoptic survey was completed in Fall 2006, Spring 280d Spring 2009 by MDE.
Findings of the syrtic survey of the streams in the SasssiRiver Watershed are also
reportedn SWAP.
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e Atidal shoreline assessment where observations were made along the tidal shorelines of the
Sassafras River, noting areas of severe erosion, inadequate, lauftebsk charactastics
such as dilapidated bulkads and hardened shorelines. This assessment was conducted by
the Sassafras River Associati@RA) and restoration engineers.

¢ An upland assessment conductedh®/Center for Watershed Protection whicicluded
written observations of the developed areas of the wateasttedotential pollution sources.

In process and continuing into the future:
¢ Input from local citizens
e Self-investigation by Cecil, Kenand New Castle Counties

e Targeted technicassistance and assessment by partner agencies or contractors gathering
additional support data and documentation.

Ultimately SRA will continue to gatherelevant data in one locatioifhe goal fotthis initial
characterizationvasto gather relevant bagkound and physical characteristics of the watershed

as well as information on water quality and land use being sure to identify any pertinent gaps.
There are many documents that will be referenced throughout this report, however it is important
to note hat many were written over ten years ago, and changes have occurred to the landscape,
management of natural resources, and overall water quality. Many indicators that were
historically used to assess the health of the Sassafras watershed are mentionet bu

importance is placed on prioritizing problems in the watershed and solutions or restoration
projects to address those problems.

e Maryl andbés 1998 Clean Water Action Plan, U
to prioritize watersheds throughdbe state in four categories: Restoration Watersheds,
Preventative Action Watersheds, Protection Watersheds, and Watersheds with
insufficient data. Many different data sets were examined as possible natural resource
indicators that together would determiim which category a certain watershed belonged.

The indicators selected were grouped into
areas of watershed condition. These groups were: water chemistry, aquatic living

resources, instream physical habitand landscape. These were used as the basis for
comparison of -dtilge t 9Ot avtad &3 sh& sff8 al t hough n
enough information to complete each indicator. Once information was collected, each
watershed was prioritized and pldda one of the four categories. The Sassafras River

was put into Category 1 which means n n eseodhtion (MDNR, 1998)

e Assessment Report of Del awarebés Chesapeake
Del awareds appr oac htmentdfd\aterdl Regsoeirdeséng t he Depa
Environmental Control (DNREC) to coordinate between all divisions (air and waste
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management, fish and wildlife, parks and recreation, soil and water conseraation

water resources) amprehensive management plangostec t i ng Del awar eds
Chesapeake Basin. The Sassafras watershed makes up roughly 20 square miles of the
Chesapeake Basin in Delaware, and while this assessment does not make individual
watershed based recommendations, it does highlight the major issuesutiogttib the
Chesapeake Bay from Delaware, and management strategies to addre3NRESE,

2001)

e Total Maximum Daily LoadTMDL) for Phosphorus was written by the Maryland
Department of the Environment (MDE) and was approved by the Environmental
Protection Agency (EPA) in 2002. This document was written to address one of the use
impairments on the Sassafras: nutrients. Because phosphorus was determined through
sampling as the nutrient that limits algal growth, a daily maximum was determined for
theinput of phosphorus on the Sassafras (MDE, 2002b).

e A report detailing th& otal Maximum Daily Loads for #olychlorinated Biophenyls
(PCBs) in the Sassads River Qligohaline Segmehtwasdrafted by MDE in 2009 and
submitted to EPA for approval. Thiscument addressed the impagamb of PCBson the
Sassafras (MDE, 2009).

Because restoration is an active evolving prodessyWatershed Characterizatiand the

resulting Watershed Action Plavill be maintained as living documents within an active

evolving restoration process. These documents will need to be updated periodically as new, more
relevant information becomes available and as the watershed is monitored and reassessed.
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2.0 WATER QUALITY

Many factors are considered when evaluating the watditgjof a givenbody of water
Acknowledging the #ect the landscape, and humiaiteraction or manipulation d¢te land and
waterhaveon its quality is critical. Assessing the overall water quality of the Sassafras requires
a combination of data froast and present monitoring from both the tidal mainstem of the

River and nontidal creeks and streams across the watershed. Modeling is another tool that
watershed scientists can use to estimate fairly accurately where the majority of certain pollutants
are coming from and therefore the total loading into the waterbody

2.1 Designated Uses and Water Quality Standards

Across the country, every state is required to designate its waterbodies for particular uses, which
are associated with a set of wataality criteria necessary to support that use. In the state of
Maryland there is a Code of Maryland Regulaif@OMAR) that cites the various uses for each
specific water body and what standards must be achieved in that waterbody in order to fulfill that
use. The Maryland surface water use designation states that all surface waters of Maryland shall
be protected for water contact recreation, fishamrgl protection of aquatic life and wildlife

(MDDS, 2008). The Sassafras is designatedldsealandUsell waterbody.Use Idesignation
includes waters that are suitable for: water contact sports; play and leisure time activities where
individuals may come in direct contact with the surface water; fishing; the growth and
propagation of fish (other than tr), other aquatic life, and wildlife; agricultural water syppl

and industrial water supp(¥IDDS, 2008). Only in its Oligohaline segment (also referred to as

the Sassafras River embayment) it is designatétsasiwhich means support of estuarine and
marine aquatic life and shellfish harvestigDS, 2008).

Delaware also designates surface water quality standards to the various stream basins across the
state. These standards are separated into different categories of beneficial use of waters of th
state which must be maintained and protected through application of appropriate criteria. The
Sassafras River Basin is designated as an industrial water supply, primary and secondary contact
recreation, fish, aquatic life and wildlife, as well as ancajural water supply (DNRE, 2008).

2.2 Use Impairments and Restrictions

Some streams or water bodies cannot be used to the full extent envisioned by their designated use
due to some impairment. This is why Section 303(d) of the Federal Clean Wateqéiots

states to identify these water bodies in a |i
may require preparation oflaviDL to address the water quality and/or habitat impairment in the
affected water body. The TMDL puts a limit ooviamuch of a certain pollutant a water body

can | ikely tolerate and still meet its design
Sassafras River as being impaired for nutrients, sediment, biological impairments (poor or very
poor fish and bnthic organism populatiopsand toxics PCBsand fish consumption advisory)
(MDE, 1996; MDE 20023 MDE, 2004; MDE 2008y). In addition to these official state
impairments, there are issues that affect not only the health of the river but impaiignsides

use such as shellfish harvesting restrictions and toxic algal blooms. According to the Delaware
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2008 Combined Watershed Assessment Report (305 (b)) and Determination for the Clean Water
Act Section 303 (d) List of Waters NeedimlylDLs, the Sassafis River is impaired for
biological and habitat pollution stressors (DNREG08).

2.2.1 Nutrients

The tidal portion of the Sassafras River was listed as impaired by nutrients in the 1996 303(d) list
(MDE, 1996) The origins of these nutrients weredidtas natural and nonpoint sources. This
impairment was given low priority, although a TMDL was submitted in 20@1agproved by

the EPA in 2002 According to the April 2002 repofitotal Maximum Daily Loads of

Phosphorus for the Sassafras Rivarpairment by both nitrogen and phosphorus contribute to
excessive algal blooms and concentrations of dissolved oxygen below the minimum State
standard ©5.0 milligrams per liter (mg/. The algae and dissolved oxygen problems impair

local conditions preventindesignated uses of the Sassafras RM&E, 200D).

2.2.2 Sediment

The tidal portion of the Sassafras River is listed for impairment due to sediments on the 1996
303(d) list(MDE, 1996) The potential sources of these suspended sediments were listed as
natural and nonpoint sources. This impairment was given low pributyvas also cited as a
problem that would be addressed in two years. This impairment was later changed to a total
suspended solids (TSS) listing and was moved from Category 5 Mftlyéand Integrated
Assessment of Water Quality (waterbody is impaired, does not attain the water quality standard,
and a TMDL is required), to a Category 2 (waterbodies meeting some water quality standards,
but with insufficient data to assess all impanits) in the 2008 Integrated Report (M2B0&).

2.2.3 Biological Impairment

The nontidal portion of the Sassafras River is listed as impaired for biological degradation or
limitations in the 2004 303(d) li$MDE, 2004) In selected stream segmesiigtewide,

populations of benthic macroinvertebrates and fish and their associated physical habitat have
been assessed by the Maryland Biological Stream Survey (MBSS). Based on criteria developed
for each physiographic/ecological zone in Maryland, e&€as segment is rated gsod, fair,

poor, or very poor. Ratings of poor and very poor were listed as biological impairment for the
first time in Maryland in the draft 2002 303(d) list of impaired waters. In the Sassafras River
watershed, one streamesdppears on the list because of biological impairment. Swantown

Creek is listed based on 2001 samplinghefstream. Refer to section 3.®n Biological

Monitoring for a reference table and the data in reference to the Sassafras River.

The tributares of the Sassafras Rivarelisted on the2008Delaware 303 (d) lidior biological

and habitaimpairmentyDNREC, 20089 The Sassafras was al so given
indicates that a TMDL is needed in order to address the impairment. A target 8810 was

set for the Sassafras to complete a TMDL for biological impairment. Refer to section 2.3.4 on
Delaware Monitoring for an explanation of this score and the factors analyzed.
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2.2.4 Toxicsd PCBsand Fish Consumption Advisory

Maryland Depament of the Environmemhonitors and evaluates contaminant levels in fish,
shellfish and crabs in Maryland watef8IDE, 2008b) This monitoring allows MDE to

determine whether the specific contaminant levels in these species are within safe limits for
human consumption. One such contaminant found in the Sassafras is polychlorinated biphenyl,
or PCBs The tidal portion of the Sassafras River is listed as impaired for toxic compounds on
the 2002 303(d) listMDE, 2002a) PCBsare listed for the cause ttfis toxic impairment and a
TMDL has been drafted by MDE and submitted to EPA for final apprd¥@Bsbelong to a

family of marrmade organic chemicals known as chlorinated hydrocarbons. They were
domestically manufactured from 1929 until their ban9@9 USEPA, 2008).

AlthoughPCBsare no longer produced in the U.S. their past use and improper disposal has
resulted in elevated levels in the Sassafras. Certain fish, such as channel cat and white perch
the Sassafras can accumulate this sabstéo levels which are harmful to human consumption.
Current advisories are the result of contamination due to this pastR€8efand are

summarized in Table 2.(MDE, 2009. For more information on the fish consumption advisory
seewww.mde.state.md.us/CitizensinfoCenter/FishandShellfish

Table 2.1 Maryland Department of the Environment 2009 Advisory on Fish

Consumption for Sassafras River Area Recommended Maximum Allowdke
Meals Per Year

CrEnsEl Women Children
Species Area Population Contaminant
(60z meal) | (30z.meal)
(80z meal)
Channel PCBsi risk
, Sassafras Rive 9 6 AVOID driver &
Catfish .
pesticides
PCBsi risk
White Perch| Sassafras Rive 24 18 14 driver &
pesticdes

2.2.5 Shellfish Harvesting Restrictions

Portions of the Sassafras River are affected by shellfish harvesting restrictions which include

clams, oysters, and mussals d e f i n e desidnated Md2 pupes@dap 2) Tidal

waters from the mouthoféh ri ver t o Ordinary Point are fires
harvesting of oysters and clams is allowed at
tributaries are noshellfish harvesting waters. This may seem contradictmrgidering the

Sassfas has a Be Il designation, which means support of estuarine and marine dde &t

shellfish harvesting,dwever, the upper Chesapeake Bay is restricted to shellfish harvesting for
Aadmini strative 0 délhisareass desigted as Use linvaters; howevdr e d
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there is insufficient shellfish resource for harvesting due to the fresh water input from the
Susquehanna River. Since there are no oysters or clams to harvest and the NSSP requirements
for sanitary survey is not met, the are classified as restricted. In order to protect shellfish

waters directly below this area, the shellfish harvesting water desigreoraluable protective

me a s (MDE, 8008).

2.2.6 Toxic Algae Blooms

Algae are a natural and critical part of theeGapeake Bay Ecosystem. Algae are like any other
land plant in that they photosynthesize, capturing sunlight and converting it to food. They occur
in a size range from microscopic cells floating in the water column (phytoplankton) to large mats
of visible macroalgae that grow on bottom sediments. Algae may become harmful if they occur
in an unnaturally high abundance or if they produce a tokihigh abundance of algae can

block sunlight to underwater bay grasses, consume oxygen in the water ledingilts,

produce surface scum and odors, and interfere with the feeding of shellfish and other organisms
that filter water to obtain their foodSome algal species can also produce chemicals that are

toxic to humans and aquatic life (MDNR, 2008c).

The Sassafras River has consistently been subject to various algal blooms over the years.

Maryland Department of Natural Resourbes studied populations of algae on the Sassafras

since 1995, and in many instandégrocystis(a toxic algal species) hagen observed.

MDNROGs website includes a note that states Al l
a reportable iliness so physicians should be reporting these to local health departments. The

MDNR in coordination and cooperation with the Degpeent of Health and Mental Hygiene

(DHMH) and MDE will continue to monitor algal blooms throughout the state. For up to date
information on all of Maryland's harmful algal blooms and water quality, please visit Eyes on the

Bay atwww.eyesonthebay.net ( MDNR, 2008¢c) .

The University of Maryland Center for Environmental Science (UMCES) is currently funded by
Maryland Sea Grant until January 2011 to assess algal population on the upper Sassafras and
research envimmental conditions that promote the development of nuisance blooms and that
result in the demise of such blooms. Algal blooms in the Sassafras are a product of the
biogeochemical conditions (or abiotic factors of ecosystems such as watganidrdr)in the

upper river. However such blooms have also been found to haasistlining biological

feedback mechanisms which allow them to survive without additional inputs from their
surrounding environment. High pH is evident when algal blooms removweassa/e amount

of carbon dbxide, and in turn the highptelan resul t i n t he bomddénase of
the sediment, badkto the water column. This mechanism may sustain the bloom for extended
periods of time by providing phosphorus for gtbwIn addition, nitrogen fixation from some
cyanobacteria may also help to sustain high algal biomass by providing nitrogen (Gornwell
2009).

The key objectives of the Sea Grant project inclddi@ strong spatial/temporal monitoring of

water columrand sediment biogeochemical processes at the mostptiéi site in the
Sassafras Riveand 2) an effort to understand the mechanisms leading to the excessive growth
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of algae. High pHhave been observed in the upper river and this impact will be explbred

particular, the objectives will be addressed by a seasonal study of sediment biogeochemistry, pH
effects on benthic nutrient cycling, and pH impacts on algal dynamics in the upper Sassafras

River. Sediment flux experiments in the upper SassafrasrRiuring springsummer 2009

indicate that P and N stored in sediments can be a source of soluble reactive phosphate (SRP)

and ammonium (Nk) that can help support phytoplankton growth during the summer. Flux

rates were compared before and after the semm A bl oomo period: with te
cyanobacterial decomposition, the efflux of SRP and'N#evated from sediment into water
column(Cornwell, 2009.)

According to MDNR data, water column pH was surprisingly high for considerable periods of
2007 and 2008 and elevated pH was observed for a shorter period in 2009. Lab experiment
showed that increases in pH resulted in enhancement of benthic N and P release. The nitrogen
release rate was almost doubled and P release increased by an ordentofimadren pH was
increased from.Dto 9.5. High pH favored P release because pHD(©1099.2) increases the
desorption of R or AP in sediment. In addition, pH can directly affect the sediment surface
and convert ammonium (NfJ to ammonia (NK). The relative increase of Njtoncentration
changes the pore water profile, and promotes nitrogen. Elevated pH inhibited N losses via
dentrification, which is a microbially facilitated process of nitrate reduction that may ultimately
produce gaseous produstsch as nitrous oxides £8) and dinitrogen (B. This result indicated
that dense phytoplankton blooms, by increasing pH, can facilitate release of nutrients from
shallow water sediments in the upper Sass&@asnwell, 2009

Diel elevation of pH by eénse blooms may also facilitate daytimdidation by cyanobacterial

blooms in water samples, which would add new N derived from atmosphantoNhe system

and help maintain blooms. nwper ati on with Dr. Judy OO6Nei ||l
(light mediatedC uptake) and nitrogen fixation (acetylene reduction) were measured in order to
investigate the effects of dissolved inorganic carbon (DIC) availability and pH on both
photosynthesis and N fixation. In the light, £@ptake by phytoplanktoresulted in an increase

of pH from 8 to ~9.6 in the fAnatural o treat me
bubbling to provide enough G@r photosynthesidDramatic effects on nitrogen fixatiomere
observediuring the light phase of the ingation. In high pH conditions, the-fikation rate

increased for nine hours, whereas in the low pH treatments, nitrogen fixation decreased
dramatically after 6 hours incubation in the light. Nitrogenase, the enzyme complex performing
nitrogen fixation, iextremely oxygen sensitive. Nitrogen fixation can be inhibited by the O

evolved through photosynthesis. DIC limitation of photosynthesis (high pH) during dense

blooms may favor increasedfikation by cyanobacteria, which relieveslimitation, adds ma

N to the ecosystem and helps to perpetuate blooms (Cornwell, 2009).

2.3 Water Quality Monitoring

In order to investigate and determine the impairments observed in the Sassafras watershed,
monitoring of the tidal mainstem as well as all the creeks @medrss is necessary. Both

Maryland and Delaware as a part of their statewide natural resource programs are required to
give reports on theonditionsof their rivers. As part of that requiremeMDNR have had a long
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term monitoring station on the SassafRiver since 1988ampling various parametayace a

month. Maryland Department of Natural Resoure¢so runs a neaeal time continuous

monitoring program designed to collect water quality data while also drawing links between

water quality and eves such as harmful algal blooms and fish killhey are alsin the third

year of a shallow water monitoring program that assesses the same parameters at five sites once
per month between April and October. In the nontidal regions, MDNR has takerclkzerthi

fish samples to monitor the health of the st a
locations in the Sassafras as a component to their Chesapeake Basin Assessment, and the
Sassafras River Association has been monitoring on a volunteerdyabis past four years. In
addition, both the Cecil County and Kent County Health Departments routinely monitor for
bacteria levels in the water at select community beaches along the shores of the Sassafras River.

2.3.1 Maryland Department of Natural Resources Monitoring in Tidal Waters

There is one longerm monitoring station (ET3.1) in the Sassafras watershed located on the
Route213 bridge crossing the Sassafras River, in approximately 5 meters of water (Map 3). This
station is monitored once aomth throughout the entire year. This lelegm ambient water

guality monitoring program, which has data from 1986 to present, assesses nutrients, chlorophyll,
total suspended solids and physical parameters such as pH, salinity, dissolved oxygenyand wate
clarity via secchi depth.

Data for this station ar@ssessed in part using a nutrient limitation model, which seasonally
predicts whether algae growth is limited by light (nutrient saturated), nitrogen, or phosphorus.

The model was developed by Tonstrer and Anne Gustafson of the UMCES Horn Point
Laboratory. Based on data collected between 2005 and 2007 the model predicts that in the
winter months, algae growth at ET3.1 is limited only by light, i.e., nitrogen and phosphorus are
present in abundance\lgae growth in the spring is also primarily light limited, with slight
phosphorus limitation (excess nitrogen). The dynamics shift in the summer months as the system
becomes nitrogen limited (excess phosphorus) as the available nitrogen is usdiaeugrowing
phytoplankton population. The fall dynamics change again, when the station becomes primarily
light limited again, with partial nitrogen and phosphorus limitation (MDNR, 2009).

Dissolved oxygen (DO) is one parameter measured that has datal@rd inboth Maryland and
Delaware. Fiveng/L is considered the level at which DO must meet in order to sustain aquatic
life. Falling below 5 mg/L indicates a possible life threat to fish and other organisms. Low DO
can also indicate that there atber factors at play such as high nutrients. At station ET3.1
samples were taken every month from 1986 to 2008, one and a half meter from the surface and
another one meter from the bottom. Dissolved orygenained high most montb§the year

with lowerlevels between June and August each year. In July of1988 DO reached a low

of 3.7 mg/L and in August of 1991 and 1992 DO was also seen at 3.5 mg/L. These were lowest
historic readings of DO on the Sassafras, and in recent years (since 2003atkdredn no

readings below 5 mg/L at the ET3.1 station according to MDNR.

Maryland DNR also has two continuous monitoring stations that operate in near real time 24
hours a day year round. This program is funded in part by a grant from National Oceanic
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Atmospheric Administration (NOAA), and has been monitoring water quality since 2006. In

2006 there were two continuous stations: one at Betterton Beach and one at Georgetown Yacht
Basi n. In 2007 an additional 20G8the siationatas 1 ns
Georgetown Yacht Basin was removed (Map 3). All data for both the long term monitoring

station as well as the continuous monitoring stations in near real time can be viewed by

navigating the Eyes on the Bay webgMDNR, 2008l).

MarylandDNR is currently in the second year of a three year shallow water monitoring program
that assesses the same parameters at five sites once per month Aptivead October

(shallow water monitoring program data are not available for June 200&)of the sites are

part of the continuous monitoring project and three sites are part of thdoslataonitoring

project (Map 4). In addition to data being collected every four seconds, biologists also stop at
five stations along the river and takergades that are later processed for nutrients (nitrogen and
phosphorus), chlorophyll, and total suspended solids. Light penetration is also calculated at these
stations. Currently, the State of Maryland does not have nutrient, chlorophyll, or total gaspend
solids standards available for the estuarine waters of the Chesapeake Bay. However some
indication of water quality condition can be obtained for concentrations of total suspended solids
(TSS), chlorophyHa, dissolved inorganic nitrogen (DIN), and slived inorganic phosphorus

(PO4), and water column light through comparisons to the recommended habitat requirements
for submerged aquatic vegetation (SAV) @&FBA-CBP, 2000).

Thirty samples are available for 2008 from the five shallow water monitorogggm stations

(no samples were collected in June). In terms of light requirement it is recommended that 13%
of ambient surface light penetrates the water column in order to support the growth and
propagation of SAV. Of those 30 samples, the recommdiglgdequirement of greater than

13% for oligohaline waters (salinity between 0.5 arpBactical salinity units) was met or

exceeded only four times. The recommended requirement was met three times at the lower most
station (XJH2362) located at theooth of the river and once at XJ12112, which is the next up

river station. These results indicate that water clarity throughout most of the Sassafras River is
inadequate to support the growth and propagation of SAWNR, 2009.

The recommended SAV haaitrequirement for sediment of less than 15 mg/L (TSS) was met

for 18 of the 30 samples that were collected. Fewer samples met the requirement in April, May,
and September than other months of the SAV growing season. The TSS requirement was met
for 13 ofthe 15 samples collected in July, August, and Oct@deNR, 2009)

The 2007 chlorophyll concentrations shown in Figure 2.1 indicate that from late July to nearly
mid-October, chlorophyll concentrations far exceetedSAV habitat requirement t#ss tlan

15 ug/L. These data werecorded with a Yellow Springs Instrument data sonde which was
deployed at Betterton Beach in 200/G{NR, 2009.

All but one PQ sample met the SAV growing season iiegment of less than 0.02 mg/L,
however, given the high fluescencechlorophyll values observed the continuous monitoring
datasondes, the POnay be low, because R@as used in the production of algae. Current data
(as of 2008) from the shallow water monitoring program can also be viewed at
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http://mddnr.chesapeakebay.net/sim/dataflow_data.cim#sassdinesavailable dataof the
Sassafras River indicatieat the system is currently nutrient rich with poor water clarity,
paricularly after heavy rain, and has an excess amount of algae. In general, the SAV habitat
requirements are not met. It is anticipated that water quality in the Sassafras River will improve
following the aggressive implementation of best managementgeadhat target the reduction

of nutrients and suspended sediments (MDNR, 2009).
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Figure 2.1 CHLA levels at Betterton Beach in 2007

2.3.2 TMDL Monitoring

Data werecollected by MDE at 20 water quality stations in the Sassafras River and its branches
during 1999 in order to do analysis for the TMDL finosphorus (Map 5). Three sets of

samples were collected during seasonal low flow periods in the summer and three high flow
periods in the winter. Problems associated with eutrophication, which isexbess nutrient

input leads to growth of algae and vegetation, were seen more frequently in the summer season
(low flow period) which is when there is typically less stream flow available to flush the system,
higher temperatusgand more sunlight availadfor aquatic plant growth. Refer to the TMDL

for more detailfMDE, 2002b)

As a follow up for the TMDL, a Nutrient Synoptic Survey was conducted in the Fall of 2006 and
Spring of 2007 for the Sassafras watershed (Map 6). Samples were analyatal foirogen

(TN), total phosphorus (TP), orthophosphate JPaDd Nitrate/Nitrite (NQ+ NOs). There are

no water quality standards for nutrients in Maryland but for the purpose of this analysis, nitrate
levels above 1 mg/L were considered anthropog®itcate/Nitrite levels between 3 and 5 mg/L
were considered high and those over 5 mg/L were considered excessive. For phosphates, levels
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of 0.01 to 0.015 mg/L were considered high and those above 0.015 mg/L were considered
excessive.

A total of 30 stes were chosen based on access, therefore mainly consisting ofassidgs.
Sampling during the Spring analFallows for the capture of high and low flows. Many stations
during the fall of 2006 were drieading to the gaps in the data string. Meaosphorus
concentrations for the spring and fall were 0.011 mg/L and 0.001 mg/L respectively.
Nitrate/Nitrite mean concentrations were 4.25 mg/L in the fall of 2006 and 3.99 mg/L in the
spring of 2007. ThedH 2006 survey indicated five sites witlghiorthophosphate levels and ten
sites with elevated nitrate/nitrite levels in the high category. Four sites were deemed high for
orthophosphate during the spring 2007 survey while 14 sites tested high or in excess for
nitrate/nitrite (Spotts, 2009). Refto figures 2.2 and 2.3 for the varying phosphate and nitrate
levels across the watershed.

Upper Eatern Shore Synoptic Survey:
Sassafras River Watershed Phosphate

PO (mg/L)
0008

B «oc
[Jemm-om
[lsor-ooms
B oo

Figure 2.2. Phosphate levels in the Sassafras Watershed
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Uppgr Eatern Shore Synoptic Survey:
/Sassafras River Watershed Nitrate

Figure 2.3. Nitrate Levels in the Sassafras Watershed

In September 2000, fish tissue samples were collected by MDE in the Sassafras River
embayment. Because the total PCB (tPCB) levels in the fish tissue sampled exceeded the state
threshold of 39 ng/g, the Sassafras River was 303 (d) listedpasred forPCBs Beginning in

2006, water column samples were taken throughout the embayment and in 2006 water column
samples were collected in two nontidal sites of the Sassafras watershed in order to complete a
TMDL for PCBs The state of Maryland apted three separate ambient water quality/water
column criteria for PCB levels: a human health criterion for protection of human health
associated with consumption of PCB contaminated fish, as well as freshwater and salt water
chronic criteria for proteatn of aquatic life. The tPCB human health criterion is set at 0.64
nanograms/liter (ng/L). This criterion is based on a cancer slope factor, bioconcentration factor,
a lifetime risk level and exposure duration of 70 years and a fish intake of 17.5dgamA/

cancer risk level provides an estimate of the additional incidence of cancer that may be expected
in an exposed population. The Maryland aquatic life freshwater chronic tPCB criterion is 14
ng/L and the saltwater chronic tPCB criterion is 30 nghthile none of the total average water
column tPCB conadrationsin the Sassafras embayment exceeded the Maryland 30 ng/L,
aguatic life saltwater chronic criterion, all exceeded the 0.64 ng/L ambient water quality and
water column human health criteridDE, 2009. Based upon this information a draft TMDL

for PCBsin the Sassafras River has been completed by MDE and submitted to EPA for final
approval. This draft summarizes the baselines and allowable annual loadsPC®sahd the
required load r@uctions in order to meet the state health criterion. Refer to section 2.4 Total
Maximum Daily Loads for additional information.
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2.3.3 Maryland DNR Non-Tidal Monitoring

Maryl and Depart me n tMargahd Bivladical Steedm Sereey MBI3ISPdans 0

in 1993 as a pilot program to study three select watersheds. In 1994 the program expanded
statewide and was the first random stream sampling program, as its intentiorgeasraie

neutral results of stream conditions from across the state. Jtneams ranged in size from

large river basins to medium sized watersheds. The Sassafras watershed was one of these to be
sampled in 2001 and in 2007. Samples were taken in Swantown Creek, Woodland Creek, Duffy
Creek and Herring Branch.

A nonttidal benhic index of biotic integrity (BIBI) is one score generated from work done by
MBSS sampling. This score is based on species diversity, species composition and productivity.
These parameters are scored and summed to calculate a BIBI for a given sif@. (Mapther

score that is generated from MBSS sampling in-tnded streams is the netrdal fish index of

biotic integrity (FIBI). This score is measured much the same as a BIBI, but includes several
different parameters parhing to fish species, suelsthe number of native species, percentage

of dominant species, and if there is a presamckpercentage of tolerant species (Map 8).

Physical habitat is another indicator that wa
and was historicallyalculated from MBSS sampling (Map 9). The physical habitat index (PHI)

score is based on several different observational measurements such as channel erosion,

alteration, land us@nd instream habitat conditionHabitat measures the quantity and qualft

physical habitat available in the stream for fish and benthic macroinvertebrates and the rate or
degree to which the stream channel may have been altered due to landscape changes.

Maryland Department of Natural BReu r waustéer monitoring prografm St r eam Wader s 0O
another nortidal sampling program in which BIBI scores are generated to evaluate level of

stream healthMaryland Biological Stream Survegyotocols are used in this monitoring

program, and results of these tests as well as the M&8pliags can be accessed online at
http://mddnr.chesapeakebay.net.

The reference levels for the BIBI, FIBInd PHI scoresrander om fAgoodo (fae Avery
2.2). Table 23 shows the MBSS findingseif the five sampling locations in the Sassafras

Watershed, and Table2shows the volunteer monitoring data from 208faryland Biological

Stream Survegcores show mostly poor to fair conditions in the benthic communities. Based on
MBSS samplingandBll scores, for the most part, the fi

Table 2.2Key for MBSS Data

Index of

Biotic Index
Integrity Ranges Very Poor Poor Fair Good
Fish and 1.0 (worst) tc5.0 (best) 1.01.9 2.02.9 3.03.9 4.05.0
Benthic
Physical

Habitat 0.0 (worst) t0100.0 (best) 0.0-11.9 12.041.9 42.0-71.9 | 72.0-1000

Source: (MDNR, 2001)
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Table 2.3MBSS Findings for 2001 and 2007

. Score
Stream Name Station # Fish Benthos Physical
Swantown Creek SASS102-R-2001 1.6 3.0 79.23
Woodland Creek| SASS-104-R-2001 4.3 2.7 64.9
Herring Branch | SASS205R-2001 4.3 3.5 65.94
Duffy Creek SASS120-R-2001 4.3 2.1 68.25
Sassafras River | SASS105R-2007 (no longer
4.0 3.2
calculated)

Source: (MDNR, 2001; MDNR2007)

Table 2.4 Stream Waders Findings from Q01 Benthic Sampling

Station Number Stream Name BIBI Score
357-5-2001 Duffy Creek Poor
357-4-2001 Jacobs Creek Poor
357-3-2001 Jacobs Creek Poor
357-2-2001 Swantown Creek UT Poor
3571-2001 Mill Pond Creek UT Poor
356-4-2001 Cox Creek Poor
356-3-2001 Cox Creek Poor
356-1-2001 Hall Creek Poor
3552-2001 Woodland Creek Poor
3551-2001 Dyer Creek Poor
3531-2001 Lloyds Creek UT Poor

Source: (MDNR, 2001)

2.3.4 Delaware DNREC NonTidal Monitoring

I n Del awareds 2008 Combiant¢3a5 (BNand®etesnhiratobon férs s e s s m
the Clean Water Act Section 303 (d) List, watersheds across the state are analyzed under various
parameters and then rated based on the severity of degrg@atiBEC, 2008) Two sites were

selected in th®elaware poribn of theSassafras and were visited on two occasions (Map 3).

Various factors such as channel modification, instream habitat, bank stability, bank vegetation

type, shading and riparian zone width were observed and rated on a scale frobteitt@®fa

certain parameters Orto 20 for others. These scores were calculated and a habitat index was
generated. Benthic samples were also collecte@ d@ohthic index scomgasassignedased on

the numbeand typef organisms found in the samplé this score was less than a 66
(degraded) then the water body was assigned a

means a TMDL is needed. The A50 is essenti al
categorize watersheds (DNREC, 200% e first sitewas sampled twice for biological
impairment. 1 scoreda 30% in1993r e sul t i ng i n aclaBsffiatomndesdoned d e gr a «
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a 73%in 2003 which was considered to beiiig 0 0 d ¢ oHhodevdr, iit I3 conservatively

listed on the 303 (d) fdriology as severely degraded because this was the worst condition

observed. The second site scored a 10% from the one sampling instance, placing it in the
Aseverely degradedodo cat egor yhefirstdtesdored aP2g ar ds t
ad 95% in its respective sampl i nghesegandsiteng it
scored a 52%, listing it as severely degraded on the 303 (d) list for habitat. Due to the severely
degraded listings for both sites, the Sassafras Riveridlisten Del awaredés 303 (d
and biological impairments (DNRE@008).

2.3.5 SRA Water Quality Monitoring

Tidal Monitoring

Water quality testing was conducted three times a year from October 2005 to October 2008 at the
same 20 sitealong the tidal mainstem of the Sassafras River (Map 10). Although sampling

protocol and units differed from MDE and MDNR monitoring programs, volunteer results

showed similar resultsPhosphatevas greater than 0.1 parts per million (ppm) approximatel

100 percent of thetime,wita r bi di ty |l ess than 40 JTUGs at on
results also indicate that phosphate levels are consistagttlahd water clarity ipoor.

Using the volunteer data from 20@508, a smaller subset ofisl sites was selected and

monitored once a week from May to October by the Sassafras Riverkeeper. Dissolved oxygen,
pH, salinity, conductivity and temperature were measured at each of the seven sites in half meter
intervals from the bottom of the water@mn to the top using a hand held YSI myltobe

instrument. In addition, two samples were collected at each site: one at the surface and the
second, one meter from the bottom. These samples were brought back to the lab and analyzed
for turbidity usingan instrument called a turbidimeter. Much like a colorimeter, a turbidimeter
uses light to determine the amount of suspended solids within a sample. More light reaches the
detector if there are lots of small particles scattering the source beam. Bhef tumibidity from

a turbidimeter are called Nephelometric Turbidity UnN3'J). Turbidity was also measured at
each site using a secchi disk. Tidal results in terms of water clarity are fairly consititgyast
monitoring results. Sites locatearther up river display higher turbidity readings than those sites
located towards the mouth of the river. Dissolved oxygen was generally higher at the surface of
the water column and lower at the bottom at almost every site.

Nontidal Monitoring

Beginning in Spring 2009, the SRA volunteer water quality monitoring program extended into
the nontidal streams of the Sassafras watershed. Volunteers collected samples from 16 sites at
road crossings and bridges, once a month from April toi@ctoSamples were analyzed for
nitrite-nitrate, phosphate, ammonium, pH, copper and dissolved oxygen by using colorimeters
from LaMotte chemical company. A colorimeter is a device that determines the concentration of
a known solute (like phosphate or anmum) in a given solution by measuring the absorbance

of wavelengths of light by that solutioThese2009 data will primarily serve as a first year

baseline from which to direct future restoration efforts or targeted monitoring.
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2.3.6 Beach Monitoring

In 2003, Maryland began designating public beaches as high, mextilow priority based on

the risk of disease to swimmers. This was required of all coastal counties in thasstiady

were recipients of a federal grant called the BEACH Act gr&ahe EPA allowed individual

states to select the criteria that would be used to rank the beaches, which in most cases included
Anumber of wusers, ,kmawn poinli dtoiromgsoesues s, a
judgme n(NRDC, 2008). If a standaid exceeded, the issuance of a beach advisory is

required. The indicator organism for testing has li&#erococcusor E. Coli. The BEACH

Act required standards for marine waters is @éderococcusolony forming units per 100

milli liters (ml) and forfreshwater the standard is 2B5Coli colony faming units per 100 ml.

Table 25 lists the years and percent of the samples taken that exceeded these required standards.

Table 2.5 Natur al Resour ce fDleefsetnisneg Oy
from 2005-2009
Year Beach Total Samples Percent Exceedance
o5 | Pelelnpeand | o
2005 Greg Neck Beach 18 17%
2005 Kentmore Park Beach 17 6%
oo | Poperengesnd |
2007 Gregg Neck Beach 33 18%
2007 Growve Point Camp 18 17%
2008 Grove Point Camp 18 11%

In 2004 Betterton Beach and Public Landing was closed from Augliso #ugust 28' due to

algae and bacteria. The cause or source of pollution was not identified. In 2006 Betterton Beach
was again losed from June 3bto July 28" as a result of exceeded bacteria counts. In 2007

Grove Point Camp was closed from Juffe®June 1% and in 2008 was closed from Augu&t 5

to August 12" for unknown sources.

2.4 Total Maximum Daily Loads

MarylandDepartment oEnvironmentuses the 303(d) list to determine whether a certain water

body needs a Total Maximum Daily Load (TMDL) written to address a certain pollutant. A

TMDL is the total maximum amount of a given pollutant that a waterbody cardisnlarged

to it while still meeting its designated uses. TMDLs are established to achieve and maintain

water quality standards so that a waterbody can meet its designated uses. A waterbody may have
multiple impairnents with TMDLs to address eaahd MDE:is responsible for establishing
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TMDLs for impaired waterbodies in the state of MarylanBblDILs include two key components,
1) a maximum pollutant load that the water can accept while still allowing the ivadly to

meet its intended usand 2)anallocation of the maximum pollutant load to specific pollutant
sources.

As of April 2002, only one approved TMDL for the Sassafras River watershed existed. The
reportTotal Maximum Daily Loads of Phosphorus for Sassafras Rixer completed by MDE

in Decembepnf 2001 and was approved by US EPA in April 2Q0IDE, 2002b) This

document addressed the impairment of nutrients only, establishing a SassafrdsviRidor
Phosphorus. Table@shows current loads as of 1997 from both point and nonpoirdesoun

the watershed. Table72consists of allocated loadings given by MDE to point sources and
nonpoint sources after TMDL implementation, as well as total pounds and percentage reduction
needed in order to meet those allocated limits for both the pointesoamd nonpoint sources in

the watershed. A TMDL foPCBsis currently under development and a public draft has been
released for reviewas of September 2009. Tabl8 8hows a summary of baseline and allowable
annual loads of total PCB and therequredad r educti ons to meet the
designated uses.

Table 2.6 Phosphorus and Nitrogen Loading from Point and Nopoint SourcesBased

on 1997 Land Use ta

Nutrient Point Sources | Non-point Sources Total Loading
(Ibs/yr)
Phosphorus 6,824 13,494 20,318
Nitrogen 16,877 176,553 193,430

Table 2.7 TMDL Allocated Loads for Phosphorusand the Percent Reduction deded

to Meet the TMDL Allocation

Load Reduction needed | Phosphorus Reduction Needec
Allocation to meet TMDL to meet TMDL
(Ibslyr) %
Phosphorus
TMDL 13,875 6,443 31.7
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Table 28 Summary of Baselineand Allowable Annual Loads of PCBs and the Required

Load Reduction

Source Baseline | Baseline| TMDL Load_
(glyear) (%) (g/year) | Reduction
Bottom Sedimen(resuspensiodiffusion) 4,496.1 45.99 463.2 89.7
Chesapeake Bay (tidaifluence) 5,133.2 52.50 390.1 92.4
Atmos. Deposition (to embayment surfacs 117.9 1.21 117.9 0.0
Maryland Watershed and Nonpoint
Sources* 25.0 0.26 25.0 0.0
Delaware Upstream 2.6 0.03 2.6 0.0
Nonpoint Sources/Load Allocations 9,774.9 99.97 998.8 89.8
WWTP * 2.0 0.02 2.0 0.0
NPDES Regulated Stormwater* 0.5 0.01 0.5 0.0
Point Source/Waste Load Allocations* 2.5 0.03 2.5 0.0
MOS 111.3
Total 9,777.3 100| 1,112.6 88.6

Notes:*These sources were characterized only for the Maryland portidre afatershedVaste Water Treatment
Plant loads were considered todeminimisand at this point will not be subject to the traditional waste load
allocation requirements. (TMDL for PGB

2.5 Sources of Pollution

There are two different types of water pollutipoint source andampoint urce. Both kinds of
pollution degrade the quality of surface ajrdundwatemaking them unsafe for drinking,
fishing, swimmingand aquatic life.

25.1 Point Sources
In 1972, as a component of the Clean Water Act, a permit program, the NRtidotant

Discharge Elimination System (NPDES), was esthbtlisto control point souragater pollution.
Point sources are defined as any conveyance such as a pipe enmadeaditch that eventually
discharges directly into the surface water. Indigichomes that are connected to a municipal
system, use a septic systemdornot have a surface discharge do not need an NPDES permit;
however, industrial, municipal, and other facilities must obtain permits if their discharges go
directly to surface watse (USEPA, 2008. Waste Water Treatment Plants (WWTP) are an
example of a point source pollutant as the discharge from a plant can contribute nutrients into the
water that consume oxygen upon which aquatic life depends for survival. Industrial paiet sou
is another example of a contributor of various forms of pollution. The NPDES program was
created to regulate any type afipt source pollution. Table2lists NPDES permitted facilities
as well as any MDE permitted facility whether it has a sunfeater, groundwater or industrial
stormwate discharge (Map 11). Tablel®. gives the discharge numbers as well as the effluent
limits for the WWTPO6s.
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Characteristics of permitted discharges (volume, temperature, pollutants, etc.) are tracked by

MDE through the permit system. This information is accessible to the public and can be
obtained from MDE through filing a Public Information Act requegiw.mde.state.md.us/pia

Table 2.9 MDE Permits-- Surface and Ground Water Discharge

Discharge Eacility Name MD Permit / Receiving Stream / Street /
Type y NPDES Permit Description
Sassafras River/Third
Betterton Wastewate 01DP0591/ Ave/surface municipal
Treatment Plant MD0020575 discharge for treated sewage
effluent
Galena Wastewater 01DP0528/ Dyer.C.:reek/.MD Rt.213/surfac
Treatment Plant municipal discharge for treate
MD0020605 sewage effluent
Georgetown Yacht 07S16024/ Sassafras Rlver/Augustlne
Basin. Inc Herman Highws/general
Surface ! MDG766024 perm|t
D_\Nartlter Sassafras River/Augustine
ischarge ;
Georgetown Yacht 08DP3610/ I—!erman. H|ghway/surface
Basin. Inc industrial discharge for
g MD0070033 painting, maintenance and ic
machines
Indian Acres 07S16035/ Back or Dowdel Qreek/nghl
Campground Island Rd/cpmbmed onsite
MDG766035 sewage disposal systems
Kent Sand and 00MM9896/ Jacobs Creek/Alexander Rd
Graveli Alexander and Massey Rd./general pern;
Pit MDG499896 for a borrow pit
Duffy Creek/Sassafras
ISE America, Inc. 01DP3134 Rd./groundwater indusirial
discharge for egg processing
Groundwatel lagoon
Discharge
Duffy Creek/CeciltoAwWarwick
ISE America, Inc. 01DP2593 Rd./groundwater industrial

discharge
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Table 2.9 MDE Permits-- Surface and Ground Water Discharge

Discharge Eacility Name MD Permit / Receiving Stream / Street /
Type y NPDES Permit Description
Marina MDG766124 discharging into groundwater
Skipjack Cove 02S16130/ Sassafras River_/Skipjack
vachting R Rd./general permit for podl
achting Resort MDG766730 discharge to groundwater
Industrial .
Stormwater David A. Bramble, 02SW1670 Swantown CreeBramble
) INC. Way/Fa Asphalt Plant
Discharge

Waste Water Treatment Plants in the Sassafras watershed are located in Galena and Betterton.
Gal enads plant was built in 1962, and current
and treats it using a lagoon systttiDE WMA, 2003. Although this system has been used to

treat wastewater for many years, in small communities like Galena it is not capable of matching

the pollutant removal efficiencies provided by new wastewater treatment technologies. Both
nitrogen and phosphorusvecaused water quality degradation in the Sassafras River and

lagoons do not provide the environment needed to remove significant amounts of nutrients like
nitrogen and phosphorus from wastewater strea
althoughit is permitted to discharge 200,000 gallons of treated wastewater per day, the plant
receives and treats an average of 12,000 gallons of sewage (RiaYWMA, 2004) Raw

wastewater is mechanically screened and treated in an aeration tank and-dlgafter that is

housed in a single tank. While this method has been maintained for many years, like the lagoon
system, it is an outdated facility that is not capable of removing nitrogen and phosphorus to the
extent of enhanced nutrient removal anddgaal nitrogen removal systems.

Table 2.10 Discharge and Effluent Limitatiors for Galena and Betterton WWTPs

Waste Monthly Weekly
Water Effluent Loading Loading '\A/I\?:rt;“); X\\//(;(::Ié Sampling
Treatment | Characteristics Rate Rate (m /I? (m /IE)J Frequency
Plant (Ibs/d) (Ibs/d) g 9
Biochemical One per week
Oxygen Demandq 23 (50) 34 (75) 30 45 8 hour
(BOD) composite
One per week
Total Suspende
Betterton Solids (TSS) 23 (50) 34 (75) 30 45 cfmhpoousri te
WWTP Maximum Minimum
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Table 2.10 Discharge and Effluent Limitatiors for Galena and Betterton WWTPs

14 MPN/100 ml One per week
Fecal Cdiform monthly median Not applicable grab
concentration
Total Residual , One per day
Chlorine Not Applicable Grab
Dissolved . . One per day
Oxygen Not Applicable 5.0 mg/l at anytime Grab
pH 8.5 6.5 O”eggbday
Flow A maximum of 0.2 million gallons per day (mgq Continuously
is the permitted effluent amount. recorded
One per week
BOD 6.8 (15) 10 (23) 30 45 Grab
One per week
TSS 20 (45) N/A 90 N/A Grab
/?g?'l’jfg;gl'\; 1.1 (2.5) 4.7 One per week
(11/1-4/30) 2.5(5.5) N/A 11.0 N/A Grab
Total .
One per week
Phosphorus (TP
(5/1-10/31) 24(5.4) | 3.6(8.1) 10.7 16.1 Grab
Galena Maximum Minimum
WWTP 200 MPN/100 ml One per week
Fecal Coliform | maximum monthly log N/A (pBrab
mean
Total Residual One per day
Chlorine 0.028 mg/l N/A Grab
Dissolved , One per day
Oxygen N/A 5.0 mg/l at any time Grab
pH 8.5 6.5 O”eggbday
Flow 0.060 mgd is the permitted effluent amount. Continuously
recorded

2.5.2 Diffuse or Nonpoint Sources

Any source of pollution that does not have a specific origin or conveyance into the surface or
groundwateis referred to as a nonpoint source of pollution. Nutrients and sediment are the most
common types of pollution to resdrom nonpoint sources as they can travel from surfaces into
nearby waters. Rain water that runs off of the land, roads, buildindgsny other surface can

pick up nutrients and sediment and carry those pollutants into the surfageandwater

Nonpoint pollution is the most difficult type of pollution to address because it does not have an
exact origin. Best management practices for land use and land cover are the most effective ways
of addressing this type of pollution, but are difficult to iepent and enforce. Some facilities

are permitted for industrial stormvea pollution (Table &). These facilities are required to
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install best management practices to prevent pollution to nearby surfageandwatedue to
stormwater runoff.

Another type of nonpoint source pollution is atmospheric deposition, which occurs when
pollutants are transferred from the air to the earth's surface through rainpsmsorption of
pollutant particles fromaps form into the water. Grouwdter contamin@on from failing septic
systems sengas yet another nonpoint pollution source that makes significant nutrient
contributions to the overall system.

Woodland Gullies

Woodland Gullies are a natural landform feature common to the Sassafras River. ulliesse g

are difficult to access as they are located predominantly in upper tributaries of the River in
intermittent areas that do not always have perennially flowing streams. However, in storm events
these areas experience the effects of heavy water egpaguch eventually sends sediment and

its binding nutrients down to neidal streams. These gullies form in wooded ravares

typically eroded the uppermost reach of the channel causing a head cut where the channel
intersects with another land useeayphe erosion coupled with stormwater runoff, creates large
plumes where sediment collects and severely clouds sections of the River. This large contributor
of sediment to the River serves as a difficult problem to assess due to the inaccessibdityeand |
cliffs. Mapping out the presence and persistence of these woodland gullies should be taken into
consideration in order to understand the characteristics of these gullies in the Sassafras River
Watershed Observing aerial photographs during the tdageason as well as topographic maps
could be a way of identifying some of these areas. Anecdotal accounts could also serve as a
source of information to locate problem areas. Once these areas are flagged, they can be ground
truthed to validate the sefity of the problem and assess the possible solutions. The issue of
headcutting erosion can be reduced through the installation of drop structures and Kent and Cecil
Soil Conservation Districts should be consulted for potential project areas and sdioition
headcutting erosion.

Shoreline Erosion

Erosion of shorelines can be a significant source of pollution as sedindestibbreak off and
enterthe water column. Erosion can occur from many different sources such as critical area
development pdestruction, major storm evengsd wakes from recreational boating. As
discussed earlier, nutrients cling to soil particles and travel with sediment as it runs off the land
and into the water. Shoreline erosion inadvertently results in pollutie@dohsent and nutrients

into local waterbodies. In 1998, Kent County implemented a living shorelines policy which
prioritizes the implementation of nonstructural shoreline protection based on very specific
criteria. Structural measures are permitted amigreas where nonstructural practices are
impractical or ineffective. Resources are available to all county residents through MD Coastal
Zone Management and Resources Conservation and Development (a branch of NRCS). In 2000,
MDNR put together the Erosiorask Force Report, which identified and analyzed areas that
were highly susceptible to shoreline erosion, and recommended strategies to manage them
(MDNR, 2000) Since the Erosion Task Force Report was writtédDNR has worked to

i mpr ov e t hteto metlic arendtbat anekai alhiggk of shoreline erosion. This is
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possible by examining historic erosion rates as well as the effects ofdarhd sea level rise.

Table 211 gives a summary of Kent and Cecil Cousrtysion ratesince thosera the two

Maryland counties with tidal shorelines in the Sassafras River Watershed. Using Maryland
Geological Survey Maps historic shoreline changes from 1895 to 2004 can be tracked. Map 21
shows changes i n the shor adtie meuthoffthe Eassafsasl 6 s
River on the Kent County side. Through further examination of these maps, calculation of
acreage or miles of shoreline lost to erosion is possible, as well as the total volume of sediment
pollution to the Sassafras River frahe shoreline erosion.

Cr e

Table 2.11 Cecil and Kent County Shore Erosion Rate Summary

Erosion Rate
il
Total (miles)
Total Eroding Oto2feet/ | 2to4feet/ | 4 or more feet
County | Shoreline| Shoreline year year I year
Cecll 200 44 (22%) 39 5 0
Kent 268 78 (29%) 64 12 2

Source(MDNR, 2000)

Septic Systems

Twenty percent of property owners in Maryland use septic systems for treatment of their
wastewater. The average person contributes approximately 9.5 Ibs of nitrogen each year to the
groundwatethrough septic use. In Maryland there are over 51,000 properties in the critical area,
which is the land within 1000 feet of tidal waters (Map 12). Using spatial data from Maryland
Department of the Environment which identifies points on a map of egptig System in the

state, the number of septics in the Sassafras was calculated. In the Sassafras River watershed
there are approximately 1718 homes that use septics as their source for wastewater treatment.
Approximately 824 of these homes are locatetthe critical area. In addition to individual on

site homeowner septic systems, the Sassafras watershed has community shared septic systems.
Nine of these are located at a campground in Earlville, MD in Cecil County called Indian Acres.
On the campgmand there are approximately 2150 parcels: roughly 1700 privately owned and 450
owned by the management company that maintains the property. At the individual campsites,
residents have holding tasikvhere waste and grey water eolected. When these tesare

full, they are pumped out and the waste is transported to one of nine large community septics,
where the waste settles out in the larger drain field. This campgroundigiaalty established

as a partime residency but over the years, more @sisl began limg at the campground on a
full-time basis. The infrastructure for handling waste was not adequately upgraded to account for
this increase in waste flow and septic usage. Another community septic system is located at a
Girl Scout Camp alsmm Earlville, MD in Cecil County. These shared septics are used seasonally
and by hundreds of people at a time (URS Corporation, 2004).
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It is estimated that almost 80 percent of nitrogen from conventional septic systems reach a local
waterways (Boris2009). Septic systems along the water are not the only problem as all septic
systems discharge some nitrogen to groundwater. While some of this groundwater is consumed
as drinking water, much of the groundwater is eventually disctiémgaurface watersThis

means that ALLnonupgradedseptic systems are contributors of nitrogen pollution to the
Sassafras River.

State funding is available to Maryland Residents who are interested in upgrading their septics to
a system the removes nitrogen before diggihg to groundwater. In 1998, Kent County
implemented a nitrogen removing septic system requirement on all septic systems which require
buffer variances (Moredock, 2009). In 2006, both Kent and Cecil Counties began implementing
a local Bay Restorationuad Program which assists property owners to install a nitrogen
removing/best available technology component to their existing systems or to defer that cost in a
case of complete replacement systems (Boris, 2009).

Water Resource Based Industry

In the Sasdeas River watershed there are seven marinas and two boat yards. The predominance
of these water based businesses draws a large recreational boating community in the summer
season. This boating population serves as a potential source of pollution dsateneare not

aware of certain best management practices (BMPs) while recreating on the river. For example,
discharges of sewage from boats compromises water quality since various nutrients and
pathogens are released in the sewage. This contribites® Sassafras Riveros
impairment of nutrients. However, there are opportunities for the boating population to
participate in BMPs through pumping out boat sewage at a pump out station versus dumping
sewage overboard. The Clean Marina progisaemother way for marina owners to be certified

in voluntary maintenance of their facilities in order to manage water resources more consciously.
This can help to promote an environmental ethic and stewardship amaecs bodhe

watershed. Table 22 shows all Clean Marinas, Clean Marina Pledges, as well as pumpout
facilities on the Sassafras River. According to individual correspondence with marina owners on
the Sassafras River, there are approximately 1,800 boat slips occupied at various times
throughout the year. All marinas on the Sassafras River are using individual septic systems,
which in the summer months can experience a surge in use from boat slip occupants.

Table 2.12 Clean Marinas, Clean Marina Pledgesind Pump-out Facilities

Marina

Certified Clean

Clean Marina

Pump out Available

Marina Pledges
Duffy Creek Marina X X
Georgetown Yacht X (3/3/03)
Basin
Gregg Neck Marina
Salll_ng Associates X (4/24/03) X
Marina
Sassafras Harbor X (1/26/99) X

Marina
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Table 2.12 Clean Marinas, Clean Marina Pledgesind Pump-out Facilities

Marina

Certified Clean
Marina

Clean Marina
Pledges

Pump out Available

Skipjack Cove
Yachting Resd

X

X

Granary Marina

Source(MDNR, 2008a)

2.5.3 External Nonpoint Sources

A United State

Envi

ronment al

Protection

suspended solids (SS) entering the Chesapeake Bay from the Susquehanna River Basin
contribute to nutrienénrichment problems in the BaUSEPA, 1982, 634)The Sugjuehanna

River contributesearly 50% of the freshwater discharge to the Chesapeake Bay in a year of

normal or average strediow. However, the river also transported treatest amount of

nutrients, at approximately 66% of the nitrogen, 40% of the phosphorus and 25% of the sediment

loads from all noftidal areas in the Chesapeake Bay Basin (Langland, 1997).

An additional study was conducted through a partnership hatiPennsylvania Department of

Environmental Protection, USEPA, and the Susquehanna River Basin Commission, at twelve

sites from 1984 to 1989 to quantify nutrient and SS transported to thdB&pnigal, 2008
In 1990 this was reduced to five sites, and994 one more long term monitoring site was

added. As

a par't

t h-tdal Watey QualpyeMarktaringB a y
Network, 13 sites were added in 2004, and in 2005 four more sites were added. This project

involves monitoring efforts conatted by all six Bay states in order to create a uniform

monitoring network for the entire Bay watershed.

In 2007, a report using this long term data was conducted by the Susquehanna River Basin
Commission in cooperation with Pennsylvania DepartmeBnefronmental Protection, Bureau
of Water Quality Protection, and Division of Conservation Districts and Nutrient Management,

to present basic information on annual and seasonal loads and yields of nutrients and SS
measured during 2007 and compare thesleetdong term mean (LTM) from 1985 to 2007.

There was below average rainfall (except in January, March, April and December) that led to a
below average LTM annual flows. But a connection between nutrient loads and flow showed
that total nitrogen (TN) ahsuspended sediments (SS) were below the LTM. The report also

documented that despite the decrease in TN and SS loads, there was a dramatienrotahse

phosphorus (TP), andssolved orthophosphate (DOP), indicating the DOP may be the nutrient

of most concern or in need of additional attention and management (McGonigal, 2008).

The Susquehanna could be a significant nutrient source, especially for the lower portion of the

river toward the mout h. il n

S u mahas part af thes e
Chesapeake Bay Agreement, could have a significant positive effect on the Sassafras River

gualityo (28)DBom Figher(@209) from University of Maryland Center for

Environment al

Science,

r e mfahe basghfras Hasito be 8tipnglg | i t y

Agenc

Progr



influenced by Susquehanna River discharge due to tidal exchange and the large difference in
basin sizes. Nonetheless, the net flow is out of the Sassafras, and water quality in the upper
Sassafras (upstream ofthemowth) | | be | argely determined by |

2.6 Groundwater and Water Supply

The sole source of domestic water supply in the Sassafras River Watergtweththvater

Surface water is used for irrigation and livestock watering oBlpundwatein this area comes

from a series of aquifer layers that are formed by sand and gravel deposits. The aquifers are
separated by confining beds that are composed of clay and silt. This aquifer system can be

vi sualized as a fAtiltedtel apeat heakeo tmat rgst s
surface composed of crystalline bedrock (Drummond, 2008). From shallow to deep, the aquifers

in the Sassafras area are the Columbia, Aquia, Monmouth, Magothy, Patapsco, and Patuxent
aquifers. Generally, the shallosteaquifer in a given area is used for smaller water supplies,

whereas larger supplies (like industries and public suppliers) go to deeper aquifers (Drummond,
2008).

The layers of sediment underlying the watershed, contain plenty of water for wellaghléno
groundwater study will be necessary in order to confirm this. However, in some wells the water
is hard and in others there are problems with contamination from nearby septic systems. A
characteristic on the Sassafras is older homes with outdasdidyvg and either hand dug or

driven wells. New wells are drilled to anywhere between 60 and 200 H®omes with failing
septicsserve as a source of pollution to groundwater sources, as nitrogen and other contaminants
are no longer filtered (Kent Cotyn 2008b). Well testing would be beneficial to determine

possible contamination sites from septics, and whether this is affecting drinking water quality.

Various state and federal agencies are in the process of developing a Science Plan for a
Compehensive Regional Assessment of the Atlantic Coastal Plain Aquifer System in Maryland
(Aquifer Assessment Plan). The Aquifer Assessment Plan addresses the Coastal Plain area which
includes most of Southern Maryland, nearly all of the Eastern Shore (mglaliliof Kent

County), all of Delaware south of Wilmington, and the northeast corner of Virginia. The Aquifer
Assessment Plan will address significant declines in water levels andquatgy problems in

parts of the aquifer system that may be exacedoay increased withdrawals. When the

assessment is completed, Kent County will incorporate applicable parts of the assessment into its
Plan Kent County, 20080

In the Sassafras River watershed there are three municipalities which operate community wate
supply systems to homes within. All other homes obtain water from theipovatewells. In

addition to the municipalities there are many other permits for water appropriation in the
watershed. Some of these are for irrigation of crop fields, amiakd cattle watering, and
commercial purposes such as marinas, restaurants, sand and gravel oparationsseries.

Table 213 gives the average annual use of each category of water appropriation, and the allotted
annual use from MDE. Figure 2.4 shethe percentage of each type of water use in the

Sassafras Watershed.
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Table 2.13MDE permitted water appropriation

Type of Use Maximum Annual Use Average Annual Use
(gallons) (gallons)
Irrigation and Cattle/Poultry 10,596,000 3,003,500
Residential 3,946,800 399,700
Commercial and Industrial 1,906,200 860,800

Source(Kelman, 2008)

Average Annual Water Appropriation

Commercial and
Industrial Use

20% Irrigation and
(s

Cattle/Poultry
Use
70%

Residential Use
10%

Figure 2.4 Average Annual Water Appropriation in the Sassafras Watershed
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3.0LANDSCAPE

A watershed is the area of land where all of the water that is undeliréios off of it goes into
thesame river system. As explo@hn Wesley &well expressed, a watershedtlsat area of

land, a bounded hydrologic system, within which all living things are inextricably linked by their
common water course and where, agans settled, simple logic demanded thay become

part of a community(USEPA, 2008c).

What this means is that drop by drop, all water, from streams, creeks, groundwater, or channeled
from the soil, eventually makes its way to a larger river, indase the Sassafras River. Water is

a universal solvent, and is affected by everything that comes into contact with it. The most
important aspect to remember is that even if someone is not living on the water, he or she is
living in a watershed and everytigi that is done on the land affects the water quality in its given
watershed.

Watershed landscape type and land wikin a watershed can affect water quality. Either by
riparian zones, soils, and vegetative cover, water quality is affected. In@ghrdge the affects

of land on water quality, there are a series of indicators used to identify and assess landscape
conditions that affect overall watershed health.

3.1 Land Use and Landscape

Figure 31 shows land use summaries from 2002 Marylartizeiaware Departments of

Planning data. If surface water is included in land use percentages, then approximately 57% of
the land use is agriculture. A quartétize landscape is forest, anth4s developed (residentia

or commercial) land. TableBshows land use by subwatershed, and Map 13 outlines each of
these land use areas in the watershed.

Wetland

Developed
evelope T

4%

Water____.—-——f""

14%

[. 3

Forest

4% Agriculture
(i)

57%

Figure 3.1 Land use in the Sassafras Watershed

F38



Table 3.1 2002 Maryland and Delaware Departments of Planning Land Use Data

Subwatershed | Agricultu re | Forest | Developed | Wetland 'Ilii?a?l Water | Total
Money Creek 2306 2504 3% 4% (525202? (jgc;)? 4168
Woodland/Dyer 620 2304 3% 1% (88;3;)8)3 (113(;0? 9716
Back Crek 5506 23% 504 1% (872;)? (11304/10? 8485
JS";agtsoo‘gEéék 64%| 22% 7%|  0.5% (1598)25 (;30% 15914
Herring Branch 20% 2704 3% 0.3% (1;900}0()) (1%5) 11015
Total Watershed 5704 24% 4% 1% (5:67(23 (fj:/l; 62144

Acknowledgng the methods of determining land use percentages is important as some of these
numbers can contradict other sources. When Maryland Department of Planning calculates land
use, the numbers are based on a level two United States Geological Surveyatiasssiaheme.
These schemes are developed from high altitude aerial photography and satellite imagery, and
where possible Property View information at a scale of 1:63,360. This is considered a more
generalized data set and differing pockets of datafeee combined with a larger surrounding

land use. (MDP, 2002).

3.1.1 Agricultural Significance

Recognizing the predominantly agricultural land use in the Sassafras Watershed is important in
its characterization. More than halftbEwatershed area tonsidered aorking landscape

which generally results in an improved connection betweepéaopleand land Since

Europeans first settled on the Eastern Shore of the Chesapeake, this region has been agricultural
based. From tobacco production to pa¢s and corn, agriculture has changed and shaped the
identity of the watershed. Agricultural practices of the first colonists did not address problems of
erosion and sedimentation. There were many historic problems with flooding and soil loss. But
between 1750 and 1820 there was a transition in farming methods that revolutionized the way
agriculture affected the landscape. Crop rotation was introduced as a way to replenish the soil,
and the shift from deep plowing to conservation tillage helped preeénbss and movement.

Today agriculture i'Watersheds comprised predomantly of row crops: corn, sbgansand
wheat. There are various animal operations such as dairy, famdg®oultry, as well as
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nurseries (tree and shrub). Best ManagerRemttices BMPs) with regardto agriculture have

come even farther in technology and practice. Nutrient Management Plans (NMP) for example,
are required by both the state and federal government for all farms. The purpose of NMPs is to
conserve the usd tertilizer and regulate its applicati@s to prevent excess fertilizer from
absorbing into groundwater or running off to nearby surface water. In 1997 Governor Paris
Glendening of Maryland appointed an action commission to study events surroBfiesteyia
outbreaks on the Lower Eastern Shore, and then recommend policy actions to the Governor.
Pfiesteria piscicidaa tiny marine organism identified in the last decade in estuaries in North
Carolina and Delaware and in the Chesapeake Bay and itatrdsythas been blamed for killing
fish and causing health problems in humais.consensus by a group of agricultural scientists
concluded that dissolved phosphorus in runoff increased at excessive levels of soil test
phosphorus even when erosion wasimaio (University of Maryland, 2009) The main focus of
the commi ssiond6s report placed emphasis on ph
January 21, 1998, the Governor introduced the Water Quality Improvement Act of 1998 in the
Senate, which inaded mandatory nitrogen and phosphorus based nutrient management plans to
be developed by 2000 and implemented by 2002. The bill was amended by the Senate and
passed with the requirements that all falrave nitrogen based plans by 2003 and nitrogen and
phosphorus based plans by 2006 (University of Maryland, 2009). OtherBbtR=in the

Sassafras Watershed include conservation tillage, cover crops, grassed waterways, agricultural
waste storage, filter strips, and vegetation buffers. Definitionsroéof these can be found on
EPAOGs \tmbvemvichesapeakebay.net/agriculture.aspx?menuitem=1434&ell the

soil conservation district offices in Kent, Cee@hd New Cas#l counties.In the Cecil County

portion of the Sassafras Watershed cover crops comprise 1735, 135, and 1291 acres of non
manure, manure and commodity practices respectivetiife Kent County portion of the

Sassafras, the total acre in traditional nomuna 5 2,892, manure is 193 and commodity is 1378
(Littleton-Bradley, 2009).

3.1.2 The Zoning Approach

Although zoning ordinances are considered living documents, it is imperative to monitor changes
as they have implications for water quality. Each cpumthe watershed has its own unique
approach to zoning arttis should be considered when targeting areas for restoration or
protection.

Kent County, Maryland

The Land Use Ordinance for Kent County, Maryland serves to provide a unified, comprehensiv
approach to regulations that affect land use including Zoning, Subdivision, Forest Conservation,
Floodplain Management, Sediment and Erosion Control, Stormwater management and the
Chesapeake Bay Critical Ar@dent County, 2008a) The purpose of the Qrdhnce is to

implement the Kent County Comprehensive Plan and to promote the health, safety, general
welfare, and prosperity of the present and future inhabitants of Kent County by: giving effect to
policies and proposals of the Kent County Comprehenqdare reducing financial burdens

imposed on the community by preventing unwise land use that requires costly infuastruct

harms existing communitiesr is in areas of natural hazards such as floodplains, shoreline cliffs,
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steep slopes, and areas subjeecrosion; minimizing damage to public and private property;

providing for the preservation and enhancement of the attractiveness of Kent County through

good design and arrangement, and the provision of adequate public utilities, open space, services,
and facilities; enhancing the Countyds employnmnm
Countyods agricultural i1 ndustry and the pri me
industry; providing efficiency in the process of development; protetiagnt Count y o s
significant historic structures and areas from destruction or encroachment; protecting the

biological and environmental quality of Kent County, including forest, water quality, habitat and
wetlands; reducing the effects of land use on landien or stream channel erosion; dividing the

territory of Kent County, into zoning districts; governing the use of the land and the intensity of

such use, including bulk and height. The purposes of the Floodplain Management provisions are

to provide publc awareness for floogrevention; to protect individuals from unknowingly

buying land and structures subject to flood hazard; and to encourage appropriate construction
practices in order to prevent or minimize future flood damage. The purposes of thev&tar

Management provisions are to reduce local flooding, to control adverse impacts associated with
increased stormwater; and to improve or substantially maintain after development the pre
development runoff characteristics of the site (Kent County, 2008

Cecil County, Maryland

The Cecil County dning Ordinance serves to promote the orderly development of Cecil County,
Maryland, in accordance with the Cecil County Comprehensive(Bleeil County, 2008) The
objective is to provide the means to implerne Comprehensive Plan of Cecil County with the
following purpose: to make the most appropriate and balanced use of land throughout the
County to the extent that both economic development and the conservation of natural resources
and the environment encouraged; to preserve the character and appearance of neighborhoods
and to maintain property values generally throughout the County; to preserve the agricultural
economy of the County by discouraging conversion of cropland, pastureland, and woodlands to
urbans uses, and to maintain farming activities without interference from other land uses; to
conserve natural resources; to secure safety from fire, panic, flood, and other dangers; to
minimize traffic congestion on streets and roads, and to provideaseoftstreetparking and

loading facilitiesto provide adequate light, air, and open space, to insure adequate recreation
opportunities, and to provide convenience of access to property; to concentrate development in
areas suitable for growth as desighin the Cecil County Comprehensive Plan, as amended; to
create and preserve an environment conducive to healthful and safe living conditions to make
adequate provision for transportation, water and sewer, schools, police and fire protection, and
other public facilities, and to economize on the costs of such public facilities by a careful phasing
of development with efficient provision of public improvements; to regulate the intensity of land
use; to fix reasonable standards to which structures andhaksmnform; and to prohibit uses

and structures incompatible with the character of development of the permitted uses within
specified zones; to protect sensitive areas, to control erosion of the land and to protect the waters
in and adjacent to the Coyrftom excessive sedimentation and from pollution by pesticides,
fertilizers, and liquid or solid effluent; to define the powers and duties of administrative officials
and bodies in the administration and enforcement of this Ordinance, to establistepéoralti
violations and to provide for amendments; to protect environmentally sensitive areas from
unnecessary disturbance (Cecil County, 2008).
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New Castle County, Delaware

The New Castle County Unified Development Code (UDC) establishes standards, mecedur

and requirements, consistent with the Comprehensive Development Plan which regulates and
controls the planning and subdivision of lands; the sk, design and location of land and

building; the creation and administration of zoning districts andeheral develop of real estate

in the unincorporated areas of New Castle County, DelafNZ€DP, 2002) The UDC

protects the interests of current and future residents and neighbors from potential adverse impacts
of land use. The code is intended torpote and protect the health, safety, prosperity,

convenience, general welfare and quality of life for all present and future citizens of the County.

In additionto preservation of lifestyles, encouragement of desirable growth and employment,
maintenancef public facilities and services, orderly growth and development and adequate
affordable housing; the UDC strives to protect the natural resource base of the County and to
assure longerm economic viability and welfare of the County. The code is ietktat control
density, open space and regulate the disturbance of natural features to protect the watershed and
surface water resources; protect life and property by mitigating against the hazards of flooding,
stormwater accumulation, runoff or destatation of soils; avoid or lessen erosion hazards;
preserve and protect areas with limited development potential due to topography, hydrology,
sois or other natural conditioribat arehabitats for wildlife; preservation of archeological,

historic and arditectural sites; prevention against the destruction or impairment of the
floodplains which adversely effeitte public health, safety and general welfare (NCCDP, 2002).

3.1.3 Impervious Surface

Impervious surface refers to anything that blocks rainwaben haturally seeping into the

ground. This includes roads, parking lots, roofs, sidewalks, driveways, decks or other
construction. Lot coverage and impervious surface allow stormwater runoff to flow at an
accelerated pace because it usually directsvitvard towards the nearest stream or waterway.
Less water is able to infiltrate into the soil and more water is directly entering the stream before
naturally filtering through vegetation. Watersheds that have relatively little impervious surface
usuallyhave better water quality in local streams than watersheds with greater urbanization or
devdopment. This is because stamater runoff from lot coverage and impervious surfaces is a
non-point source of pollution that can input chemicals, nutrients, sediamd contribute to

erosion of streambank§ able 32, Upstream Impervious Cover Thresholds, shows the
relationship between impervious surface and stream quality. These thresholds are determined by
the Maryland Biological Stream Survey and are basegktansive biological monitoring.
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Table 3.2 Upstream Impervious Cover Thresholds

Percent
Impervious Affects on Stream Quality
Cover

Imperviousness is relatively insignificant compared to other
<2% factors affecting habitat quality. In celdater habitats, brook
trout may be found.

Negative impacts to stream health begin. Brook trout are ne

>2% found in streams with watershed imperviousness above this
threshold.
> 15% Stream health is never rated good, based on a combined fig

benthic macroinvertebrate Index of Biotic Integrity.

Only hardy, pollutiortolerant fish, macroinvertebrates,
> 25% amphibians and reptiles can thrive, while more pollution
sensitive species are eliminated.

Source: Maryland DNRn Town of Centerville2004.

Based on land use data from the 1998 Unified Watershed Assessment, impervious surface made
up 1.2% of the watershed. More recent legislation passed by the Critical Area Commission
changed the way local jurisdictions in the state of Maryland caézllatpervious surfaces. In

July 2008, for properties located within the Critical Area, lot coverage limits have been
established replacing previously determined impervious surface requirements. The limits remain
similar; however, the calculation of lobwerage has been significantly altered (Moredock, 2009).

By digitizing high resolution aerial photos from 2007, GIS students from Washington College
were able to capture and detail out all the most recent impervious surfaces in the watershed (Map
14). Acording to these calculations there is a total of 1195.5 acres of impervious surface which
makes up 2.2% of the land area in the Sassafras watershed. Any impacts from impervious
surface that might affect water quality are concentrated in and surrouhdingihicipalities of

Galena, Betterton and Cecilton. Not only town centers, but neighborhoods, marinas and major
roads are included in the assessment of impervious surfaces in the Sassafras. These
concentrations may be appropriate sites for stormwateagesnent retrofits including

bioretention, rain gardens, rain barrels and other filtering measures.

3.1.4 Buffered Waterways

The presence of vegetation along tidal waterways and streams is essential to the health and
function of habitat. Vegetation prales shade which helps keep water terajure lower, the

roots of tres and grasses help to stabilize banks, and serve as a source of food for wildlife. In
most places where there is a loss or reduction in stream buffer, there is also a degradation of
stream habitat. Therefore, a strategy to improve stream habitat and health is to replace and
enhance stream buffers. McCrone, Inc. analyzed the stream buffer totals in the watershed, using
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current land use data and imagery. Analyzing a stream layer fravtatiyiand and Delaware

State Highway

and extending beyond the critical areas. diteas located beyond the critical area in the non

Admi ni strations,
considered. This included both the tidal and-tidal stream portions of the watershed including

the 1000

f oot

tidal streams although smaller in size, are crucial to the biological integrity of the watershed.

This 1,000 foot area was then analyzed for any type of natural vegetation that had not been
heavily isolatd by development. Any area with this eggtion buffer that compriset least 50

feet was counted in the vegetatedeage totals (Table 3.

The critical area refers to the 1000 foot buffer between tidal segments of a waterway and its

upland lawl use (agricultural, residential, etc.). Any area with a vegetation bo#fecomprised

at least 50 feet was counted as critical area buffer and this came to a total of 6,024 acres. Map 15
highlights the critical area, and Map 18 shows all vegetatidiiets present in the entire

watershed whether along tidal portions or in ti#®Q foot area bordering the blue line streams

(nontidal waters).

Table 3.3 Buffered Streams

% of total acres

Location Acres in this area | Acres Vegetated
vegetated
Critical Area 11,567 5,663 49%
Norrtlda_l _Streams outside 16,369 4.484 2704
of the critical area
Watershed Totals 17,236 10,147 76%

3.2 Lands with Significant Natural Resource Value

3.2.1 Green Infrastructure
The state of

greenwaysrae c al

Miat of Watuaah Refosrce®hrapnaappedgreenways across the state
which identifies a network of ecologically important lands. These hubs and linking corridors of

ed

NnGoeamdl|l mfursd stcround tau me on e

of

e Large blocls of contiguous interior forest (containing at least 250 acres, plus a transition

one of 300 feet) ;

e Large wetland complexes, with at least 250 acres of unmodified wetlands;

e Important animal and plant habitats of at least 100 acres, including rarégniedsaand

endangered species locations; unique ecological communities; and migratory bird

habitats;
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¢ Relatively pristine stream and river segments (which, when considered with adjacent
forests and wetlands, are at least 100 acres) that support trosg¢lsnasd other
sensitive aquatic organisms.

Existing protected natural resource lands contain one or more of the above (for example, state
parks and forests, National Wildlife Refuges, locally owned reservoir properties, major stream

valley parks, and Ature Conservancy preserves). Green Infrastructure is important to protect as

it provides a Anatural support systemo cl eani
nutrients, conserving soils, regulating climate, and protecting sensitive amastdron damage.

Many municipalities such as Betterton have designated Green Belts in accordance with state

Green Infrastructure maps. These Green Belts are meant to act as green growth boundaries
(MDNR, 2006).

There are various programs that ainptotect green infrastructure hubs. These include Rural
Legacy, Program Open Space, and Conservation Easement among many others. Ultimately any
agricultural land that is well managed in terms of nutrient balances and minimized sediment and
nutrient lossshould be considered as part of the green infrastructure of the Sassafras watershed.
Map 17, Green Infrastructure, shows that there are 13 Green Infrastructure hubs identified in the
Sassafras River watershed.

3.2.2 Large Forest Blocks

Large forest bloks differ from green infrastructure in that green infrastructure must cover at least
250 adjoining acres, whereas large forest blocks include any dl@ontiguous forest that is at

least 50 acres in size with at least 10 acres of forest interior (wigahs forest edge is at least

300 feet away). These blocks of forest are just as important as green infrastructure hubs because
they provide habitat for species that cannot withstand influence from open area habitats or
humans. This specific amount oirést acreage was determined as a threshold that could provide
significantly large enough habitat for sensitive forest dwelling species.

Forest Interior Dwelling Birds are species of birds which require relatively large forested tracts in
order to breeduccessfully (for example, various species of flycatchers, warblers, vireos, and
woodpecker$.Existing riparianforestof 300 x 300 feet or more arforestareas used biprest

interior dwelling birdsand other wildlife species must be managed accotditige guidelines
developed by the Maryland Department of Natural Resources and the Chesapeake Bay Critical
Area Commission. Aitesurvey forforest interior dwelling birdshall be conducted prior to any
developmenbor agricultural expansion on deciduduosestof at least 50 acres or 300 x 300 foot
riparian deciduousorest Thecounty panningdirector may waive aite survey forforest interior
dwelling birdsprovided thdorestis managed for afiorest interior dwelling birgpecies. Cutting

and buitling shall be restricted to safe tin{est during nesting season) (Moredock, 2008ap

18 shows all forest cover in the Sassafras watershed.
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3.2.3 Protected Lands

Map 19 Protected Lands shows the distribution of all protected lands in the Sassedras Ri
watershed. Protected land refers to any land with some type of long term limitation on
conversion to urban or developed land use. Protected land can either be publicly owned for a
natural resource or recreational purpose, or privately owned withtbach@arty acquired
development rightéTable 3.4)

Table 3.4 Protected Land Summaryfor the Sassafras River Watershed

Type Acres %

MET / ESLC Easements 4273 8.0
Agricultural Easements 2518 4.6
Rural Legacy Areas 4110 7.7
County Parks, OpeSpace 182 3.4
DNR Lands 1547 2.8
Protected Land Total 12630 23.5
Watershed Land Total 53701

Source: MDNR GIS mapping data

3.2.4 Archeological Presence and Absence

Archeological presence and absence in the Sassafras watershed can be viewe@@rvMelp
highlights areas that have a very high, highmoderate probability of an archeological presence.
Maryland Historical Trust Data also shows generalized site locations of past archaeological finds.
These are segmented by grids to protect ekaettions, but highlighthe general locations of
significant finds. In terms of watershed management, knowledge of these sites is important when
selecting areas for restoration projects or areas to target for preservation or protection.

3.3 Wetlands

3.3.1 Wetland Categories

The Sassafras River is located on the Eastern Shore of the Chesapeake Bay which is within the
Coastal Plain Province. The Coastal Plain has overall low topography accompanied by a high
groundwatetable. These characteristicsoal for a high diversity of both emergent estuarine

and palustrine, or freshwater, wetland communities unlike any other region in the Chesapeake
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Bay watershed. Wetlands in the Sassafras watershed occur along the shoreline as tidal wetlands,
in floodplainsof streams, at the heads of drainageways, and in isolated depressions.

Characteristic of the Sassafras River are the steep slopes, meandering shorelines and alluvial
deposits along these shores. Wetlands often extend until reaching one of thesbgiopks,
sometimes transition into other types of wet!/l
areas extensive freshwater tidal marches can also be found §mah&urke 1995). Using DNR

wetland mapping data each wetland type found irbdesafras watershed, the associated

vegetation type for each, and the acreage totals can be determined. In the Sassafras Watershed
there are estuarine, palustrine and lacrustine wetlands.

Estuarine wetlands consist of salt and brackish water, as/gatation is dependent upon

salinity, but have been found to stretch up into the nontidal/freshwater areas of the watershed.
Despite its presence in both salt and fresh waters, estuarine wetland distribution is sensitive to
changes in salinity and tidboding (Tinerand Burke 1995). Brackish marshes are the most
predominant wetland type in Maryland, stretching along the shoreline of the Chesapeake Bay and
for most of the Eastern Shore. According to DNR mapping, the subclasses of estuarine wetlands
found in the Sassafras are tidal emergent, ssiubb, and unconsolidated shore. Emergent
wetlands are dominated by erect rooted herbaceous plants, such as lotus, water lily, and cattail.
Scrubshrub wetlands are dominated by shrubs and tree saplisghdestwenty feet in height.
Unconsolidated shore wetlands exhibit three characteristiésssjhan 75% coverage by

bedrock, boulders or stones;l@3s than 30% coverage by persistent vegetation aalte&)ately
exposed and flooded (Cowardihal, 1979).

Palustrine wetlands are all ntidal freshwater wetlands dominated mostly by trees, shrubs and
persistent emergent vegetatidnner and Burkel1995). This wetland type is associated with

high water tables or intermittent ponding on lamohérand Burke 1995). They are located in
floodplains, depressions in upland areas, drainage divides, and in broad flat areas between
watersheds. The most abundant type of palustrine wetland in the Coastal Plain region is forested
wetlands. Tidal freshwateswvamps can also be found along coastal rivers in areas that are tidally
influenced. The subclasses of palustrine wetlands that are found in the Sassagaséc bed,
emergent, scrubhrub, forested and unconsolidated bottom. Aquatic beds incluadkepemds

that are dominated with vegetation on or below the surface of the Water &nd Burke1995).

Lacustrine wetlands are the third category of wetlands found in the Sassafras, and are associated
with deepwater habitats such as freshwater |akasp ponds or reservoirs. They are classified

into either lacustrine aquatic beds which are wetlands in shallow water, or lacustrine emergent
wetlands which are located along the shoreliredgr and Burke1995). The subclass of

lacustrine wetlands tond in the Sassafras are unconsolidated bottom wetlands which have at
least 25% cover of particles smaller than stones, and vegetation cover of less thamd0% (

and Burke 1995).

Wetlands of Special State Concern (WSSC) are selected wetlandptkeaere the best

examples of Marylandds nontidal wetl and habit
given additional protection in state law beyond the permitting requirements that generally apply

to wetlands. There are 276 total acre$M8SC in the Sassafras watershed.
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UsingMDNR spatial information, there are approximately 4,026 total acres of wetlands currently
in the Sassafras River watershdiis also important to note that the methodology used by

MDNR to calculate wetland totlis very different from the methods utilized by MDP. MDNR
mapping layers are created by collectitzga from aerial and remote sensimggery as well as

ground truthing. When MDP analyzes low resolution imagery for land use data collection, small
pockes of wetlands can often be considered water or forests because wetlands are not
distinguishable at the altitude the imagery was taken. This is why MDP wetland acreage totals in
the Sassafrasatershed (approximately 7@@re3 is much less than the tosgbroduced by

MDNR.

In the 1998 Unified Watershed Assessment an estimate of historic wetland loss was also
conducted. This determination is based upon the assumption that all the hydric soils in the
watershed were all at one time wetlands. Iftedl acres of newetland hyric soil in the
Sassafras watershed are assumed to be historic wetlands, than the estimated loss of wetlands is
11,651 acrefMDNR, 1998) Selecting locations for wetland restoration is an effective strategy
that can be impleented to improve water quality. There are many cases in which historic
wetland areas have been drained or filled for other uses. Restoring these areas would bring back
the natural functions of wetlands as filters and habitat. There are regulaticorshsky the
State of Maryland, Army Corp. of Engineers, US Fish and Wildlife, and EPA to protect wetlands,
and currently Kent County Maryland has a no net pmsiey regarding wetlandsMap 25
Wetlands and Table 3. Wetland Acreage Totals, summarizestribbution and categories of
wetlands in the Sassafras River watershed.

Table 3.5 Wetland Acreage Summarylable Sassafras River
Watershed

Wetland Class Acres
Tidal Emergent 451
Estuarine | ScrubShrub 49
Unconsolidated Shore 397
Emergent 271
Aquatic Bed 4
Palustrine | Forested 1,942
ScrubShrub 261
Unconsolidated Bottom 429
Lacustrine | Unconsolidated Bottom 222
Wetlands of Special State Concern 276
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Table 3.5 Wetland Acreage Summarylable Sassafras River

Watershed

Wetland Class Acres
Total Wetlands (DNR mapped wetlands 4,026
Estimated Wetland Loss 11,651

Source: 2009 DNR Wetlands GIS layer

3.3.2 Tracking Wetlands

In a cooperative effort between MDNR and the Army Corps of Engineers, MDE is the lead
agency overseeing activities that affect wetlands with regulatory authority. A responsibility of
MDE is to rack state permitting and the net gain or loss of wetlands over time. According to the
| atest MDE report APrioritizing Sites for We
Mar y | aMDHE, 2006) there was only one instance of recorded wetlarsdolo8.33 acres and
this loss was offset by a gain of 0.36 acres.

3.4 Soils and Watershed Planning

3.4.1 Soil Types and Classes

Soil types are an important determining factor in ecological systems. They affect the kinds of
plants that can grow, formgndifferent wildlife habitats, and affecting water quality in both
surface water angroundwatesystems. Soil properties vary considerably from site to site, but
soil survey maps (National Cooperative Soil Survey SSURGO data) provide the location and
distribution of soil types that are important in watershad land use planninilap 22).

The soils in the Sassafras River watershed have formed in unconsolidated sediments of the
Coastal Plain. In general there are sandy and gravelly layers deephensi@rface, with varying
layers of silts on the surface that were brought in with the wind over the Chesapeake Bay and
river beds, when water levels were much lower. A few areas have layers of heavier clay
materials that were deposited under shallowitbvgiter. Very few rocks are found near the
surface of the soil, and depth to bedrock is very deep. With the temperate, humid climate, and
level to gently sloping topography, the soils are extremely productive for agriculture and forestry.
Soil types & dvided into groups AD (Table 36). Group A soils have a high infiltration rate or
low runoff potential when thoroughly wet. These consist mainly of deep, well drained sands or
gravelly sands. Group B soils have moderate infiltration when wet aiststchiefly of

moderately deep or moderately well drained soils. Group C soils have a slow infiltration rate
when thoroughly wet and consist of soils having a layer that impedes the downward movement
of water or soils of moderately fine texture or ftegture. Group D soils have a very slow
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infiltration rate and high runoff potential when thoroughly wet. These consist of chiefly clays
that have a high shrirgwell potential, and a permanent high water table (White, 1979).

Table 3.6 Soil Typesf the Sassafras Watershed

ggﬁrg&%; Acres % of watershed % gL(\;I:l_a\f\ztsehred
(water) 8,795.2 14.18%

A 277.7 0.45% 0.5%

A/D 46.9 0.08% 0.1%

B 35,559.3 57.32% 66.8%

B/D 688.8 1.11% 1.3%

C 12422.1 20.02% 23.3%

C/D 1,205.4 1.94% 2.3%

D 3,042.6 4.90% 5.7%
62,038.1 100.00% 100.0%

Approxi mately 60 percent of the watershed is
farmed sustainably with few major inputs. Another 20 percent of the area is considered

AFar ml and b o &t atheseasoild may be equivalent to Prime Farmland if

drainage, irrigation, or erosion control practices are used (Shields, 2009).

Soils withgroundwategt or very near to the surface during the growing season are found in

about 13% of the wates h e d . These soils are Ahydricodo, an:
wetlands, or have been drained for agriculture or other land uses. Restoring the hydrology and
vegetation of the drained areas can increase the beneficial functions of wetlaadsguafity,

and wetland wildlife habitat.

The use of soil maps can help target areas for conservation or water quality practices that would

be the most beneficial. Land Capability Classes and subclasses can be used as a quick method to
assessmajorsgiir operties for agriculture. There are
suitedé, through Class 8 soils that are not s
erodibility, fAwo for wetness, arethepsnaryf or sand
agricultural limitations for soils in th8assafras iRer Watershed (Table 3) (Shields, 2009).
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Table 3.7 Soil Summaryfor the Sassafras River Watershed

Land Classification Capabilities Subclass Descriptions Total Acres
There are no subclasses for class
Class 1i Soils may have slight The class is characterized primarily |
S : i : 5,295
limitations that restrict use. well drained, silty loam, moderately
eroding soils
Class 2' Soils have moderate 2ei well to moderately well drained,
. . . . 2| 23102
limitations that restrict the choiad# | silty/sandy loam, moderate erodibility 26.616
plants or that require moderate 2w moderately well drained, 3514 ’
conservation practices. silty/sandy loam '
3ei well to moderately well drained, 4.966
Class 3 Soils have severe silty loam, moderate erodibility '
limitations that resict the choice off 3si somewhat excessively drained,
: : o 103| 8,547
plants or that require special loamy sand, moderate erodibility
conservation practices or both. 3wi poorly dained, silty/sandy loam
o 3,478
moderate erodibility
4ei well to moderately well drained,
Class 4i Soils have very severe silty gravelly loam, moderate gevere| 3,152
limitations that restrict the choice ¢ erodibility
) - . 4,828
plants or that require very careful | 4si well drained, loamy sand, 26
management, or both. moderate erodibility
4w poorly drained, sandy/silty loam 1,650
Class 5 Soils are subject to little
or no erosion but have other
limitations (ex. Impractical to 5wd poor to very pody drained, 1713
remove) that restt their use sandy loam, frequently flooded ’
mainly to pasture, rangeland,
forestland or wildlife habitat.
Class 6 Soils have severe
limitations that make them
generally unsuitable for cultivation| 6ei well drained, sandy gravelly 2108
and that restrictieir use mainly to | loam, moderate to severe erodibility ’
pasture, rangeland, forestland or
wildlife habitat.
Class 7i Soils have very severe | 7ei well drained 3,153
limitations that make them 7si somewhat excessively drained, 314
unsuitable for cultivation and that | jpamy sand 3,997
restricttheir use mainly to grazing,| 7w i very poorly drained, silty loan
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Table 3.7 Soil Summaryfor the Sassafras River Watershed

Land Classification Capabilities Subclass Descriptions Total Acres
Class 8i Soils and miscellaneoy There are also no subclasses for ¢
areas have limitations that preclu 8. This class is characterized by v«
commercial plant production ar poorly drained and very frequent
: i . : 410
that restrict their use to recreation flooded soils.
purposes, wildlife habital
watershed, or esthetic purposes.
Prime Farmland 32,237
Statewide Important Farmland 10,229
Hydric Soils 6,894
Not Prime Farmland (*this includ
Hydric Soils) 11,048
Total Soil/lLand Acreage 53,514 53,514

Source: (Shields, 200p

3.4.2 Soil Erodibility

Watersheds with highly erodible soils are going to be more vulnerable to surface erosion and

sedimentation. The soil erodibility indicator calculated in the 1998 Unified Watershed
Assessment, considered different soil conditidmg not the management of the surrounding

land(MDNR, 1998) For instance, cropland management is not a factor. Soil erosion can be
managed through best practices that are commonly used in the watershed. Cover-titbps, no

reduced till croppingr@ examples of best management practiBdHs) that can reduce the
threat of erosion and movement of sediment to nearby streams and eventually the river.

Soi l

erodi bil it
n K i

factoro), d

the Sassafras River watershed, was given a soil erodibility of 0.28.
high (score between 0.275 and 0.314) or very high édoetween 0.314 and 0.37) classification,
Category 1 i

it received a

y i s

an indicator

rating

for

basedheon
st an wse typeo In thesUnifieel ¥atershad Assessmerd, n d
If a watershed scored in the

t his

among other watersheds in the state and did not meet the state benchmark.

3.5 Floodplains and Low Elevation Areas

Because the Eastern Shore of the Chesapeake Bay is located in the coastal plain region, much of
it is low-lying and therefore more susceptible to floods associated with storm events and rising

sea leel. The Sassafras River is included in this regiBloodplains are relatively flat or low
areas adjoining rivers, streamgtercoursesor drainagewaysvhich are subject to partial or

complete inundation. Floodways are the channels and adjacent land areas required to discharge
the waters of the 10@earflood of awatercoursevithout increasing the water surface elevations
more than a specified heigiMap 23) Flooding is a common problem in areas of development

and extensive impervious surface. Public roads, neighborhoods and parking lots can flood
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duringstorm events and can contribute to degradation of local stream health. Since the late
199006s modern stormwater management technique
in the region and when constructed properly have helped to limit the iofpstormwater

pollution. Modern retrofits can control the amount of stormwater runoff, enhancing water quality

and limiting other adverse affects of stormwater such as erosion.

According to the National Flood Insurance Program: Flood Insurance Rate ddagsled by
FEMA, much of the Sassafras River Watershed is located within Flood Zone Al1l, Elevation
Eleven (FEMA, 1985). The upper reaches of the wateéstigdutaries are also mapped and
includeanecdotal floodways. The actual elevations in the wagersary greatly; as a result, this
area of Kent County contains a high number of mapping errors and subsequent FEMA map
amendmentslt is important to note that these maps did not always account for cliffs or high
slopes towards the River edge.

Anothe important factor to consider is the average rate of sea level rise in the state of Maryland,
especially along coastlines. The average rate has so far-deem/3r or approximately one

foot per century. This is nearly double the global average whattoigt 1.8mm/yr. According

to Marylandds Sea Level Ri se Strategy of 2000
2-3 feet by 2100 in response to global warming (Johnson, 2000).

3.6 Human Population

Population dynamics are important wheru@cterizing a watershed. The physical

characteristics of the Sassafras are necessary to determine its problems and restoration strategies,
but understanding the people that live and identify themselves with the Sassafras watershed is
just as critical irdeveloping a restoration plan. Population demographics as well as density are
important factors when analyzing pollutant contributors to a watershed system as well as where
to focus restoration. Human activity can degrade natural habitats especialllanthesse is
manipulated to fulfill human needs. Watersheds with high populations can make a big impact on
waterways, but can also be planned using best management practices reducing the negative
impacts. Based on the 1990 U.S. Census, the populatisityderthe Sassafras River

watershed was 0.17 people per acre of ldusing2000 U.S. Census ddiar both Maryland and
Delaware thgopulation density in the Sassafras watersf@d8 people/acre and 52 people per
square mile of land.

3.6.1 Demographics of Sassafras Watershed

Maryland Department of Planning organizes census data in two forms: census blocks and census
block groups. Census blocks (2000) include broad information but are smalt®reegpond

betterto the boundary of the watershedap 24 includes both the MarylarahdDelaware

census blocksThe following characteristics in the census blocks of the Sassafras watershed

have been identified: The total populatiodj318 where2,166are male an@,152are female.

Of the4,318 90%are white, 7.20 are AfricanAmerican 2.5% are Hispanic or Latino, and less

than one percent is comprised of Asian, American Indian or Native Hawaseentle Housing
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units (vacant or occupied) in the census blocks of the Sassafras watershe818talith 2,156
occupied(Baldwin, 2009; Mahaffie, 2009).

Census block groups hold more data than census blocks but cameatliherelatedo the
watershed boundary (Map 24B). For this reason, the total population is higher than the total
populationof the census blocks. Because of the level of detail the data in the census block
groups give, the information is useful in characterizing the Sassafras watershed and its
surrounding area. The following characteristics in the census block groups igaadin
surrounding the Sassafras watersimeithe Maryland portiomave leen identified: He total
population is 7,986 with 95% born in the United States and 47% born in the state of residence.
Of the 295 or 4% of the population that is foreign born, 1ab&maturalized citizens. 7,019 or
93% of the population have English only speaking households. 521 or 7% speak a language
other than English including 5% Spanish, 1% other{Bdoopean and .38% Asian and Pacific
Island.

The total population 16 ges and over is 6,426; of this 4,116 or 64% comprise the labor force.

Of the 3,842 working, 955 commute to work with a mean travel time of 31 minutes.

Occupations include management (31%), sales and office occupations (22%), service
occupations (16%), cetruction and maintenance (14%), production and transportation (12%)

and farming, fishing and forestry (5%). Total households number 3,167, with a mean household
income of $ 57,217 (median not available). Mean family income is $ 65,103 (median not
avdlable). Of total persons 1865 years 12% live in poverty. Of total persons 65 years and

over 5% live in poverty.

The total population 25 years and over is 5,665. Of this number 2,193 or 39% have attained a

high school degree; 1,052 or 19% haveaia#d some college, no degree; 670 or 12% have
attained a Bachelordos degree; and, 453 or 8%
have graduated high school or higher and 19%
(Baldwin, 2009).
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4.0LIVING RESOURCES AND HABITAT

Living resources are another indicator of the health of a given watershed. Aquatic organisms like
fish, benthic aquatic insects, as well as submerged aquatic vegetation are sensitive to changes in
their environmentsThey serve as a gauge to measure the affects of human interaction and use

on the environment. The decline of certain species of plants and animals over time, suggests that
stress on these living resourclkecause of alterations and destruction of hadxtat also lead to
excessive sediment and nutrients in our waterways.

In determining the status of living resources in the Sassafras watershed the following factors

were considered: changes in submergedtaguegetation from 1984 to 20pb6enthic andish
communities in the netidal areas, instream physical habitat, migratory fish spawning areas, as
well as the presence of imperiled (rare, threatened or endangered). All of these conditions play a
role when it comes to evaluating the issues in thensiaéd and prioritizing those issues for
restoration work. There are often times when stakeholders in the watershed can identify living
resources that state agencies are not able to monitor or record. These will be included and added
as further assessmerand observations are made.

4.1 Submerged Aquatic Vegetation

Submerged aquatic vegetation (SAV) distribution and abundance is one way of assessing the
health in an estuary or estuarine river system. It serves as an indicator of water qualityss well a
habitat for aquatic life such as fish and benthic organisms. SAV abundance was determined in
the 1998 Unified Watershed Assessment by using 1996 aerial survey results. The extent of areas
with SAV growth was measured and this number was divided byriied Watershed

Assessment restoration goal of two meters. This number was then multiplied by 10 to yield a
value between one and ten (one being most degraded and ten being the best conditions).
Watersheds with a resulting score of one means thatc®&sred 10% or less of potential SAV
habitat, and that those watersheds are in need of restoration. The Sassafras River received a score
of one meaning that SAV restoration in this watershed is a priority. The purpose of this indicator
is to allow for comparisons between watersheds based on actual SAV acreage versus the

potential SAV acreage. Maps 26, 27 and 28 as well as Tdbteegict the changes in SAV

presence from 1984 to 260Qsing aerial imagery and GIS software.
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Table 4.1SAV Presence in the Sassafras River By Year

Year(s) Description of SAV
1984 Near mouth on southern coast
1985 In Lloyds Creek and mouth of Turners Creek
1986 Ln Lli?yds Creek, mouth of Turners Creek and east of Freeman Creek on sg
an
1987 In Lloyds Creekand mouth of Turners Creek
1989 Trace amounts west of Lloyds Creek and west of Turners Creek
1990 Trace amounts west of and in Lloyds Creek and west of Turners Creek
1991 Trace amounts west of Lloyds Creek and west of Turners Creek
1992 Trace amountwest of adl in Lloyds Creek and west of Turners Creek
1993 In Lloyds Creek and Turners Creek
19941996 In Lloyds Creek, Turners Creek and Freeman Creek
1997 In Lloyds Creek, Turners Creek, Freeman Creek and Money Creek
1998 In Lloyds Creek and TurnefGreek
In Lloyds Creek, along southern bank at mouth of Turners Creek and on th
1999
northern bank at mouth
Along both banks of mouth of Sassafras River and in downstream tributarie
2000
Cox Creek
2001 Along both banks of mouth of Sassafras Rmed in downstream tributaries to
Foreman Creek
20022004 Along both banks of mouth of Sassafras River and in downstream tributarig
Woodland Creek
Along both banks of mouth of Sassafras River and in downstream tributarig
2005 Woodland Creek, andhiupstream tributaries of Mill Creek, Swantown Creek
and Duffy Creek
2006 Along both banks of mouth of Sassafras River and in downstream tributarig

Cox Creek, spots on the southern bank and in Woodland Creek

More detailed information and data tabfeom 1971 to 2007 are available from Virginia
Institute of Marine Science. More dysis and translation areeeded, but acreage counts for
different sections of the Sassafras are on record from 1971.

Another indicator that was taken into accour4sV Habitat Index. The purpose of this score

was to allow for comparisons between watersheds based on various measurements of habitat

conditions such as: water clarity measured by secchi depth, dissolved inorganic nitrogen,
dissolved inorganic phosphor@undance of algae measured by chlorophyll a, and total

suspended solids. The index was then determined by using 1994 to 1996 Chesapeake Bay
Program segments of passing, failing and borderline habitat requirements for SAV. Scores were
adjusted to rangeetween one and ten (one being most degraded and ten being best condition).
Watersheds that scored less than seven were placed in Category 1 (in need of restoration). The

Sassafras Watershed scored a seven for this indicator and was therefore plategaryQ.
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4.2 Fish Species

4.2.1 Tidal Areas

Four different type®f anadromous fish speciase known to spawn in several tidal streams in

the Sassafras watershidap 31) The species noted here are Alosid, White Perch, Yellow

Perch and StripeBass. Anadromous fish species are important indicators because they migrate
each year to the same location to spawn and therefore are very sensitive to changes or
degradation in water quality. Drops in dissolved oxygen and reduced water clarity can affec
their ability to navigate and survive in areas where they may have previously spawned. Tracking
and monitoring of these species is important to consider when determining areas for restoration
targeting.

4.2.2 Non-Tidal Areas

As a part of the MarylandiBlogical Stream Survey, crews from the MDNR visit streams across
the state in both spring and summer assessing biological and physical health. The spring visit
consists of benthic sampling, and the summer visit includes a procedure whereby fish dre nette
off for a 100 foot segment of stream, shocked momentarily so they can float to the surface long
enough for biologists to count and identify the different species found in that segment. From
visits in 2001 and 2007, Table2dincludes a list of the diffent species and totals of each

identified at various sites in the Sassafras watershed.

Table 4.2 MBSS of Fish in Nortidal Streams of the Sassafras

Watershed
Site Species Total
Eastern Mudminnow 838
Swantown Creek 200 Bluegil 3
Largemouth Bass 1
Eastern Mudminnow 23
American Eel 84
Creek Chubsucker 33
Golden Shiner 96
Woodland Creek@1 | Creek Chub 12
Eastern Mosquitofish 22
Brown Bullhead 4
Bluegill 118
Pumpkinsed 31
Tessellated Darter 87
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Table 4.2 MBSS of Fish in Nortidal Streams of the Sassafras

Watershed

Site Species Total
Least Brook Lamprey 18
Eastern Mosquitofish 848
American Eel 14
Tessellated Darter 3
Creek Chubsucker 3
Sassafragiver Largemouth Bass 4
Unnamed Tributary | Pumpkinseed 234
2007 Green Sunfish 26
Bluegill 110
Eastern Mudminnow 100
Golden Shiner 1190
American Eel 14
Brown Bullhead 74
Bluegill 8
Eastern Mudminnow 30
Tessellated Darter 124
Duffy Creek 2001 | Golden Shiner 209
Redfin Pickerel 12
Green Sunfish 23
Creek Chubsucker 530
Pumpkinseed 13
Bluegill 39
American Eel 63
Pumpkinsed 6
Eastern Mudminnow 8
Herring Branch 2001 | Largemouth Bass 2
Golden Shiner 2
Brown Bullhead 1
Tessellated Darter 61
Least Brook Lamprey 57
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4.2.3 DNR 5 year Eel Study

There have been many other studies conducted over the years on the state level tomdonitor a
assess the health of fish species throughout the Chesapeake Bay Watershed. Maryland DNR
conducted an eel study from 2003 to 2008 on select rivers on the Eastern Shore of the
Chesapeake. One of the locations for this study was the Sassafra@\Riiteford, 2009) The
purpose of the study from 2003 to 2008 was to
eel fishery in the Nanticoke River and at least one other Maryland Chesapeake Bay tributary:
(Patuxent, Choptank, Fishing Bay and Sassafras weretliers). Another objective of the study

was to collect biological data to describe American eel populations on the Sassafras River

through a fishery independent survey, as a follow up to a previous study done on the Sassafras
from 19982000. And finaly the study was to serve as participation in a nsi#tie management

effort of American eels through Atlantic States Marine Fisheries Commission. In the main study,
growth rates varied considerably among systems and among years within the same system. |

fact the eels on the Sassafras were much smaller than any other tributary sampled, with average
annual growth approximately 15mm less than the others. The independent study on the Sassafras
was designed to provide size and age structure data, panésstation rates, and sex

composition of eels in the Sassafras River, as well as a fishery independent relative abundance
index. Copies of this study can be obtained from MDNR Fisheries Service (Whiteford, 2009).

4.3 Sensitive Species

Sensitive specieare plant and animal species recognized by the state or federal government to
be most vulnerable to environmental change and therefore not as capable of maintaining viable
or sustainable population levels. Some of these species are classified aseatenatror

endangered. From a watershed restoration and management perspective, it is important to
identify locations where these species inhabit, and consider those areas for habitat protection or
habitat restoration where sensitive species were knownd®e inhabit. In addition to fish,

benthic organisms and aquatic plants, sensitive species are considered indicators of the negative
affects degradation to the environment can have on survival. Refer to section 3.2.1 Green
Infrastructure for more inforation on sensitive species.

4.3.1 Shellfish in the Sassafras

According to shellfish biologists from the Maryland Department of Natural Resources, salinity

levels in the Sassafras can reach near zero for extended periods of time. This means that any
significant oyster presence in the river is highly unlikely. According to records from the early
19006s, the closest oyster bar to the Sassafr
definitely a limiting factor for other commercial shellfish spearethe Sassafras. In addition to

the absence of oysters, the salinity is generally too low for softshell Mgmarenariaand

razor clamslagelus plebeiusNoncommercial species that you can expect to find, sometimes in

large numbers include the brastikwater clamRangia cuneataand in the fresher reaches of the

river, the nomative Asian freshwater cla@orbicula fluminegTarnowski, 2008).
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4.32 Rare, Threatened and Endangered Species List

In the Sassafras River watershed there are quite aafewthreatened or endangered plants and

animals. State endangered species include the eastern tiger salamander, puritan tiger beetle, and
barking treefrog, while state threatened species include the Bald Eagle. There are various listed
endangered planisn t he Sassafras which include: Vel vet
Pi pewort, Har perds Fimbristylis, Featdanegr f oi | |
Spongy Lophotocarpus (Davidson, 2008). Although most sensitive species tend tarcollect
ecologically or targeted sensitive species areas, many of these species can be found throughout

the watershed. While prioritization of restoration or protection might be in these areas, there are
many areas of the watemehedAl hapdwilneheses spbecate.
sensitive areasust be reviewed by the MDNR Wildlife and Heritage Service Environmental

Review Coordinator. This review results in a variety of best management practices which may
include stormwater management, setg or time of year requirements (Moredock, 2009).

4.4 Invasive Species

4.4.1 Water Chestnut

The first records of water chestnut in North America were near Concord Massachusetts in 1859.
In 1955, water chestnuts were observed in Maryland in the Bl Ri Baltimore County. At

this time, the Maryland Departments of Game and Inland Fish and Tidewater Fisheries used
mechanical removal and chemicals (herbicide®),4o eradicate. However, despite those

efforts, in 1964, water chestnut reappeared énBind River and an additional 100 acres were
discovered in the Sassafras River in Kent County. Mechanical removal was used to eradicate
thirty acres of water chestnut from the Sassafras River in 1964, and a combination of removal
techniques were used 11965 to eradicate 200 acres from the Sassafras (MDNR, 2008d).

These efforts were thought successful as nothing was observed for the next 30 years. However,

in the summer of 1997, repodgwater chestnutwe r e r ecei ved from LI oyd?o
Sassalis, the same | ocation of the 196006s popul a
volunteers on kayaks, canoes, and personal watercrafts, in an effort to mechanically and

physically remove water chestnuts from the Sassafras River. In 1999, 260,000 perends w

removed from the Bird and Sassafras Rivers combined. In 2000 that number dropped to 1,000
pounds on each river. This led volunteers and MDNR staff to believphissicalremoval was

an effective approach; however, there is also a strong resaigepopulations of the invasive

species that is unpredictable from year to year. In 2007, SRA assisted MDNR with volunteer
coordination, meeting staff and surveying landowners who observed water chestnuts in their farm
ponds. In 2008, therewas alargear of water chestnut discovered
west of the mouth of Turnerds Creek) increasi
In 2009 there was an enormous decrease in water chestnut found in the Sassafras River. MDNR
staff surveyed all navigable sections of the River over two days and eradicated only two bushels

of water chestnut, however they were unabl e 1t
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4.4.2 Landscape Vegetation

There are many invasive species that haenlbbserved over the Sassafras watershed landscape.
Some of these include garlic mustard, purple loosestrife, Italian ryegrass and phragmites.

However, because there are two species of phragmites (invasive aneaggtiessive)

determining which is peent in the Sassafras watershed would be necessary before taking

eradicative action. In North America phragmit€safpa Natanyhas often been misunderstood

and commonly considered an exotic species not native and introduced from Europe. However

there isevidence of the existence of phragmites native in North America long before European
colonization. The native forms of phragmites have been observed as less aggressive than

European forms, but are almost indistinguishable from the European form oétnesspThe

invasive form of the species can cause serious problems for other wetland plants including the
native phragmites (ISSG, 2006). Genetic analysis would be necessary to determine which

species is present in the watershed. In additontossateéd i nvasi ves, there ¢
weedso that also tend to take over native veg
Rose, Johnson Grass, and Canada Thistle (Batchelor, 2008).

4.5 Habitat Conservation

Through mappi etgdecofogicBl Bréas and potentig habitats, it is possible to
locate areas in the Sassafras watershed where prioritization of habitat restoration projects or
protection of certain areas might be focused. Map 30 Ecologically Significant Areas of the
Sassfras Watershed, includes: targeted ecological areas, potential habitats and wetlands of
special state concern (WSSC).

45.1 Hardwood in the Sassafras

There have historically been important products in the forests of the Chesapeake watershed. One
ofthesewas fisassafras, 0 widely used in Europe for
complaints to venereal diseases. 0 Sassafras
and eighteenth centuries, from which it was sold and boiled into te¢agdtethought to be

good for Apurifying the blood. o The Sassafra:
who believed they had f oWednerstdth200ln68.gi ¢ cur e al

The forest types or hardwood seeithe Sassafras toda&important in characterizing the
watershed and the available habitat for sensitive species. According to MDNR foresters, the
trees in the Kent County portion of the watershed have been mixed oak/American Beech/Tulip
Poplar with introduced Paulownia some deep ravines. There are blocks that have been planted
with Loblolly pine in fields here with some strips of White Pine. There are sections of sweet
gum and red maple but their numbers increase greatly towards Rt. 299/Massey Rd. In some
instances wére lands are left fallow from agricultural use, pioneer species such as Virginia pine
and black locust return. Other species that have emerged in these areas include: black cherry,
sweet gum and red maple.
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Distribution of oaks has varied dependingsoil types present. White oak, northern red oak,

black oakand chestnut oak have been found on rockteeper ravine areas, whereas swamp

white oak, swamp chestnut oak, willow oaklgnn oak, which are wet tolerartre found in

more hydricsoils. It he early 19800s, Gypsy moths did sioc
in the Sassafrasatershed, especially white oaks, howegecording to MDNR observations,

many landowners were able to salvage cut and save their trees from this harm.

Loblolly pines have been plantedpneviousyears asheywill grow easily on a variety of soil

types, wet and dry and are more tolerant of deer browsing in comparison tepaties
(Batchelor,2009) There has also been some discussion with individudblaners who noticed

native hemlocks in wooded ravines being lost to hemlock woolly adelgid. Woolly adelgid was
originally introduced from Japan and can be found in both Eastern and Western North America.

It is not considered a pest in Japan, but thisdphidlike insect is a serious pest of hemlock in
Maryland. It is found primarily on the young branches of hemlock at the bases of the needles and
sucks sap from branches. It may also inject a toxin into the tree during feeding. The feeding can
resultin rapid desiccation and discoloration of the foliage. A heavily infested tree may die

within four years (Malinowski, 2009).
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