
Aggregating Watershed Restoration 

Efforts for Measurable Ecosystem 

Improvements



The World We Live In?     Drivers for our Work?



What Are Your Goals?

How Do You Achieve Them?



What  Are Your Goals?

• Reduce:

• Sediment

• Pathogens 

• Nitrogen and Phosphorous Pollution

• Flooding & Excessive Runoff

• Temperature

• Removal of Impaired Status – Clean 

Water Act

• Wild Trout



Wild Brook Trout?

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=fHGoDKgSWNcluM&tbnid=XLnTniA_BgOoGM:&ved=0CAUQjRw&url=http://www.mendosa.com/fitnessblog/?p=4883&ei=mHlFUvDjHJTc8wTHyYHABA&bvm=bv.53217764,d.eWU&psig=AFQjCNEHSdZVja0OiRgX-4uJDtpbTyeImw&ust=1380370673786292


What Are Your Goals?

How Do You Achieve Them?



What will we do or change?



Flow 

Regime
• Velocity

• Volume

• Surface runoff

• Groundwater

• Variability

• High-low extremes

Habitat 

Structure

•Channel width/depth

•Banks 

•Substrate

•Canopy cover

•Riparian vegetation

•Gradient/slope

Water 
Quality

Energy 

Source

•Sunlight

•Primary Production

•Secondary Production

•Organic matter inputs

•Nutrient availability 

Biotic 

Interac-

tions

•Competition

•Reproduction

•Predation

•Feeding

•Parasitism

•Disease

Ecological 

Integrity of 

the River

•Turbidity

•Conductivity

•Temperature

•Dissolved Oxygen

•Nitrogen

•Phosphorous

•pH

•Contaminants

Watershed 

characteristics



Improve Pasture Management
Stabilize Roadway

Improved Crop Field Management

Plant Forest Buffer Exclude Livestock From Stream

Stop Barnyard Runoff
Manure Storage

What will we do or change?



What will we impact?:

• Bacteria

• Sediment

• Water Temp

• Infiltration/Hydrolo

gy

• Soil Carbon?

• Macroinvertebrates

• Fish

• Algae



Problem Barnyard



Improved Barnyard



Lititz Run – Before Forest Buffer



Lititz Run - 18 Year Old Forest 

Buffer



Other Measurable 

Outcomes?:

• Milk Production

• Herd Health

• Infectious Disease

• Hoof Problems



Happy & Healthy Cows



• Reduce:

• Sediment

• Pathogens 

• Nitrogen and Phosphorous 

Pollution

• Flooding & Excessive Runoff

• Removal of Impaired Status – Clean 

Water Act

• Wild Trout

What  Are Your Goals?



Typical Farm Project

How Much Change is Enough?



Our Mission
How Many Farms is Enough?



13 Parcels

11 farms



The Role of Modeling



Model My Watershed















Courtesy Mike Hickman, Center for Watershed Protection



MapShed PRP Default Rate, BANCS 

Results, and DEM Differencing

BMP 

Number

Default 

Rate 

Estimated 

in TMDL 

Plan at 115 

lb/ft

(tons/yr)

BANCS 

Method 

(tons/yr)

Watershed 

DEM 

Differencin

g Erosion ±

Error 

(tons/yr)

Watershed 

DEM 

Differencing 

Erosion Error 

Percentage 

(%)

4 57.5 18.6 6.1 ± 2.4 39.4%

5 66.1 68.9 9.5 ± 2.0 20.8%

9 193.7 206.9 33.4 ± 12.6 37.8%

10 115.0 62.7
-72.2 ± -

13.9*
-19.3%*

12 103.5 25.8 10.2 ± 2.8 27.2%

*Net Deposition
Courtesy Mike Hickman, Center for Watershed Protection





West Branch Brandywine Creek - Honeybrook

Honeybrook





Conservation

Plan



Manure

Management

Plan













“Level-lip spreader” located behind 

Stroud

Water Research Center before 

construction

Level-lip spreader during construction

Level lip spreader after constructionLevel-lip spreader during construction

“Level-lip spreaders” are shallow conservation swales built along the contour of the slope that collect surface runoff 

during rainstorms. With most storms the water that is collected will infiltrate into the ground, sediments settle out, 

and the water flows as groundwater to the stream. In big storms the water will flow over the level-lip evenly into the 

streamside forest before reaching the stream. Level-lip spreaders help reduce flooding and prevent nutrients and 

sediments from reaching the stream. These swales are being designed by Chester County Conservation District in 

partnership with the Stroud Center.









Planted Apr 2007

Photo Aug 2008



Spring 2014





Flood Storage
Level Lip Spreaders and Wetland storage totals over 9,200 m3 of storage

That’s approximately 25% of a 2 inch, 24 hour storm event

How Do Other Factors 

Impact Flood Storage and 

Timing?



Conserving Water Quantity and 

Quality by Improving Soil Health



Field 6.1 

No cover crop

Field 6.2 

Yes cover crop





3x-4x Increase in Water Iinfiltration



Pristine?



What Are Your Goals?

How Do You Achieve 

Them?



Current Conditions and 
Progress Toward Restoration Goals

Brandywine Headwaters 

White Clay Creek 

Red Clay Creek

Plum Run



https://vectorcatalyst.ca/what-goal-to-pursue-first-prioritize-your-goals/

What Makes the DRWI Unique?

Prioritized Measurable Outcomes



Defining and Quantifying Goals

Aggregating Effort

Monitoring Progress and Outcomes

What Makes the DRWI Unique?

Prioritized Measurable Outcomes



What is the Restoration 
Goal?

Can it be Quantified?



Before

Before 

Monitoring

Has the Restoration 
Goal Been Reached?

What is the 
Rate of Change?

After



Headwaters

Brandywine

Creek

White

Clay

Creek Red

Clay

Creek

Plum

Run

Brandywine
Christina
Cluster



White Clay 
Restoration
Replicates

Restoration
Target

EV with Wild Trout



Brandywine
Christina
Cluster

Each focus area
is different



Brandywine
Headwaters
Focus Area



White Clay
Creek

Focus Area



Red Clay
Creek

Focus Area



Plum Run
Focus Area



Brandywine
Christina
Cluster



Brandywine
Christina
Cluster



Brandywine
Christina
Cluster



Headwaters WB 
Brandywine Cr

48 km 2

29 km of stream

High Quality 
Trout Stocking Fishery

Impaired

Goal is 
Unimpaired



Headwaters WB 
Brandywine Cr

48 km 2

29 km of stream

High Quality 
Trout Stocking Fishery

Impaired

Goal is 
Unimpaired

Future
Projects

Existing
Projects



Headwaters WB 
Brandywine Cr

48 km 2

29 km of stream

High Quality 
Trout Stocking Fishery

Impaired

Goal is 
Unimpaired

38%

44%

14%

7%

Existing projects as % 
of agricultural lands





Photo: Marissa Morton

Apr 1999

Aug 2016

Valley Creek
Tributary to 

Susquehanna River
10 km 2

3.5 km of stream



Comparison 

of stream 

condition 

2000 

versus

2016

Stream Recovery 

After Farm Restoration





White Clay Creek

43 km 2

34 km of stream

Exceptional Value
Cold Water Fishery

Impaired

Goal is 
Unimpaired

& 
Wild Trout



White Clay Creek

43 km 2

34 km of stream

Exceptional Value
Cold Water Fishery

Impaired

Goal is 
Unimpaired

& 
Wild Trout

Existing
Projects

Future
projects



White Clay Creek

43 km 2

34 km of stream

Exceptional Value
Cold Water Fishery

Impaired

Goal is 
Unimpaired

& 
Wild Trout

27%

31%
1%

0%

Existing projects as % 
of agricultural lands







https://www.drawingtutorials101.com/how-to-draw-simple-dump-truck

https://feedyardfoodie.wordpress.com/2013/03/28/march-madness/

2,927 tons of

sediment per year

8,953 lbs of

phosphorus per year

Headwaters BC
White Clay Creek

Red Clay Creek
Plum Run



https://www.drawingtutorials101.com/how-to-draw-simple-dump-truck

https://feedyardfoodie.wordpress.com/2013/03/28/march-madness/

293 truckloads 

sediment per year

224 truckloads 

manure per year

Headwaters BC
White Clay Creek

Red Clay Creek
Plum Run



Project progress is strong 

(27 – 44% complete in some areas)

Current conditions support Focus 

Area goals – unimpaired vs wild trout

Too early to see ecological outcomes 

– need more projects and time

Summary



Matthew J. Ehrhart

Director of Watershed Restoration

Stroud Water Research Center

mehrhart@stroudcenter.org

610 268 2153 ext 308



Current Conditions and 
Progress Toward Restoration Goals

Middle Schuylkill Cluster

Licking Creek

Spring Creek

Manor Creek

Rice Tributary



Middle Schuylkill Cluster



Middle Schuylkill Cluster

Tulpehocken

Creek

Manatawny

Creek

Perkiomen

Creek

Maiden

Creek



Middle Schuylkill Cluster



Middle Schuylkill Cluster

Blue Marsh
Reservoir

Green Lane
Reservoir

Lake 
Ontelaunee



Middle Schuylkill
Water Monitoring



Monitoring is like traveling.

There are lots of ways to do it.

They all serve a purpose.

But they are not all equal.



Source water concerns may ≠ Restoration goals

Regulatory requirements may ≠ Restoration goals

Engagement events may ≠ Restoration monitoring

Project monitoring may ≠ Focus Area monitoring 

Data Challenges/Lessons Learned



Site matters

Season matters

Variable measured matters

Rigor matters

Data Challenges/Lessons Learned



Middle Schuylkill Cluster



Middle
Schuylkill

Cluster



Middle
Schuylkill

Cluster



Middle
Schuylkill

Cluster



Manor Creek

Maiden trib Rice

Licking Creek

Spring Creek trib



X

X
X X



Licking Creek in
Tulpehocken 

4 km 2

3.7 km of stream
29% forest

45% pasture
20% row crop

Trout Stocking Fishery

UnImpaired

Goal is 
Cold Water Fishery

39%



Spring Creek in
Tulpehocken 

10 km 2

6.8 km of stream
23% forest

43% pasture
23% row crop

Trout Stocking Fishery

Unimpaired?

Goal is 
improved

Trout Stocking 
Fishery

10%





Photo: Marissa Morton

Apr 1999

Aug 2016

Valley Creek
Tributary to 

Susquehanna River
10 km 2

3.5 km of stream



Comparison 

of stream 

condition 

2000 

versus

2016

Stream Recovery 

After Farm Restoration





Maiden Trib @ 
Rice Farm

1 km 2

6.8 km of stream
5% forest

47% pasture
31% row crop

Cold Water Fishery

Unimpaired?

Goal is 
improved

Cold Water Fishery

Maiden Creek

Trib @ Rice
Manor 

Creek



Maiden Trib @ 
Rice Farm

1 km 2

6.8 km of stream
5% forest

47% pasture
31% row crop

Cold Water Fishery

Unimpaired?

Goal is 
improved

Cold Water Fishery

61%



Manor Creek in 
Maiden

17 km 2

5.8 km of stream
52% forest

26% pasture
18% row crop

Cold Water Fishery

Unimpaired

Goal is 
improved

Cold Water Fishery

45%







https://www.drawingtutorials101.com/how-to-draw-simple-dump-truck

https://feedyardfoodie.wordpress.com/2013/03/28/march-madness/

6,294 tons of

sediment per year

17,910 lbs of

phosphorus per year

Middle 
Schuylkill

Cluster
Phase 1 & 2



https://www.drawingtutorials101.com/how-to-draw-simple-dump-truck

https://feedyardfoodie.wordpress.com/2013/03/28/march-madness/

629 truckloads 

sediment per year

448 truckloads 

manure per year

Middle 
Schuylkill

Cluster
Phase 1 & 2



5.1 miles of trucks line up 

bumper-to-bumper

per year

51 miles of trucks 

over 10 years

877 truckloads 

sediment and manure 

per year

8770 truckloads 

sediment and manure 

in years



Project progress is strong 

(45 – 61% complete in some areas)

Current conditions may support higher 

Focus Area goals – unimpaired 

cold water fishery   wild trout

Too early to see ecological outcomes 

– need more projects and time

Summary



Matthew J. Ehrhart

Director of Watershed Restoration

Stroud Water Research Center

mehrhart@stroudcenter.org

610 268 2153 ext 308




















