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Objectives
1) Develop a method to assess and 

characterize the health of the 
watershed using GIS based on:

– Impervious cover
– Land-use
– Habitat quality
– Water quality

2) Create an outdoor living laboratory, 
providing dynamic educational and 
research opportunities for university 
faculty, staff and students.



Other Experimental 
Watersheds

• Pennsylvania State University

• Cornell/Syracuse/Dartmouth Consortium

• Shippensburg University

• University of Michigan 

• University of California, San Diego
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Watershed

University of Delaware
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Watershed Study 

Area



Piedmont 
Watershed

Coastal Plain 
Watershed

The University of 
Delaware 

Experimental 
Watershed:

•Lies within the White Clay      
Creek Wild and Scenic River 
Watershed, in Newark, Delaware.  

• Falls on the geologic fall line 
between the Piedmont and Coastal 
Plain provinces.

• 2 geographically separate 
watersheds, one in each province.



Ideal location

The experimental 
watershed is easily 
accessible to students 
and faculty because of 
its ideal location on the 
University of Delaware 
grounds and 
immediate area.



Unique Characteristics of the 
Piedmont Watershed

• 427 acres (0.64 sq. miles)

• 3 unnamed tributaries of the White Clay                       
Creek

• Land-uses
• Golf course

• Residential

• Commercial

• Forested park land

Presenter
Presentation Notes




Unique Characteristics of the 
Coastal Plain Watershed

• 896 acres (1.4 sq. miles)

• 4 unnamed tributaries in the headwaters 
of the Cool Run

• Land-uses
• Agricultural

• Commercial

• Residential

• Institutional



Methodology to Develop the 
Experimental Watershed

1)  Designate the study area

2)  Delineate the area based on topographic

features

3) Design GIS Atlas

4) Field verification

5)  Field inventory

Presenter
Presentation Notes
These tributaries are still unnamed, but in the future will have titles.This is a photo of the flat coastal plain at the university farm.You can see the high point, which is the boundary of the watershed, and the UD research forset in the back, near the stadium is outside of the experimental watershed, and actually is in the Christina Watershed.



Methods to Design 
the GIS Atlas

Step 1 - Load aerial photos (DOQQs) 

Step 2 - Add themes-streams, roads, etc

Step 3 - Add topography and delineate 
watersheds in the lab

Step 4 - Verify the watersheds and locate 
sampling stations in the field

Presenter
Presentation Notes
Loaded DOQQ’s: Came from DGS websiteAdded Themes: information came from DELDOT streams and roadsLoaded Topography and delineated watershed using theme properties and snapping tools: topo came from DGS, delineated watersheds in lab using set snap techniqueWent into the field to verify our delineation from the lab, added sampling sites by creating new theme. Determined sampling sites by landmarks.  Plan to use Global Positioning System (GPS) to verify locations.  



Step 1

Presenter
Presentation Notes
DOQQ’s edge match Newark East and Newark West quadrangles.  This is downtown Newark and University of Delaware campus.  This is our base map. We are in the process of finalizing edge matching, which is where the black line comes from.  Any suggestions on how to get rid of it???



Step 2

Presenter
Presentation Notes
Add natural and manmade features to our basemap such as  roads, railroads, and streams.  Information came from DELDOTYou can see Amtrak rail line and White Clay CreekInitially DOQQ’s projection did not match our themes, which was another challenge to address.   We needed to determine what the projections how to  make them all consistent.If asked: Projection is Delaware State Plane Coordinates	Datum 1983 in Meters



Step 3



Step 4
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Glenelg-Manor-Chester

Sassafras-Fallsington-Matapeake

Elsinboro-Delanco

Soils in the UD 
Experimental 

Watershed



Potomac
Formation

Wilmington
Gneiss Rocks

Fall Line

Geology in the 
UD 

Experimental 
Watershed



Land-use 
in the UD 

Experimental 
Watershed

Single Family Residential  (yellow)

High Density Residential   (orange)

Commercial (red)

Industrial (purple)

Institutional, university    (light blue)

Transportation (gray)

Agriculture                         (beige)

Open Space/Parks (light green)

Forest (dark green)

Streams and creeks (dark blue)



Field Inventories

STREAM WATER QUALITY

• Nitrogen, Phosphorus

• Alkalinity, Hardness

• Ammonia

• Dissolved Oxygen, pH

• Temperature 

• Chlorides 

• Metals (Copper, Chromium, Iron)

• Hydrocarbon



Field Inventories

STREAM HABITAT
In-stream

• Available cover
• Pool concentration and variability

• Sediment deposition

• Channel flow and alteration

• Velocity, width and depth

• Aquatic vegetation

• Structures

• Pollution sources

• Water uses



Field Inventories

STREAM HABITAT

Riparian Buffer
• Bank stability 

• Bank vegetation protection

• Riparian buffer width and
type

• Condition of buffer/tree 
canopy



Field Inventories
STREAM HABITAT

• Land Use
PIEDMONT WATERSHED LAND USE

Single Family 
Residential

Multi- Family 
Residential

CommercialInstitutional

Public/ Private 
Open Space

Wooded

• Impervious Cover



A+ B+ C+ D+ F
4 3.4 2.5 1.5 <0.7
A B C D

3.9-3.7 3.4-3.0 2.4-2.0 1.4-1.0
A- B_ C- D-

3.7-3.5 3.0-2.6 2.0-1.6 1.0-0.7

*Final Watershed Letter Grade is Based on the Following Scale:

Evaluating the Results

Rating Water Quality Habitat 
Assessment Land-use Impervious 

Cover

4
0-25% of 

recommended 
limits

Optimal
Wooded, 

Public/Private 
Open Space

0%: No Impact

3
25-50% of 

recommended 
limits

Sub-optimal
Institutional, 
Single-family 

residential
0-10% Sensitve

2
50-75% of 

recommended 
limits

Marginal Commercial, Multi-
family Residential 10-25% Impacted

1
> 75% of 

recommended 
maximum limit

Poor Industrial
> 25% Non-

supporting of 
Aquatic life

University of Delaware Experimental Watershed Rating Scale


FINAL GRADES

		PIEDMONT WATERSHED REPORT CARD

		STREAM		WATER QUALITY		LANDUSE		IMPERVIOUS COVER		HABITAT ANALYSIS		FINAL GRADE

		PENCADER CREEK										C

		P1PC		2.5		3.1		1.0		2.7		2.3

		P2PC		2.6						2.9		2.4

		P3PC		2.5						2.4		2.2

		FINAL GRADE		2.5		3.1		1.0		2.7		2.3

		FAIRFIELD RUN										C+

		P5FR		2.8		3.3		1.0		3.1		2.5

		P6FR		2.6						2.5		2.3

		P7FR		2.6						2.7		2.4

		FINAL GRADE		2.7		3.3		1.0		2.8		2.4

		LOST STREAM										B

		P9LS		2.9		3.8		3.0		3.0		3.2

		FINAL GRADE		2.9		3.8		3.0		3.0		3.2

		WATERSHED FINAL GRADE		2.7		3.4		1.7		2.8		2.6

		WATERSHED FINAL LETTER GRADE*		B-		B+		C-		B-		B-

		*Final Watershed Letter Grade is Based on the Following Scale:

		A+		B+		C+		D+		F

		4		3.4		2.5		1.5		<0.7

		A		B		C		D

		3.9-3.7		3.4-3.0		2.4-2.0		1.4-1.0

		A-		B_		C-		D-

		3.7-3.5		3.0-2.6		2.0-1.6		1.0-0.7

		COASTAL PLAIN WATERSHED

		STREAM		WATER QUALITY		HABITAT ANALYSIS		LAND USE		IMPERVIOUS COVER		FINAL GRADE

		TRIBUTARY 1

		CP1		0.00		0.00		0.00		0.00		0.00

		CP2		0.00		0.00						0.00

		CP3		0.00		0.00						0.00

		FINAL GRADE		0.00		0.00		0.00		0.00		0.00

		TRIBUTARY 2

		CP4		0.00		0.00		0.00		0.00		0.00

		CP5		0.00		0.00						0.00

		CP6		0.00		0.00						0.00

		FINAL GRADE		0.00		0.00		0.00		0.00		0.00

		TRIBUTARY 3

		CP7		0.00		0.00		0.00		0.00		0.00

		CP8		0.00		0.00						0.00

		CP9		0.00		0.00						0.00

		FINAL GRADE		0.00		0.00		0.00		0.00		0.00

		TRIBUTARY 4

		CP10		0.00		0.00		0.00		0.00		0.00

		CP11		0.00		0.00						0.00

		CP12		0.00		0.00						0.00

		FINAL GRADE		0.00		0.00		0.00		0.00		0.00

		TRIBUTARY 5

		CP13		0.00		0.00		0.00		0.00		0.00

		CP14		0.00		0.00						0.00

		CP15		0.00		0.00						0.00

		FINAL GRADE		0.00		0.00		0.00		0.00		0.00

		WATERSHED FINAL GRADE		0.00		0.00		0.00		0.00		0.00

		WATERSHED FINAL LETTER GRADE*
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WQ COASTAL PLAIN

		COASTAL PLAIN WATERSHED CHEMICAL ANALYSIS

		PARAMETER		SITE																																																												PARAMETER GRADE

				TRIBUTARY 1												TRIBUTARY 2												TRIBUTARY 3												TRIBUTARY 4												TRIBUTARY 5

				CP1				CP2				CP3				CP4				CP5				CP6				CP7				CP8				CP9				CP10				CP11				CP12				CP13				CP14				CP15

				Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating

		Alkalinity (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Ammonia (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Chloride (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Chlorine (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Chromium (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Copper (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Dissolved Oxygen (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Biochemical Oxygen Demand (BOD) (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Hardness (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Iron (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Nitrate (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		pH				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Phosphate (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Turbidity (Clear or No)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Surface Sheen (Yes or No)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Odor (Yes/No)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Conductance				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Hydrocarbon (Yes/No)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		SITE GRADE		0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00

		STREAM GRADE		0.00												0.00												0.00												0.00												0.00
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WQ PIEDMONT

		PIEDMONT WATERSHED CHEMICAL ANALYSIS

		PARAMETER		SITE																												PARAMETER GRADE

				Pencader Creek												Fairfield Run												Lost Stream

				P1PC				P2PC				P3PC				P5FR				P6FR				P7FR				P9LS

				Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating

		Alkalinity (PPM)		120		2		120		2		160		1		80		3		120		2		80		3		80		3		2.29

		Ammonia (PPM)		<1		4		0		4		0		4		0.5		4		0		4		0		4		0		4		4.00

		Chloride (PPM)		>60		2		>60		1		40		3		60		3		>60		1		>60		2		20		4		2.29

		Chlorine (PPM)		<0.5		2		0		4		0		4		0.5		1		0		4		0		4		0		4		3.29

		Chromium (PPM)		0		0		0		4		0		4		0		4		0		4		0		4		0		4		3.43

		Copper (PPM)		0		4		0		4		0		4		0.5		2		0		4		0		4		0.5		3		3.57

		Dissolved Oxygen (PPM)		4		2		6		4		4		2		4		2		3		1		4		2		5		3		2.29

		Biochemical Oxygen Demand (BOD) (PPM)		-3		1		-3		1		-3		1		2		1		0.5		1		-4		1		0.2		1		1.00

		Hardness (PPM)		200		1		120		2		120		2		160		2		120		2		120		3		120		2		2.00

		Iron (PPM)		<0.5		2		1		1		1		1		0		4		0		4		0.3		1		0		4		2.43

		Nitrate (PPM)		<0.5		3		2.5		4		1		4		<2.5		4		5		3		5		3		2		4		3.57

		pH		8.22		1		7.92		2		7.88		3		7.95		2		7.4		3		8.7		1		7.5		3		2.14

		Phosphate (PPM)		0.5		4		3		1		1.5		1		1.5		1		2		1		2		1		3		1		1.43

		Turbidity (Clear or Not)		Clear		4		Clear		4		Slightly yellow		3		0		4		0		4		0		4		0		4		3.86

		Odor (Yes/No)		0		4		0		4		0		4		0		4		0		4		0		4		0		4		4.00

		Surface Sheen (Yes/No)		0		4		Bubbles		3		Yes		1		0		4		Foam		3		0		4		0		4		3.29

		Conductivity (??)		0		4		309.2		1		228.7		2		15		4		311		1		405		1		39		4		2.43

		Hydrocarbon (Yes/No)		Yes		1		Yes		1		Yes		1		Yes		1		Yes		1		Yes		1		Yes		1		1.00

		SITE GRADE		2.50				2.61				2.50				2.78				2.61				2.61				2.93				2.71

		STREAM GRADE		2.54												2.67												2.93

		GRADING SCALE:

		EXCELLENT				FAIR				POOR				VERY POOR

		4				3				2				1
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Sheet1

		LAND USE (ACRES)

		Single Family Residential		Multi- Family Residential		Commercial		Institutional		Public/ Private Open Space		Wooded		TOTAL

		41.60		89.60		1.60		40.00		83.20		25.60		281.60		Pencader

		44.80		4.80		6.40		19.20		6.40		38.40		120.00		Fairfield

		6.40		0.00		0.00		0.00		0.00		19.20		25.60		Lost Stream

		92.80		94.40		8.00		59.20		89.60		83.20		427.20





Sheet1

		



LAND USE (ACRES)

PIEDMONT WATERSHED LAND USE



Impervious Cover Results Pied

														LAND USE (ACRES)																								PERCENT IMPERVIOUS

		No.		Station ID		Stream Name		Drainage Area						Single Family Residential		Multi- Family Residential		Office		Industrial		Commercial		Institutional		Public/ Private Open Space		Wooded		Agricultural		Water		Vacant				Single Family Residential		Multi- Family Residential		Office		Industrial		Commercial		Institutional		Public/Private Open Space		Wooded		Agricultural		Water		Vacant				% Impervious		PARAMETER GRADE

						PIEDMONT WATERSHED		(Acres)		(Sq. Mi.)

		1		P1PC		Pencader Creek		281.60		0.44				41.60		89.60		0.00		0.00		1.60		40.00		83.20		25.60		0.00		0.00		0.00				30		65		60		72		85		55		0		0		0		100		0				33.41		1.00

		2		P2PC																																		30		65		60		72		85		55		0		0		0		100		0

		3		P3PC																																		30		65		60		72		85		55		0		0		0		100		0

		4		P4																																		30		65		60		72		85		55		0		0		0		100		0

		5		P5FR		Fairfield Run		108.80		0.17				44.80		4.80		0.00		0.00		6.40		19.20		6.40		38.40		0.00		0.00		0.00				30		65		60		72		85		55		0		0		0		100		0				29.93		1.00

		6		P6FR																																		30		65		60		72		85		55		0		0		0		100		0

		7		P7FR																																		30		65		60		72		85		55		0		0		0		100		0

		8		P8FR																																		30		65		60		72		85		55		0		0		0		100		0

		9		P9LS		Lost Stream		25.60		0.04				6.40		0.00		0.00		0.00		0.00		0.00		0.00		19.20		0.00		0.00		0.00				30		65		60		72		85		55		0		0		0		100		0				7.50		3.00

						SUBTOTAL		416.00		0.65				92.80		94.40		0.00		0.00		8.00		59.20		89.60		83.20		0.00		0.00		0.00				30		65		60		72		85		55		0		0		0		100		0				30.90		1.00

																																																								FINAL GRADES						23.61		1.67

				Rating System*

				4		0%		No Impact

				3		0-10%		Sensitive

				2		10-25%		Impacted

				1		>25%		Non-Supporting

				* Based on study by Anne Kitchell: Managing Impervious Surfaces in Coastal Watersheds; also from the Center Watershed Protection





LANDUSE PIEDMONT

		PIEDMONT LANDUSE SURVEY

		LANDUSE		PENCADER CREEK						FAIRFIELD RUN						LOST STREAM						TOTAL

				Acres		Percentage		Grade		Acres		Percentage		Grade		Acres		Percentage		Grade		Acres		Percentage		Grade

		Institutional               (Score = 3)		40		14.20%		0.43		17		15.63%		0.47		0		0.00%		0		57		13.70%		0.41

		Commercial  (Score =2)		1.6		0.57%		0.01		6.4		5.88%		0.12		0		0.00%		0		8		1.92%		0.04

		Wooded (Score  = 4)		25.6		9.09%		0.36		33.4		30.70%		1.23		19.2		75.00%		3		78.2		18.80%		0.75

		Open Space (Public/private)      (Score =4)		83.2		29.55%		1.18		6.4		5.88%		0.24		0		0.00%		0		89.6		21.54%		0.86

		Single family residential  (Score = 3)		41.6		14.77%		0.44		40.8		37.50%		1.13		6.4		25.00%		0.75		88.8		21.35%		0.64

		Multifamily residential (Score = 2)		89.6		31.82%		0.64		4.8		4.41%		0.09		0		0.00%		0		94.4		22.69%		0.45

		TOTAL		281.60		1.00		3.06		108.80		1.00		3.26		25.60		1.00		3.75		416.00		1.00		3.16

		GRADE		3.06						3.26						3.75						3.16





HABITAT ASSESSMENT

		PIEDMONT HABITAT ASSESSMENT SURVEY

		PARAMETER		SEGMENT														PARAMETER GRADE

				PENCADER CREEK						FAIRFIELD RUN						LOST STREAM

				P1PC		P2PC		P3PC		P5FR		P6FR		P7FR		P9LS

		LITTER		3		1		2		4		2		3		4		2.71

		NPS POLLUTION		1		1		2		3		2		1		4		2.00

		POINT SOURCE POLLUTION		4		4		4		4		3		1		4		3.43

		EROSION		2		3		2		2		1		2		1		1.86

		MANMADE STRUCTURES		2		3		2		3		4		4		4		3.14

		EPIFAUNAL SUBSTRATE/AVAILABLE COVER		2		3		2		2		3		3		1		2.29

		POOL SUBSTRATE CHARACTERIZATION		2		1		2		2		3		3		2		2.14

		POOL VARIABILITY		2		2		2		4		4		1		1		2.29

		SEDIMONT DEPOSITION		2		3		3		2		1		2		4		2.43

		CHANNEL FLOW STATUS		3		4		1		3		1		3		1		2.29

		CHANNEL ALTERATION		4		4		4		3		2		4		4		3.57

		CHANNEL SINUOSITY		2		1		2		2		2		2		2		1.86

		BANK STABILITY		3		3		1		1.5		1		1.5		1		1.71

		VEGETATIVE PROTECTION		2		4		4		4		3		3		4		3.43

		RIPARIAN VEGETATIVE ZONE WIDTH		2		2.5		2.5		3.5		1.5		3.5		4		2.79

		RECREATION		4		4		1		4		4		3		4		3.43

		SITE GRADE		2.67		2.90		2.43		3.13		2.50		2.67		3.00		2.81

		STREAM GRADE		2.67						2.77						3.00

		RECREATION SCORE		NONE		SWIMMING/BOATING/FISHING		PARKS		GOLF

				4		4		3		1
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FAIRFIELD RUN
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LOST STREAM

1.0

1.0

3.1

3.3


FINAL GRADES

		PIEDMONT WATERSHED REPORT CARD

		STREAM		WATER QUALITY		LANDUSE		IMPERVIOUS COVER		HABITAT ANALYSIS		FINAL GRADE

		PENCADER CREEK										C

		P1PC		2.5		3.1		1.0		2.7		2.3

		P2PC		2.6						2.9		2.4

		P3PC		2.5						2.4		2.2

		FINAL GRADE		2.5		3.1		1.0		2.7		2.3

		FAIRFIELD RUN										C+

		P5FR		2.8		3.3		1.0		3.1		2.5

		P6FR		2.6						2.5		2.3

		P7FR		2.6						2.7		2.4

		FINAL GRADE		2.7		3.3		1.0		2.8		2.4

		LOST STREAM										B

		P9LS		2.9		3.8		3.0		3.0		3.2

		FINAL GRADE		2.9		3.8		3.0		3.0		3.2

		WATERSHED FINAL GRADE		2.7		3.4		1.7		2.8		2.6

		WATERSHED FINAL LETTER GRADE*		B-		B+		C-		B-		B-

		*Final Watershed Letter Grade is Based on the Following Scale:

		A+		B+		C+		D+		F

		4		3.4		2.5		1.5		<0.7

		A		B		C		D

		3.9-3.7		3.4-3.0		2.4-2.0		1.4-1.0

		A-		B_		C-		D-

		3.7-3.5		3.0-2.6		2.0-1.6		1.0-0.7

		COASTAL PLAIN WATERSHED

		STREAM		WATER QUALITY		HABITAT ANALYSIS		LAND USE		IMPERVIOUS COVER		FINAL GRADE

		TRIBUTARY 1

		CP1		0.00		0.00		0.00		0.00		0.00

		CP2		0.00		0.00						0.00

		CP3		0.00		0.00						0.00

		FINAL GRADE		0.00		0.00		0.00		0.00		0.00

		TRIBUTARY 2

		CP4		0.00		0.00		0.00		0.00		0.00

		CP5		0.00		0.00						0.00

		CP6		0.00		0.00						0.00

		FINAL GRADE		0.00		0.00		0.00		0.00		0.00

		TRIBUTARY 3

		CP7		0.00		0.00		0.00		0.00		0.00

		CP8		0.00		0.00						0.00

		CP9		0.00		0.00						0.00

		FINAL GRADE		0.00		0.00		0.00		0.00		0.00

		TRIBUTARY 4

		CP10		0.00		0.00		0.00		0.00		0.00

		CP11		0.00		0.00						0.00

		CP12		0.00		0.00						0.00

		FINAL GRADE		0.00		0.00		0.00		0.00		0.00

		TRIBUTARY 5

		CP13		0.00		0.00		0.00		0.00		0.00

		CP14		0.00		0.00						0.00

		CP15		0.00		0.00						0.00

		FINAL GRADE		0.00		0.00		0.00		0.00		0.00

		WATERSHED FINAL GRADE		0.00		0.00		0.00		0.00		0.00

		WATERSHED FINAL LETTER GRADE*



&C&"Garamond,Bold Italic"&20REPORT CARD
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WQ COASTAL PLAIN

		COASTAL PLAIN WATERSHED CHEMICAL ANALYSIS

		PARAMETER		SITE																																																												PARAMETER GRADE

				TRIBUTARY 1												TRIBUTARY 2												TRIBUTARY 3												TRIBUTARY 4												TRIBUTARY 5

				CP1				CP2				CP3				CP4				CP5				CP6				CP7				CP8				CP9				CP10				CP11				CP12				CP13				CP14				CP15

				Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating

		Alkalinity (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Ammonia (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Chloride (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Chlorine (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Chromium (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Copper (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Dissolved Oxygen (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Biochemical Oxygen Demand (BOD) (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Hardness (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Iron (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Nitrate (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		pH				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Phosphate (PPM)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Turbidity (Clear or No)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Surface Sheen (Yes or No)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Odor (Yes/No)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Conductance				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		Hydrocarbon (Yes/No)				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00		0.00

		SITE GRADE		0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00				0.00

		STREAM GRADE		0.00												0.00												0.00												0.00												0.00
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WQ PIEDMONT

		PIEDMONT WATERSHED CHEMICAL ANALYSIS

		PARAMETER		SITE																												PARAMETER GRADE

				Pencader Creek												Fairfield Run												Lost Stream

				P1PC				P2PC				P3PC				P5FR				P6FR				P7FR				P9LS

				Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating		Raw Data		Rating

		Alkalinity (PPM)		120		2		120		2		160		1		80		3		120		2		80		3		80		3		2.29

		Ammonia (PPM)		<1		4		0		4		0		4		0.5		4		0		4		0		4		0		4		4.00

		Chloride (PPM)		>60		2		>60		1		40		3		60		3		>60		1		>60		2		20		4		2.29

		Chlorine (PPM)		<0.5		2		0		4		0		4		0.5		1		0		4		0		4		0		4		3.29

		Chromium (PPM)		0		0		0		4		0		4		0		4		0		4		0		4		0		4		3.43

		Copper (PPM)		0		4		0		4		0		4		0.5		2		0		4		0		4		0.5		3		3.57

		Dissolved Oxygen (PPM)		4		2		6		4		4		2		4		2		3		1		4		2		5		3		2.29

		Biochemical Oxygen Demand (BOD) (PPM)		-3		1		-3		1		-3		1		2		1		0.5		1		-4		1		0.2		1		1.00

		Hardness (PPM)		200		1		120		2		120		2		160		2		120		2		120		3		120		2		2.00

		Iron (PPM)		<0.5		2		1		1		1		1		0		4		0		4		0.3		1		0		4		2.43

		Nitrate (PPM)		<0.5		3		2.5		4		1		4		<2.5		4		5		3		5		3		2		4		3.57

		pH		8.22		1		7.92		2		7.88		3		7.95		2		7.4		3		8.7		1		7.5		3		2.14

		Phosphate (PPM)		0.5		4		3		1		1.5		1		1.5		1		2		1		2		1		3		1		1.43

		Turbidity (Clear or Not)		Clear		4		Clear		4		Slightly yellow		3		0		4		0		4		0		4		0		4		3.86

		Odor (Yes/No)		0		4		0		4		0		4		0		4		0		4		0		4		0		4		4.00

		Surface Sheen (Yes/No)		0		4		Bubbles		3		Yes		1		0		4		Foam		3		0		4		0		4		3.29

		Conductivity (??)		0		4		309.2		1		228.7		2		15		4		311		1		405		1		39		4		2.43

		Hydrocarbon (Yes/No)		Yes		1		Yes		1		Yes		1		Yes		1		Yes		1		Yes		1		Yes		1		1.00

		SITE GRADE		2.50				2.61				2.50				2.78				2.61				2.61				2.93				2.71

		STREAM GRADE		2.54												2.67												2.93

		GRADING SCALE:

		EXCELLENT				FAIR				POOR				VERY POOR

		4				3				2				1
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Sheet1

		LAND USE (ACRES)

		Single Family Residential		Multi- Family Residential		Commercial		Institutional		Public/ Private Open Space		Wooded		TOTAL

		41.60		89.60		1.60		40.00		83.20		25.60		281.60		Pencader

		44.80		4.80		6.40		19.20		6.40		38.40		120.00		Fairfield

		6.40		0.00		0.00		0.00		0.00		19.20		25.60		Lost Stream

		92.80		94.40		8.00		59.20		89.60		83.20		427.20





Sheet1

		



LAND USE (ACRES)

PIEDMONT WATERSHED LAND USE



Impervious Cover Results Pied

														LAND USE (ACRES)																								PERCENT IMPERVIOUS

		No.		Station ID		Stream Name		Drainage Area						Single Family Residential		Multi- Family Residential		Office		Industrial		Commercial		Institutional		Public/ Private Open Space		Wooded		Agricultural		Water		Vacant				Single Family Residential		Multi- Family Residential		Office		Industrial		Commercial		Institutional		Public/Private Open Space		Wooded		Agricultural		Water		Vacant				% Impervious		PARAMETER GRADE

						PIEDMONT WATERSHED		(Acres)		(Sq. Mi.)

		1		P1PC		Pencader Creek		281.60		0.44				41.60		89.60		0.00		0.00		1.60		40.00		83.20		25.60		0.00		0.00		0.00				30		65		60		72		85		55		0		0		0		100		0				33.41		1.00

		2		P2PC																																		30		65		60		72		85		55		0		0		0		100		0

		3		P3PC																																		30		65		60		72		85		55		0		0		0		100		0

		4		P4																																		30		65		60		72		85		55		0		0		0		100		0

		5		P5FR		Fairfield Run		108.80		0.17				44.80		4.80		0.00		0.00		6.40		19.20		6.40		38.40		0.00		0.00		0.00				30		65		60		72		85		55		0		0		0		100		0				29.93		1.00

		6		P6FR																																		30		65		60		72		85		55		0		0		0		100		0

		7		P7FR																																		30		65		60		72		85		55		0		0		0		100		0

		8		P8FR																																		30		65		60		72		85		55		0		0		0		100		0

		9		P9LS		Lost Stream		25.60		0.04				6.40		0.00		0.00		0.00		0.00		0.00		0.00		19.20		0.00		0.00		0.00				30		65		60		72		85		55		0		0		0		100		0				7.50		3.00

						SUBTOTAL		416.00		0.65				92.80		94.40		0.00		0.00		8.00		59.20		89.60		83.20		0.00		0.00		0.00				30		65		60		72		85		55		0		0		0		100		0				30.90		1.00

																																																								FINAL GRADES						23.61		1.67

				Rating System*

				4		0%		No Impact

				3		0-10%		Sensitive

				2		10-25%		Impacted

				1		>25%		Non-Supporting

				* Based on study by Anne Kitchell: Managing Impervious Surfaces in Coastal Watersheds; also from the Center Watershed Protection





LANDUSE PIEDMONT

		PIEDMONT LANDUSE SURVEY

		LANDUSE		PENCADER CREEK						FAIRFIELD RUN						LOST STREAM						TOTAL

				Acres		Percentage		Grade		Acres		Percentage		Grade		Acres		Percentage		Grade		Acres		Percentage		Grade

		Institutional               (Score = 3)		40		14.20%		0.43		17		15.63%		0.47		0		0.00%		0		57		13.70%		0.41

		Commercial  (Score =2)		1.6		0.57%		0.01		6.4		5.88%		0.12		0		0.00%		0		8		1.92%		0.04

		Wooded (Score  = 4)		25.6		9.09%		0.36		33.4		30.70%		1.23		19.2		75.00%		3		78.2		18.80%		0.75

		Open Space (Public/private)      (Score =4)		83.2		29.55%		1.18		6.4		5.88%		0.24		0		0.00%		0		89.6		21.54%		0.86

		Single family residential  (Score = 3)		41.6		14.77%		0.44		40.8		37.50%		1.13		6.4		25.00%		0.75		88.8		21.35%		0.64

		Multifamily residential (Score = 2)		89.6		31.82%		0.64		4.8		4.41%		0.09		0		0.00%		0		94.4		22.69%		0.45

		TOTAL		281.60		1.00		3.06		108.80		1.00		3.26		25.60		1.00		3.75		416.00		1.00		3.16

		GRADE		3.06						3.26						3.75						3.16





HABITAT ASSESSMENT

		PIEDMONT HABITAT ASSESSMENT SURVEY

		PARAMETER		SEGMENT														PARAMETER GRADE

				PENCADER CREEK						FAIRFIELD RUN						LOST STREAM

				P1PC		P2PC		P3PC		P5FR		P6FR		P7FR		P9LS

		LITTER		3		1		2		4		2		3		4		2.71

		NPS POLLUTION		1		1		2		3		2		1		4		2.00

		POINT SOURCE POLLUTION		4		4		4		4		3		1		4		3.43

		EROSION		2		3		2		2		1		2		1		1.86

		MANMADE STRUCTURES		2		3		2		3		4		4		4		3.14

		EPIFAUNAL SUBSTRATE/AVAILABLE COVER		2		3		2		2		3		3		1		2.29

		POOL SUBSTRATE CHARACTERIZATION		2		1		2		2		3		3		2		2.14

		POOL VARIABILITY		2		2		2		4		4		1		1		2.29

		SEDIMONT DEPOSITION		2		3		3		2		1		2		4		2.43

		CHANNEL FLOW STATUS		3		4		1		3		1		3		1		2.29

		CHANNEL ALTERATION		4		4		4		3		2		4		4		3.57

		CHANNEL SINUOSITY		2		1		2		2		2		2		2		1.86

		BANK STABILITY		3		3		1		1.5		1		1.5		1		1.71

		VEGETATIVE PROTECTION		2		4		4		4		3		3		4		3.43

		RIPARIAN VEGETATIVE ZONE WIDTH		2		2.5		2.5		3.5		1.5		3.5		4		2.79

		RECREATION		4		4		1		4		4		3		4		3.43

		SITE GRADE		2.67		2.90		2.43		3.13		2.50		2.67		3.00		2.81

		STREAM GRADE		2.67						2.77						3.00

		RECREATION SCORE		NONE		SWIMMING/BOATING/FISHING		PARKS		GOLF

				4		4		3		1







Implications
1) Basis for experimental watershed

2) Precedence among other universities

3) Applicability to University of Delaware curriculum

4) Transferability of watershed mapping process

5) Relationship of watershed land-use to stream health

6) Transferability of watershed report card

7) Recommendations for the future



Implications
FUTURE RECOMMENDATIONS

1) Grant proposal

2) Oversight committee

3) Official stream names

4) Public outreach

5) Field station indicators



www.wr.udel.edu
www.ipa.udel.edu



The Team
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