NORTH RIVER
A Place-Based Education Case Study

NORTH RIVER
The North River is the largest source of fresh water to Salem Sound, and its watershed is nearly 11.5 square miles
collecting water from Peabody and Salem. The North River is listed on the Massachusetts Department of Environmental
Protection's list of impaired waters and suffers from severe flooding, polluted urban runoff, pathogens and visible
environmental degradation. The North River is a tidal river which affects the salinity and the flow of the river. The tidal
influence from Salem Sound is near the Salem - Peabody boundary adjacent to the Stop ‘n Shop on Howley Street. In
this location, the North River is generally shallow and narrow. The river banks and surrounding area are often littered
with debris from the Stop ‘n Shop parking lot and flooding that carries trash from upstream stormwater.
Precipitation that falls at the North Shore Mall and the High School flow into the Proctor Brook; precipitation falling on
Centennial Park and the Higgins Middle School flows into the Goldthwait Brook. These two brook and three others Tapley, Lawrence and Strongwater Brooks - all flow into the North River and eventually out to the ocean in Salem
Sound.
The North River once was much wider and the tide reached all the way to Peabody Square, but the river channel and its
floodplain were filled in starting in the 1700's. About a 100 years ago, the railroad filled in closest to the river and the
railroad tracks are still here and used to transport chemicals to Eastman Gelatine now Rousselot
Students will visit 4 stations along the North River in Peabody MA to better understand their local watershed.
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NORTH RIVER

Station 1: Chalk on Rocks – Topography effects the flow of run-off within a watershed system.
Station 2: Watershed Slope - The slope of land effects the watershed system.
Station 3: North River Story - Industrialization brings with it technology that changes the natural
landscape.

Station 4: Head of Tide – Ocean influences are found at upstream locations on the North River.
Next Generation Science Standards
Science & Technology
Earth Systems
ESS2.C: The Roles of Water in Earth’s Surface Processes – Water continually cycles among land, ocean and atmosphere via
transpiration, evaporation, condensation and crystallization, and precipitation as well as downhill flows on land.
Earth and Human Activity
ESS3.C: Human Impacts on Earth Systems – Typically as human populations and per-capita consumption of natural resources
increase, so do the negative impacts on Earth, unless the activities and technologies involved are engineered otherwise.

MA Frameworks
History
USI.28 Explain the emergence and impact of the textile industry in New England and industrial growth generally throughout
antebellum America.
Math
Grade 7 - Students graph proportional relationships and understand the unit rate informally as a measure of the steepness of
the related line, called the slope.

NORTH RIVER
Content Discipline
CHALK ON ROCKS

Middle School SCIENCE

Topography is the shape of the surface features of an area. Different watersheds have different
shapes because the topography of the land within the watershed is different. If a watershed is narrow
and small, that probably means that the land within the watershed is steep. If a watershed is wide
and sprawling, the land within the watershed is flatter. If students are having a hard time visualizing
how topography influences watershed shape, use a piece of paper to demonstrate the concept. To
demonstrate a small and narrow watershed with steep topography, have students curl the sides of a
piece of paper upward. Ask what would this watershed look like from above? Lay the paper flat to
demonstrate a large and wide watershed. Repeat the same question as before, asking again what this
watershed would look like from above. The curled paper as viewed from above will look much smaller
than the flat paper. (adapted from National Geographic-Mapping the World’s Watersheds)

Location








A large rock is used as a model for a watershed system.
Students will draw the rock and surrounding landscape from an aerial view.
Students will be selected to draw measured contour lines on the rocks to create a
topographic model of the land.
Water from buckets will be poured onto chalk drawings.
Students will observe the flow of water over the topographic features.
Students will fill in the flow of water on their diagrams.

Perkins Park, Peabody, MA

Learning Objectives
Topography effects the flow of
run-off within a watershed
system.

Skills & Practices
Developing and using models

Materials
Large Rocks
Chalk
Pencil
Clipboard
Gallons of Water
Meter Stick
Chalk on Rocks Student Data
Sheet

NORTH RIVER
Content Discipline
WATERSHED SLOPE

Middle School MATH

Water takes the path of least resistance flowing down-hill to the lowest point and pooling up to
create our streams, rivers, lakes and ponds. The slope and material of the land determines how
quickly the run-off will pool up. The more impermeable the surface (roads, parking lots and buildings)
and the steeper the slope, the faster the run-off will travel and flow into the body of water.

Location

Does anyone have any idea of what the word “slope” means? steepness of a line, incline, not a flat surface
When you are skiing down a mountain, is it easy or difficult to go from the top of the mountain to the lodge?
skis do all the work, not working very hard
When we talk of going down a mountain, some people refer to this as a “negative slope” (downward direction)

Perkins Park, Peabody, MA

Learning Objectives
The slope of land effects the
watershed system.

Skills & Practices
Analyzing and interpreting data
Using mathematics and
computational thinking

What do you think happens when Peabody gets a heavy rain?
Do you think that the rainwater will be flowing up towards Emerson Park or towards downtown Peabody?
downtown Peabody
What happens to water on a flat surface? flat surface - water puddles, doesn’t go anywhere






Lie the meter stick on the sidewalk.
One person from the team will stay at the higher end of the meter stick and hold it down so
that it does not move.
A second person from the team will lift the lower end of the meter stick until the level
indicates that the meter stick is horizontal.
The third team member will now use the measuring tape to measure the vertical distance (in
centimeters) from the sidewalk to the end of the meter stick.
Students enter all data and do calculations

Materials
Meter Stick
Measuring Tape
Level
Watershed Slope Data Sheet

NORTH RIVER
Content Discipline
NORTH RIVER STORY

Middle School HISTORY

Peabody was settled about 1626 within Salem, which had itself been founded in 1626 and incorporated in 1629.
In 1752, the area was set off from Salem and incorporated as part of Danvers. It was usually referred to as "the
South Parish", associated with the church located in the center (now Peabody Square). In 1855, the community
broke away from Danvers to become the town of South Danvers, incorporated that May 18. The name was
changed on April 30, 1868, to Peabody after George Peabody, a noted philanthropist. It would be incorporated
as a city in 1916.
The town began as a farming community, but its streams attracted mills which operated by water power. In
particular, Peabody was a major center of New England's leather industry, and tanneries remained an important
part of the city's economy into the second half of the 20th century. Tanneries are factories which produce and
process leather goods. The tanneries have since closed, but Peabody remains known locally as the Leather City
or Tanner City, which is why the high school sports teams are nicknamed the Tanners which continues to be the
mascot today.
In the process of industrializing the city of Peabody, the business owners needed more space for more
tanneries. In addition, each tannery needed to be next to the North River (point out the location of the river
behind you.) Many tanneries squeezed into the small downtown area along the North River. To fit more and
more tanneries and factories, the river was narrowed into a canal many times smaller than the size of the
original river. This reduced the water flow substantially.
Furthermore, a major part of leather production involved treating the animal hides with numerous toxic
chemicals. When they were finished with the chemicals, they dumped them into the North River, creating
highly polluted water. In the 1970s, the Environmental Protection Agency required Peabody to stop dumping
chemicals into the water.
The effects of the tanneries and factories are still felt today, long after the last tanneries closed. The shrinking of
the North River, along with the creation of new homes, roads, and shopping centers, created an area highly
susceptible to flooding. Due to the majority of the surfaces in the city being paved over, the water has no place
to go. During heavy rain, the water runs-off the streets into the storm drains, which all run into the North River.
There is simply too much water for the tiny river to handle, so the city floods.
(Feel free to include any stories or anecdotes about past floods)

Location
Walnut Street Park
Peabody, MA

Learning Objectives
Industrialization brings with it
technology that changes the
natural landscape.

Skills & Practices
Crosscutting Concepts
Cause and effect

Materials
Historic Photos

NORTH RIVER
Content Discipline
HEAD OF TIDE

Middle School SCIENCE

The head of tide is the farthest place upstream where a river is affected by the tidal fluctuations – this
evidenced by the change in salinity, height, flow rate and direction of river. This station and activity is
an ideal activity for students to use skills of claims, evidence and reasoning.

Location
North River behind Stop and
Shop

Learning Objectives
Salinity
As the tide ebbs and flows throughout the day, we expect to see the salinity of the water increase
and decrease.
Students take salinity measurements at pre-determined locations along the river throughout the tidal
cycle using a refractometer. Using the following scale the most inland location of tidal influence can
be found: less than 5ppt = freshwater, 5-17ppt = brackish/estuary, 17-35ppt = ocean water.
Height, Flow Rate and Direction
The flow of the river will change as the tide ebbs and flows. On an incoming tide, in this part of the
North River, the flow of the river should be mostly in an upstream flow (moving toward Peabody and
away from Salem). As the tide changes to a low tide, the flow will slow and eventually shift to a
downstream flow, that is, toward the ocean (toward Salem and away from Peabody).
Students will find the rate and direction of flow throughout a tidal cycle using an orange as the
floating object to time a pre-determined distance. After doing simple calculations students can find
the flow rate of the river (m/s or ft/s)

Ocean influences are found at
upstream locations on the
North River.

Materials
Refractometer
Measuring Tape
Depth Stick
Orange
Stop Watch
Local Tide Chart
Head of Tide Data Sheet

NORTH RIVER
Wrap-Up
Watch North River Video: https://vimeo.com/109400013

Students reflect on what they have learned

Name____________________________________________________

Date________________

Peabody Watershed Wrap-up Activity
1. What do you see on the river banks? Does it look like a natural river bank or are there man-made materials?
2.

How have we impacted Peabody’s watershed?

3.

How does the watershed affect us?

4.

What is a watershed?

NORTH RIVER

NORTH RIVER

NORTH RIVER

Note: this sheet can be used as a typical student worksheet or
laminated and used by the group with dry erase markers.

Head of Tide Student Worksheet: How Fast is the River Flowing?
As a Team you will determine which way the river is flowing and how fast. The rate and direction of the river at this spot changes
throughout the day due to the tides from the ocean.
Fill in the data below and follow the steps to determine the flow rate of the stream. We, as a group, will determine what the data is telling
us about the tides, direction and flow rate of the river.
Tools
•
•
•
•
•

orange
100 ft measuring tape
meter stick
waders
stop watch

Steps
1.
2.
3.
4.
5.

Using the 100 ft measuring tape, record eh length of the stream section in feet.
Release the orange from the upstream location and begin the stop watch.
Record the time it takes the orange to arrive at the downstream location.
Record the average depth of the river section.
Record the average width of the river section.

NORTH RIVER
Data Collection

River Section Length (feet)
Elapsed Travel Time of Orange (seconds)
River Depth (feet)
River Width (feet)

River Velocity

÷

=

River Speed (ft/sec)

River Discharge
River Width (feet)

River Depth (feet)

X

X

River Speed
(ft/sec)

=

River Discharge
(ft3/sec)

NORTH RIVER
Note: this sheet can be used as a typical student worksheet or
laminated and used by the group with dry erase markers.

Head of Tide Student Worksheet: Using Salinity to find the Head of Tide
Your job at this station is to find the Head of Tide of the North
River.
The head of tide is the farthest place upstream where a river is
affected by the tidal fluctuations – this will be seen where the
salinity decreases. As the tide ebbs and flows throughout the
day we would expect to see the salinity of the water increase
and decrease. Using salinity measurements from a
refractometer you will be able to estimate the head of tide
location.

Salinity (ppt)

Type of Water

Less than 5 ppt

Freshwater

5 – 17 ppt

Brackish/Estuary

17 – 35 ppt

Ocean Water

NORTH RIVER
A. When recording data:
1. Repeat information back to team members BEFORE recording it – this will ensure accuracy.
2. Attach the units to the number you record!

Your River
Location

Trial 1
Result (ppt)

Trial 2
Result (ppt)

5
2
0

Salinity (ppt)

10

20

B. Share Your Average Data with Group
C. Draw Line of Graph from Group Results and Determine where the HEAD of TIDE is:

1

2

3

4 Location
5
River

6

7

8

Average (ppt)

