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 “To rule the mountain is to rule the river.”
— Emperor Hu, Fifth Century China

T hink of the stream as the mouth of a
funnel. It accumulates and concentrates
everything that flows into it. The uplands

surrounding the stream are like the sides of the
funnel. In total, a watershed is the network of
rivers and streams that drain it, the riparian
corridor along those
channels, and the
uplands that sur-
round them. None of
these areas is truly
distinct or separated
from the others.

Much of the health of the
total watershed depends on the
health of the uplands. Upland
conditions determine the character of
the riparian corridors and streams. If
the slopes above a stream are bare eroding

soil, then the riparian corridor and stream will
receive a greater load of sediment washed from
the uplands above.

Without a “sponge” of vegetation to help
collect and slow water on its way to the stream,
nearly all of the rainfall will quickly move into

the streams, creat-
ing a “flashy”
flow with a rapid
rise in stream

level—and perhaps
even flash floods. The

force of the water and the
scouring power of the

sediments it carries during
these events can scrape the sides

and bottom of the stream channel,
causing it to deepen and widen.

Gravels and other materials that many
aquatic organisms depend on for
habitat are carried away or buried.
The uplands are the source of the
materials carried by the stream. If a
stream is, or is not, working as we
think it should, the surrounding
uplands may be responsible. They
are all part of the same watershed.
Whatever affects one ultimately
affects the other.

The keys to watershed
management
The keys to a healthy watershed are
capture, store, and safe release of
water. Capture a raindrop where it
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falls, store it in the soil, and safely release it to
the stream over time. Managing a watershed for
these goals minimizes erosion and flooding and
provides cool water to streams over the longest
time.

Capture
To capture a raindrop, it must be able to infil-
trate, or soak, into the soil. Think of the differ-
ence between a raindrop falling on a pane of
glass and a raindrop falling on a sponge. The
porous structure of the sponge lets the water pass
into it. Ideally the surface of the soil should be
like that sponge—rough with plenty of open
spaces for water to enter. A layer of organic
material—such as plant litter and duff—on the
soil surface can perform two functions. First, it
acts like the sponge, absorbing and holding
water. Second, since it takes time for water to
enter the soil, it can help hold water in tiny
puddles, giving the soil time to absorb it.

The structure and condition of the soil affects
how well water infiltrates into it. Soils are com-
posed of mineral components, organic compo-
nents, air, and water. Infiltration can be affected
by the following:

Soil texture (particle size): Coarse soils,
like sand, have large pore spaces that allow fast
infiltration rates. Fine soils, like clay, have much
slower infiltration rates.

Soil structure (aggregates): Soil has many
components: clay, sand, loam, and organic mate-
rial. When they bind themselves together in
larger particles they are called aggregates. The
specific components that make up a soil and their
relative amounts determine infiltration rates.
Different types and combinations create aggre-
gates of different size and shape. These aggre-
gates affect infiltration through the size and
shape of the spaces between them. Soil aggre-
gates have structure, and soils with the most
structure have the best infiltration rates.

Colloids: Colloids are very tiny particles
such as clays. If colloids are present in large
amounts they can produce “shrink-swell” effects
that lead to soil cracking. They can also fill pore
spaces between aggregate particles and reduce
the rate and amount of infiltration. The chemical

nature of colloids affects how strongly water
molecules are attracted to them. Other sub-
stances, including various pollutants, may also be
chemically attracted to colloids.

Soil moisture: Like a sponge, soils can only
hold so much water before reaching capacity.

Soils that are already saturated will not readily
allow more water to infiltrate. The amount of
moisture already in the soil determines the vol-
ume of infiltration for any particular soil.

Soil frost: Frozen soils or soils with a layer
of ice on top (called concrete frost) may prevent
water from infiltrating. Concrete frost occurs
most commonly in compacted or unprotected
soils. Soils with good structure may instead form
large loose ice crystals (called stalactite frost).
A loose structure with good pore spaces allows
relatively greater and faster infiltration, even
when frozen.

Slope: The slope of a hill affects how readily
water can infiltrate into the soil that covers it.
Gravity moves water off steep slopes more
quickly, allowing little time for infiltration. A
combination of steep slopes and heavily saturated
soils can also create conditions that encourage
“slumping,” or landslides. The bonds that hold
soil particles together are weakened when the soil
is saturated. Saturated soils are also heavier. This
means that heavily saturated soils on steep slopes
without adequate plant cover can give way,
dumping large volumes of soil onto the base of
the slope. If the slope is above a stream channel,

The keys to a healthy

watershed are capture, store,

and safe release of water.

Capture a raindrop where it

falls, store it in the soil, and

safely release it to the stream

over time.
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this soil becomes sediments carried by the
stream.

Organisms and organic matter: Organic
material—plant litter and organic duff—on the
soil surface promotes ponding. Ponding allows
more time for infiltration to take place and in-
creases the total volume of water that can enter

the soil. The activities of burrowing rodents,
earthworms, and other organisms create holes,
depressions, and increase surface roughness that
promotes ponding.

Human activities can promote or limit infil-
tration. Activities that either compact or seal the
soil surface—roadbuilding, residential develop-
ment, or paving—reduce a watershed’s ability to
store water through infiltration and increases
runoff. Agricultural and forest practices can also
compact soils and remove vegetation that might
otherwise slow the flow of water across the land.
However, agriculture and forest activities that
roughen the soil surface, such as leaving plow
furrow, can have the opposite effect and help
retain water through ponding.

When infiltration rates cannot keep up with
rainfall rates, water begins to flow over the top of
the soil. This is called surface flow or surface
runoff. Surface runoff is rainfall that does not
infiltrate into the soil, but flows over the surface
until it reaches the stream. Less surface runoff
generally means more infiltration. This increases
storage and reduces erosion.

The force of water moving as surface runoff
can cause soil erosion. The speed that water
moves as runoff largely determines its erosive
force. Rapidly moving water has more force and
causes more erosion. The erosion process has
two parts, detachment and entrainment. De-
tachment occurs when a particle of soil is broken
loose from the soil surface. Entrainment is move-
ment of that particle with the surface water flow.
Soil particles carried with surface runoff may
increase the rate of erosion by bumping into
other particles and detaching them. Plants can
reduce the amount of erosion by protecting the
soil surface from the force of moving water and
sediments.

When soil is unprotected by vegetation or
surface litter, it is also in danger of detachment
when raindrops splash on the soil. A falling
raindrop carries a lot of force and can break soil
aggregates into smaller particles. Some of these
detached soil particles are carried away in the
surface flow. Others are driven together, com-
pacting them. Detached particles may be moved
into soil pores, sealing the soil and reducing
infiltration. Moist soils tend to compact more
easily than dry soils. Raindrops provide the
moisture and force necessary to compact the
unprotected soil surface.

Store
Some of the infiltrating water is absorbed by the
dry soil particles, and some fills the pore spaces
between soil particles. This water is available for
plants and other organisms. When the soil has
taken in as much water as it can store, water
begins to percolate through the soil on its way to
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the stream. It can take a long time for water to
move from the top of a watershed to the stream at
its base, effectively increasing the time any
particular storm contributes water to the stream.
In addition, stored water is kept away from the
sun’s rays and provides cool water to the stream
at a later time.

Safe release
The water that percolates through the soil to the
stream is called subsurface flow. Subsurface
flow is much slower than overland flow. Re-
leased slowly, it will sustain streamflow during
dry seasons of the year. Subsurface flow is the
baseflow of the stream. Delivered in a slow,
measured fashion it does not contribute to flood
peaks or the bad effects floods can have on
stream channels and streamside vegetation.

If infiltration is stopped or reduced, there
will be less groundwater recharge. Less ground-
water recharge means less baseflow to recharge
streams during dry times of the year. If baseflow
is disrupted, streams that once flowed throughout
the year may dry up in the summer.

Groundwater is also an important source of
water for wells. Groundwater includes water
found in aquifers—underground formations that
store water. Wells draw water from aquifers for
domestic, industrial, and agricultural use. Water
in aquifers is held in the pores and openings of
subsurface rock. The size of individual aquifers
varies from several hundred square miles to a
few square miles. And they range in thickness
from hundreds of feet to a few feet.

Promoting capture, store, and
safe release
For the most part the slope, soil type, precipita-
tion pattern, and geology of a watershed are
fixed. They cannot be easily altered. But human
activities can change how well rainfall is cap-
tured, stored, and released in a watershed.
Human activities can reduce infiltration, increase
compaction, or in other ways disrupt a
watershed’s ability to capture, store, and safely
release rainfall.

Another key to healthy watersheds is vegeta-
tion. Plants help reduce the force of falling rain,
provide structure to promote ponding and pud-
dling, slow overland flow, and anchor soils.
Good watershed management promotes healthy
plant cover across the soil surface. Managing
watersheds as a total unit is largely a matter of
managing vegetation.

Vegetative cover
Plant cover—whether trees, shrubs, grasses, or
forbs—benefits a watershed. The canopy inter-
cepts rain and reduces the force with which it
strikes the ground. The canopy and stems also
reduce wind velocity. Reduced wind velocity
along with shade from the canopy reduce evapo-
ration from the soil surface.

When leaves and twigs fall, they produce
litter, which decomposes and is eventually incor-
porated into the soil. Litter protects the soil
surface, allows infiltration, and slows down
surface runoff.

Stems and roots lead water into the ground.
Roots open up soil spaces for water retention and
drainage as well as add organic materials to the
soil. The movement of minerals from roots to
canopy provides recycling.

Windbreaks of trees and shrubs protect crops
and reduce moisture losses from evaporation.
Grasses, trees, and shrub stems along riverbanks
trap sediments and floating debris during high
water or flooding. They also reduce a stream’s
erosive power by slowing the edge of the stream.
Roots bind and stabilize streambanks and slopes,
which helps reduce slides and slumps.

Grasses, forbs, shrubs and trees make up the
major plant cover types. All four types build up
organic litter and affect soil development. They
usually develop under differing climatic condi-
tions and all are important to watershed manage-
ment.

Another key to healthy

watersheds is vegetation.
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A forest usually includes, in addition to trees
in various stages of growth, an understory of
shrubs and a low ground cover of forbs and
grasses. While all plants in a forest have some
effect on water, trees are the most important.
Litter fall from trees protects the soil’s surface.
Tree roots go deep into the soil and help bind it,
and tree crowns provide the most shade. The
effects of shrubs and grasses are similar to those

of trees including increased protection for soil
against the beating action of rain and drying
action of the wind.

Plants also draw moisture from the soil,
sometimes significantly reducing the amount of
water available for other plants or as baseflow.
An example is accelerated brush growth, particu-
larly juniper, on central and eastern Oregon
uplands. Increased juniper stands have, in some
areas, decreased summer streamflows. Juniper
competes more successfully than other vegeta-

tion for available moisture. This reduces ground
cover and may cause increased runoff and less
infiltration to groundwater storage. In addition,
juniper roots can tap groundwater storage.
Juniper’s high transpiration rate leaves less water
for stream runoff as summer progresses.

Areas too arid to support forests have a
different community structure. On dry lands
there is not enough rainfall to support an uninter-
rupted layer of plants to cover the soil. Between
individual plants there are areas that may be bare
or covered with plant litter. The organic material
from shrubs, grasses, and forbs is especially
important in these areas. Twigs, dead leaves, and
other plant debris help protect the bare soil
between plants from the erosive power of rainfall
and overland flow.

Management considerations
Water quality in a stream or river is largely
determined by the soils and vegetation in a sur-
rounding watershed. Therefore human activities
that effect soils and vegetation in the uplands
have consequences for water quality. These
activities include timber harvesting, farming,
livestock grazing, mining, recreation, and urban
or industrial development.

Timber harvest
Timber harvest is an important economic activity
in the uplands of many of Oregon’s watersheds.
Timber harvest opens and reduces the density of

Water quality is largely

deteremined by the soils and

vegetation in a surrounding

watershed.
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the canopy of plants that cover the forest floor.
Timber harvest does not negatively affect a
watershed if slope and soil are carefully consid-
ered and plant cover rapidly restored. In snow
zones, timber harvest can change the amount and
timing of water that flows from uplands to
streams. Openings in the forest may catch more
snow and the snow may melt at a different rate
than in an unbroken canopy. Oregon and several
other states have passed laws called Forest
Practices Acts to make sure that soil and water
resources are considered during timber harvest.

Farming
Agriculture is another important economic use of
both floodplains and uplands. The effects of
agriculture on watersheds are complex. On one
hand, plowing and other soil preparation tech-
niques can increase the amount of bare surface
exposed to the elements. This could increase the
amount of erosion and the amount of sediments
carried from uplands to streams. On the other
hand, these same activities can increase the
roughness of the soil and the permeability of its
surface. This will increase infiltration rates and
slow surface flows. Conservation tillage prac-
tices, such as returning crop residue to the soil
with no-till or minimum-till techniques, can also
increase the organic matter in the surface layers
of the soil.

To raise crops, farmers usually remove the
original plant cover and till the soil to make a
seedbed. Crop cover is usually seasonal and less
dense than natural cover. This provides less
protection for the soil.
Erosion by both wind and
water may remove the finer
and more fertile soil par-
ticles, reducing land pro-
ductivity. Agricultural
operations based on careful
appraisal of soil, slope, and
climatic conditions include
erosion control and are
compatible with successful
watershed management.

Livestock grazing
Many of the uplands in Oregon are used for
livestock grazing. These rangelands are typically
drier or less productive lands unsuitable for
cultivated agriculture without irrigation. By their
very nature rangelands support less plant cover
and often have more exposed soil surface.
Worldwide the greatest amount of erosion takes
place in dry regions. Maintaining healthy range-
land watersheds requires good plant cover and
good infiltration capacities. Overgrazing reduces
plant cover and plant density, compacts soils,
increases surface runoff, and increases erosion
rates. Simply controlling livestock density and
season of use is often enough to maintain vegeta-
tive cover.

Domestic livestock tend to concentrate in
specific areas when grazing. Concentrated graz-
ing impacts plant cover and soil. Grass cover can
be improved by removing some of the annual
growth, but forage productivity can be greatly
reduced if overgrazing occurs. Improperly timed
grazing, grazing too many animals, or grazing for
too long can change vegetation over a period of
years to species of lower value. Overuse of
rangelands by native grazing animals can also
seriously damage plant cover.

Excessive trampling by grazing animals can
contribute to soil compaction, accelerated runoff,
and erosion problems. Trampling can also help
scatter seeds and mix them into the soil to create
a new generation of plants.

Management of livestock and species of
wildlife that graze can enhance
watershed values, but is limited by
the carrying capacities of the
land and the forage species it
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will support. Land managers must consider
timing, density, and duration of animal use to
capitalize on the positive aspects of grazing.
Generally, recovery does not occur if vegetation
is thinned to less than 70 percent of the natural
cover. Without reseeding or other management
practices to speed recovery, degradation will
continue.

Fire
Fire is one of the most widespread and destruc-
tive agents affecting plant cover. Under certain
conditions, fire can nearly remove cover and
organic litter and, in extreme cases, sterilize and
change the chemistry of the surface soil. Burning

converts organic materials in plant cover, litter,
and topsoil to gases and soluble, readily leached
ashes that can make acid soils alkaline. Damage
to soil varies, but it may take several seasons for
soil conditions to return to normal.

Without a protective canopy and litter, force
of falling raindrops may quickly seal the soil
surface. Infiltration is greatly reduced,
making runoff and erosion more rapid.
Debris-laden floods often occur
within fire-denuded watersheds
during only slightly abnormal
rainfall. Most of the water
falling on a burned landscape is
lost through rapid runoff.

Streams in burned water-
sheds at first carry  heavy loads
of salts dissolved from ashes,
floating debris, and erosion
sediments. Water quality may
soon return to normal, except
for sediment-laden high flows.
Water levels fluctuate and

become less dependable. These conditions may
continue for several years until the plant cover
becomes re-established on the watershed.

Fire can be beneficial to a watershed when it
is carefully managed. It can reduce available fuel
and prevent more destructive fires. Fire thins
understory seedlings that compete with larger
trees for available moisture. Open forest types—
such as ponderosa pine—are maintained by fire.

Mining
Mining requires opening the earth to remove
mineral resources. It is done by stripping off the
surface soil and rock layers or by drilling tunnels
into the earth to reach minerals.

With either method, quantities of waste
material are left on the surrounding land. This
waste material is subject to erosion, adding to the
sediment load of streams draining the mined
area. Surface changes include altered topography
and drainage. Drainage from mined areas may
contain toxic mineral salts harmful to the aquatic
habitat. To prevent degradation of the watershed,
waste material disposal must be controlled.

Development
Urban development involves:

• clearing, leveling, and filling land sur-
faces,

• constructing buildings with impermeable
roofs,

Fire can be beneficial to a

watershed when it is

carefully managed.
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• paving roads and sidewalks with non-
porous materials, and

• installing sewage disposal systems.

Such development greatly changes infiltration
and runoff, reduces recharge to underground
water, and increases runoff to produce rapidly
fluctuating streamflows.

Communication and transportation develop-
ments include roads, railroads, airports, power
lines, and pipelines. All of these may involve
disturbance of plant cover, soil, and topography.
Road and highway networks, with their imperme-
able paving and rapid drainage systems may
radically change the runoff characteristics of
their immediate area. They also require changing
the natural topography and drainage, and moving
huge amounts of soil and rock. Often these net-
works are responsible for extensive sediment
production and may become the source of other
water pollutants.

Railroads and airports have similar effects.
Power lines and pipelines require open paths
through the watershed and access roads for
construction and maintenance.

Water pollution
Before the Clean Water Act of 1972 most of the
nation’s water pollution problems came from
factories and sewage treatment plants that did not
properly treat wastewater before it was dis-
charged. Since then clean water laws have re-
duced the amount and types of pollution from
these sources. However, water pollution—often

caused by runoff carrying pollutants into surface
waters—is still a problem. The federal Clean
Water Act requires states to develop water qual-
ity standards and policies that are equal to or
more stringent than federal standards. States are
also required to identify those waters for which
existing required pollution controls are not strong
enough to achieve that state’s water quality
standards. These waters are considered water
quality limited. For these waters, states are

required to establish total maximum daily loads
(TMDLs). TMDL standards are usually designed
to protect the most sensitive beneficial use within
a waterbody.

One approach to dealing with pollutants from
uplands is using best management practices
(BMPs). BMPs describe practices that work for
retaining soil and water on a particular piece of
land under varying conditions. A number of
BMPs have been identified for agriculture and
forestry. Using these BMPs is a
great step toward reducing
overland flow and the
sediments it carries.
However, one of

Point source pollutants

are relatively easy to

detect and treat.



Oregon Department of Fish & Wildlife Uplands  •  113

the implications of the definition for “water
quality limited” is that current BMPs are unable
to provide the level of pollutant control needed to
meet water quality goals. Meeting water quality
goals on water quality limited streams requires
efforts to control all sources of pollution in a
basin.

Any specific body of water is classified by
its desired uses. Water that is clean enough for
irrigating crops may not be clean enough for
fishing or swimming. Water that is clean enough
for fishing or swimming may not be clean
enough for household use.

High-quality water is described as cool,
clear, clean, colorless, odorless, tasteless, oxy-
genated, free of floating and suspended materi-
als, and carrying only limited amounts of
dissolved materials. As quality is degraded, water
is useful for fewer purposes.

Water quality problems are created when
substances are added to water. Sometimes de-
graded water quality begins while rain is still in
the clouds. This is the case with acid rain. Acid
rain is formed when industrial and urban air
pollutants mix with water vapor in the clouds.

This is especially true for photochemical smog
caused by internal combustion gasoline engine
emissions and industrial smokes. Rain from these
clouds is acidic and damages plants, aquatic life,
and manmade structures. Acid rain is a problem
primarily in the eastern United States and
Canada. The problem continues to grow, how-
ever, and the Pacific Northwest is not immune to
the effects of acid rain.

Other pollutants might be added to water on
the earth’s surface. Point source pollutants
enter waterways from a specific place or point.

Common point source pollutants are discharges
from factories, municipal sewage treatment
plants, confined animal feeding operations (feed-
lots), and hot water discharges from power
plants. This pollution is relatively easy to detect
and treat.

Non-point source pollution, on the other
hand, is really a new name for an old problem—
runoff and sedimentation. Non-point source
pollution runs off or seeps from large areas as a
direct result of land use. It comes from a variety
of sources such as agriculture, urban construc-
tion, residential developments, timber harvest,
roadsides, and parking lots. Sediment, fertilizers,
toxic materials, and animal wastes are major non-
point source pollutants. The widespread source
of these pollutants makes them more difficult to
quantify and control than point source pollutants.

Non-point source pollution causes more than
half the water pollution problems in Oregon. The
effect of non-point source pollutants on water
quality is variable. Some are potential health
hazards for humans or harmful to fish and other
aquatic organisms. Streams do have an absorp-
tion and disposal capacity for limited amounts of
pollutants, but these limits are too often ex-
ceeded.

Non-point source pollution can also contami-
nate groundwater resources. When contaminated
rain or runoff percolates through the soil it can
carry pollutants into ground water. In this way
non-point source pollution can affect both sur-
face and sub-surface waters.

Dams and reservoirs
Flood control dams, lined stream channels, dikes
and levees to restrict the spread of floodwaters,
and channel bed stabilization techniques are all
installations that modify channel capacity as well
as the rate and volume of streamflow. All are the
consequence of human efforts to modify water
yields to better meet seasonal needs.

Dams are built and operated to do many
things. They:

• control floods,

• store water for irrigation or other con-
sumptive use,

Non-point source pollution is
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• regulate flow for navigation, and

• provide power generation.

Effects of these structures on streamflow
and aquatic habitat are similar no matter
what they were built to do. Impound-
ments, if shallow, allow water to warm
and, if deep, preserve cooler water. As
streamflow peaks are reduced and low flows
increased, streamflow generally becomes more
regular from season to season and year to year
regardless of climatic variations.

In many cases, reservoirs have added water-
based recreation and new fisheries, although
their construction may have destroyed stream
habitat used by wild fish. A watershed under
good management—where water storage occurs
in the soils and riparian areas—lessens the need
for reservoirs, particularly small headwater
impoundments.

Water is often seasonally diverted from
impoundments and streams for irrigation in
agricultural areas. This reduces streamflows

during the warm growing season. Some water is
returned to the stream by drainage from the
irrigated fields. These return flows are warmed
and may contain soil salts, fertilizers, and pesti-
cides leached from the fields.

Water rights
The demand for water often exceeds the avail-
able supply. A legal system of water rights
provides a system for allocating water. A water
right does not confer ownership of water. Instead
it allocates who has the right to use it. Water
rights can be held by a person, group, business,

or community. Instream rights provide for mini-
mum flows to protect fish and wildlife.

The system of water rights differs across the
country. In the eastern United States a water
rights system called the Riparian Rights Doc-
trine is generally used. It gives people who own
land adjacent to the stream the right to use water
from it. In the more arid western United States a
different legal system—Prior Appropriation
Doctrine—developed. It gives the first person to
put water to “beneficial use” the right to it,
whether or not they own land adjacent to the
stream. This “first in time, first in right,” or
“first-come, first-served” system of rights may
also include rights to use groundwater.

Summary
The character and quality of a watershed is
largely a product of the character and quality of
its uplands. The keys to successfully managing a
watershed to maintain the quality of its soil and
water are “capture, store, and safe release”—
capturing a raindrop where it falls, storing it
safely in the ground, and releasing it to the
stream slowly over time.

Covering the soil with a healthy layer of
plants is vital in successful watershed manage-
ment. Plants protect the soil from the force of
falling rain and surface runoff. Plants also pro-
mote infiltration of rain into the soil. Water
detained in the soil is available for plants and
streams over a longer period.

A water right does not confer

ownership of water but

instead allocates who has the

right to use it.
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Successful management of the soil and water
resources of a watershed require careful manage-
ment of human activities in the watershed. Hu-
man actions can potentially increase erosion,
reduce infiltration, shorten the period that rainfall
takes to drain from the basin, and can introduce
pollutants into water resources. Careful manage-
ment can reduce the effects of human actions.

Extensions
1. “Weather and Climate Investigation,” Water-

shed Uplands Scene, pp. 89-108. Grades 9-
12.

2. “Soils Investigation,” Watershed Uplands
Scene, pp. 109-124. Grades 9-12.

3. “Vegetation Investigation,” Watershed Up-
lands Scene, pp. 125-144. Grades 9-12.

4. “Wildlife Investigation,” Watershed Uplands
Scene, pp. 145-162. Grades 9-12.

5. “Urban Investigation,” Watershed Uplands
Scene, pp. 167-182. Grades 9-12.

6. “Forestry Investigation,” Watershed Uplands
Scene, pp. 183-200. Grades 9-12.

7. “Recreation Investigation,” Watershed Up-
lands Scene, pp. 201-222. Grades 9-12.

8. “Agriculture Investigation,” Watershed
Uplands Scene, pp. 223-244. Grades 9-12.

9. “Land Use Decision Making Investigation,”
Watershed Uplands Scene, pp. 249-259.
Grades 9-12.

10. “A-Maze-ing Water,” Project WET, pp. 219-
222. Grades K-5.

11. “Capture, Store, and Release,” Project WET,
pp. 133-135. Grades 3-5.

12. “Just Passing Through,” Project WET, pp.
166-170. Grades 3-8.

13. “Sum of the Parts,” Project WET, pp. 267-
270. Grades 3-8.

14. “Pass the Jug,” “Project WET, pp. 392-396.
Grades K-12.

15. “Perspectives,” Project WET, pp. 397-399.
Grades 6-12.

16. “Water Court,” Project WET, pp. 413-420.
Grades 6-12.

17. “Where Are the Frogs?” Project WET, pp.
279-286. Grades 6-8.

18. “Get the Ground Water Picture,” Project
WET, pp. 136-143. Grades 6-12.

19. “Irrigation Interpretation,” Project WET, pp.
254-259. Grades K-8.

20. “A Grave Mistake,” Project WET, pp. 311-
315. Grades 6-12.

21. “The Pucker Effect,” Project WET, pp. 338-
343. Grades 6-12.

22. “Puddle Wonders,” Aquatic Project WILD,
pp. 114. Grades 2-12.

23. The patterns and effects of point and non-
point source pollution can be easily demon-
strated. To demonstrate point source
pollution, place a wet paper towel on a
slanted board. Put a small pile of brightly
colored powdered drink mix near the lower
edge of the towel. Slowly add water along
the top of the towel. Observe the water that
drains from the bottom of the towel.

To demonstrate non-point source pollu-
tion place another wet paper towel on a
slanted board. Lightly sprinkle brightly
colored powdered drink mix across the entire
surface of the towel. Once again, slowly add
water along the top of the towel. Observe the
water that drains from the bottom of the
towel.

A third demonstration can show the
combined effects of point and non-point
source pollution when they occur in the same
watershed. Use two different colors of drink
mix for this demonstration. The water drain-
ing from the bottom of the paper towel wa-
tershed will show both original colors and a
third combined pollution stream.
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Objectives
The student will (1) measure the rate and volume
of drainage from inorganic and organic soils and
(2) describe the affect of organic material on the
capture, storage, and safe release of rainwater.

Method
Students will demonstrate and collect data on
capture, store, and safe release. They will investi-
gate the role organic matter plays in capturing
and storing rainfall to slow its release into
streams.

For younger students
1. Consult extension activities at the end of

each chapter to address the needs of younger
students.

2. Read activity background information aloud
to younger students or modify for your
students’ reading level.

3. The modeling portion of this activity may
also be done as a demonstration. Depending
on the age and abilities of students they may
then do the graphing portion on
their own, or it may be done as a
group.

4. Depending on level of students,
some initial set up is required.
Adults can punch holes in cans,
assist with accurate measurements
of water, sand, and peat moss.
Students may need some back-
ground for measuring fractional
parts when comparing water run-

off. Rephrase some questions (possibly
number 4) or answer as part of a group
discussion.

Materials
• large vegetable juice or fruit cans (two per

team)
• 1 nail
• 1 hammer
• screen (“noseeum” tent netting works well)
• sand
• peat moss
• pan (one per team)
• stopwatch (one per team)
• water
• copies of student sheets (pp. 121-122)

Notes to the teacher
Select two cans of the same size and diameter for
each team. With the nail and hammer punch the
same number of holes in the bottom of each can.
This activity will work best if the holes are
punched from the inside of the can. However be
aware that the metal edges of the holes on the
outside of the can will be sharp.

Once students have completed this activity
they may want to repeat the experiment with
soils from local uplands and other areas. Com-

pare and discuss the results from
these various tests.

Hold that raindrop

Activity Education Standards: Note alignment
with Oregon Academic Content Standards
beginning on p. 483.

Vocabulary
baseflow
groundwater storage

infiltrate
organic material
porous

stormflow
subsurface flow
surface runoff
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Background
Do you know . . .
A healthy watershed captures a raindrop where it
falls, stores it in the ground, and releases it safely
to the stream over time. To capture a raindrop,
the surface it falls on must allow it to soak, or
infiltrate, into the soil. Think of the difference
between a raindrop falling on a pane of glass and
a raindrop falling on a sponge. The porous
structure of the sponge lets the water pass into it.
Ideally the surface of the soil should be like that
sponge—rough with plenty of open spaces for
water to move into. When infiltration rates can-
not keep up with rainfall rates, water begins to
flow over the top of the soil. This is called sur-
face runoff. Surface runoff is rainfall that does
not infiltrate into the soil, but flows over the
surface until it reaches the stream.

Organic material in soils can act like a
sponge to hold onto water, increasing the ability
of soil to store it. When the soil has taken in as
much water as it can store, the rest of the infil-
trated water begins to percolate (drain) through
the soil to be stored in the ground (groundwater
storage) or on its way to the stream. It can take a
long time for water to move from the top of a
watershed to the stream at its base. This

increases the period of time any one storm con-
tributes water to the stream. The water that
percolates through the soil to the stream is called
subsurface flow. Subsurface flow is much
slower than overland flow.

Procedure
Now it’s your turn . . .
How do the soils and plants of a healthy water-
shed capture and store rainwater, and then re-
lease it to a stream over time? In this
investigation you will model a rainstorm and
then calculate the difference in time between
stormflow and baseflow, and the amount of
water retained by soils.
1. Select two cans of the same size and diam-

eter for each team. With the hammer and nail
punch the same number of holes in the bot-
tom of each can. Try to place the holes in
approximately the same position in each can.

2. Line the bottom of each can with screen.

3. Place 4 cups of sand in the bottom of one
can.
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4. Mix 2 cups of sand and 2 cups of peat moss
together and place in the bottom of the sec-
ond can.

5. Place the first can—the one with only sand—
over a pan to catch the drainage. Pour one
measured quart of water into the first can all
at once, and begin timing. Record how long
it takes for the water to quit dripping from
the bottom of the can.

6. Measure the amount of water that drained
from the can. Record the information on the
data sheet

7. Place the second can—the one with the
mixture of sand and peat moss—over a pan
to catch the drainage. Pour one measured
quart of water into the second can all at once,
and begin timing. Record how long it takes

Questions
1. Which took longer to drain, sand alone or the mixture of sand and peat moss?

The sand and peat moss mixture should take longer to drain.

2. Was there a difference between the amount of water you added to the can and the amount that drained
from the can? If so, what happened to the “missing” water?
There should be a difference. The water was stored in the soil.

3. Which held onto more water, sand alone or the mixture of sand and peat moss?
The sand and peat moss mixture should retain more water.

4. Which took longer to drain, sand alone or the mixture of sand and peat moss?
The mixture of sand and peat moss should take longer to drain.

5. What role do plants and organic material—such as peat moss—play in capturing, storing, and releas-
ing rainwater to streams over time?
Organic material acts as a sponge to capture rainwater and store it in the soil. Soils with
organic material both hold onto more water, and release it more slowly.

Going further
1. Redo the experiment with soils from at least six sites in the uplands and other areas in your water-

shed. Compare the water holding capacity of these samples with the examples you tested in the previ-
ous experiment. Predict the results before beginning the second set of tests. What might account for
the differences, if any?

for the water to quit dripping from the bot-
tom of the can.

8. Measure the amount of water that drained
from the can. Record the information on the
data sheet.

9. Answer the questions provided.

Observations
Amount

Drainage time of water

Sand only

Peat moss
and sand
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Vocabulary
baseflow
groundwater storage

infiltrate
organic material
porous

stormflow
subsurface flow
surface runoff

Hold that raindrop
Name

Do you know . . .
A healthy watershed captures a raindrop where it
falls, stores it in the ground, and releases it safely
to the stream over time. To capture a raindrop,
the surface it falls on must allow it to soak, or
infiltrate, into the soil. Think of the difference
between a raindrop falling on a pane of glass and
a raindrop falling on a sponge. The porous
structure of the sponge lets the water pass into it.
Ideally the surface of the soil should be like that
sponge—rough with plenty of open spaces for
water to move into. When infiltration rates can-
not keep up with rainfall rates, water begins to
flow over the top of the soil. This is called sur-
face runoff. Surface runoff is rainfall that does
not infiltrate into the soil, but flows over the
surface until it reaches the stream.

Organic material in soils can act like a
sponge to hold onto water, increasing the ability
of soil to store it. When the soil has taken in as
much water as it can store, the rest of the infil-
trated water begins to percolate (drain) through
the soil to be stored in the ground (groundwater
storage) or on its way to the stream. It can take a
long time for water to move from the top of a
watershed to the stream at its base. This in-
creases the period of time any one storm contrib-
utes water to the stream. The water

that percolates through the soil to the stream is
called subsurface flow. Subsurface flow is much
slower than overland flow.

Now it’s your turn . . .
How do the soils and plants of a healthy water-
shed capture and store rainwater, and then
release it to a stream over time? In this investiga-
tion you will model a rainstorm and then calcu-
late the difference in time between stormflow
and baseflow, and the amount of water retained
by soils.
1. Select two cans of the same size and diam-

eter for each team. With the hammer and nail
punch the same number of holes in the bot-
tom of each can. Try to place the holes in
approximately the same position in each can.

2. Line the bottom of each can with screen.

3. Place 4 cups of sand in the bottom of one
can.

4. Mix 2 cups of sand and 2 cups of peat moss
together and place in the bottom of the sec-
ond can.

5.   Place the first can—the one
with only sand—over a pan to
catch the drainage. Pour one

Student sheet
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Student sheet

measured quart of water into the first can all
at once, and begin timing. Record how long
it takes for the water to quit dripping from
the bottom of the can.

6. Measure the amount of water that drained
from the can. Record the information on the
data sheet

7. Place the second can—the one with the
mixture of sand and peat moss—over a pan
to catch the drainage. Pour one measured
quart of water into the second can all at once,
and begin timing. Record how long it takes
for the water to quit dripping from the bot-
tom of the can.

8. Measure the amount of water that drained
from the can. Record the information on the
data sheet.

9. Answer the questions provided.

Observations
Amount

Drainage time of water

Sand only

Peat moss
and sand

Questions
1. Which took longer to drain, sand alone or the mixture of sand and peat moss?

2. Was there a difference between the amount of water you added to the can and the amount that drained
from the can? If so, what happened to the “missing” water?

3. Which held onto more water, sand alone or the mixture of sand and peat moss?

4. Which took longer to drain, sand alone or the mixture of sand and peat moss?

5. What role do plants and organic material—such as peat moss—play in capturing, storing, and releas-
ing rainwater to streams over time?
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as an overhead transparency to demonstrate this
concept.

Help students understand their “sense of
place.” Each of us has a place we want to be-
come part of, care about, and want to protect or
enhance. Understanding this concept and the
responsibilities that go along with it are part of
watershed education. When people have a greater
understanding of their watershed, they gain
awareness of how their personal actions, local
laws and regulations, and everyday practices
affect the integrity and stability of their ecologi-
cal address and the larger biological community.

Depending on age level, students will need
varying degrees of background information
before proceeding with the “brainstorming and
definition of a water-
shed” part of the activ-
ity. The activity’s
background section is
appropriate as is a
student reading devel-
oped from the chapter
content.

A simple demon-
stration may also help
students understand the
concept of watershed.
Trace the outline of
your hand, wrist, and
part of your arm on the
chalkboard. Color in
the space between your
fingers and label your
arm “Muddy River.”
Tell the students this
outline is a model for a
watershed area. Your
fingers represent
streams that feed into
the larger river (your
arm). The colored space
between your fingers is
land, where people live.
Let students know that
a watershed’s name is
usually taken from the

stream or river that serves as the main collector
of all the water in the watershed. Ask students
what the watershed you just drew would be
called (Muddy River Watershed). Write the name
on the board. Create names for the finger tribu-
taries and write those on the board, too. Ask
students how large they think watersheds can be,
then how small they can be. They should recall
this from their background reading. Impress upon
the students that large watersheds include many
small watersheds.

Use maps that parallel the local watershed
situation as closely as possible. Substituting local
maps for the mid-coast and Umatilla drainage
basin maps where appropriate will help students
associate more closely with their own watershed

and develop their own
“sense of place.”
Modify the procedures
to work with the local
map. In urban areas a
city map may be
needed to determine
the exact watershed in
which a student’s
home or school might
be found. Depending
on the proximity of
waterways, the water-
shed named should
reflect that students’
ecological addresses
can have several com-
ponents, from the
smallest watershed
they can observe to a
larger watershed of
which the smaller one
is a part.

It is not neces-
sary for the “map”
created in Step 7 to be
to scale, but it should
represent the
watershed(s) in which
the students live. Use
the Five Rivers water-

Columbia River Basin

Based on: Ed Chaney, A Question of Balance: Water/
Energy—Salmon and Steelhead Production in the
Upper Columbia River Basin, Summary Report, Nov.
1978. NW Resource Information Center, Inc.
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shed map as an example. As an alternative or
additional activity, have the entire class make a
larger map of the watershed on large sheets of
paper.

Background
Do you know ...
Water runs downhill. We all know that. The
instant that a drop of rain hits the earth, it begins
its journey to the ocean. If it falls as snow, it has
to wait until it melts! Of course, not all water
drops make it to the ocean. Some are taken up by
plant roots and are transpired into the air through
the plant’s leaves. Some evaporate in puddles or
other areas that hold water. Some filter down into
underground areas, moving slowly downhill. But
most water drops end up as runoff, the water that
finds its way into creeks, streams, and rivers.

This long or short journey to the ocean takes
place within a watershed. If you stand in a stre-
ambed and look upstream at all the land the
stream drains, you are looking at the stream’s
watershed. Almost all the area of a watershed is
land—not water! And, almost everything that
drains it happens on that land. In other words, all
land on earth is in a watershed.

Every body of water, stream, lake, pond, or
river, has a watershed. Even a mud puddle has a
watershed! Watersheds can be big or small. A
mud puddle has a watershed of only a few square
feet, while the Columbia River watershed has
258,000 square miles! The biggest watershed in
the country is the Mississippi River, which drains
all the land between the Rocky Mountains and
the Appalachian Mountains.

A raindrop, no matter where it falls in the
Columbia River watershed (unless it evaporates),
will end up at the mouth of the Columbia River
at Astoria. Most large watersheds are made up of
many smaller watersheds called sub-basins. For
instance, the Columbia watershed includes the
Snake, John Day, Deschutes, Umatilla, and
Willamette watersheds plus many others.

Watersheds are separated by ridges, called
divides. The Continental Divide of the Unite

States, for example, is in the Rocky Mountains.
All the rain and snow falling on the west side of
the divide flows into the Pacific Ocean. All the
rain and snow falling on the east side of the
divide, sooner or later, ends up in the Atlantic
Ocean.

Procedure
Now it’s your turn . . .
1. What is your home mailing or street address?

What are the addresses of several other
students in your class? These postal ad-
dresses have been devised by society—in
other words, they are “social” addresses.
Social addresses are important because
people need to be located within their com-
munity by family, friends, and services such
as the mail, police, fire, or ambulance.

2. You have another kind of address, called an
“ecological address.” Ecological refers to the
relationship between an organism and its
environment. Just as a postal address tells
people one way they are connected to the
community, the ecological address tells
people how they are connected to the land on
which they live. In this activity, your “eco-
logical address” is based on an ecological
feature you are just now learning about—a
watershed.

3. With your partner, brainstorm words or ideas
that make you think of a watershed. Write
down your thoughts. Using your ideas as a
starting point, create a watershed definition.
Write your definition in the space provided
for Question 1 on the student worksheet.
Now, using a piece of paper and markers,
draw and color a picture of the watershed
you just defined. When all the groups are
finished share your definition and drawing
with the rest of the class. Post your drawing
on the wall. As a class discuss all of the
group’s definitions and decide on the defini-
tion that best states the meaning of a water-
shed. You may have to combine several
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group’s definitions to come up with the best
answer.

4. Look at your copy of the Mid-Coast Drain-
age Basin map. Locate a stream called Five
Rivers (Five Rivers runs through the commu-
nities of Denzer, Fisher, and Paris). Mark the
point where Five Rivers runs into the Alsea
River. Where does the Alsea River go?
(Pacific Ocean.)

5. Locate the Crab Creek watershed by drawing
a line around it with a colored pencil or
marker. Then, locate the Lobster Creek
watershed in the same way with another
color. With a third color, draw a line around
the entire Five Rivers watershed. Check with
your teacher to see if you have correctly
identified the watersheds. Answer Questions
2, 3, and 4 on the student worksheet from the
mid-coast drainage basin map.

6. Now, look at your copy of the Umatilla
drainage basin map. The Umatilla River
watershed is in Northeastern Oregon. Locate
a stream called Willow Creek (Willow Creek
runs through the communities of Heppner,
Jordan, and Ione). Locate the Spring Hollow
watershed by drawing a line around it with a
colored pencil or marker. Then, locate the
Rhea Creek watershed in the same way with
another color. With a third color, draw a line
around as much of the Willow Creek water-
shed as possible. Answer Questions 5
through 10 on the student worksheet.

7. Using an Oregon state map or local map that
shows streams and rivers, name the water-
shed in which you live. This watershed is
your “ecological address.” It describes how
you are connected to the land and water
system that drains it. Share your ecological
address while other students follow along on
their own map.

8. On the second piece of paper make a “map”
of your ecological address. Refer to the Five
Rivers or Umatilla drainage basin maps as
examples. Label the communities and other
important features in your watershed. Share

your watershed map with the rest of the
class.

9. Brainstorm a list of what you think can
happen to water as it moves through a water-
shed. Use a check to mark the ones caused by
human activities. If some items on your list
include substances that can get into the water
in your watershed, use a marker to trace the
path these substances would follow on your
watershed map until it empties into larger
watershed areas. Repeat this process with
another color to mark the effects of non-
human influences on watersheds, such as
heavy rains, wind, and other natural events.
Compare the two lines. Which of the two,
human-caused or non-human would have the
greatest effect on your watershed? Record
your answer has Question 11 on the student
worksheet.

10. How many miles of stream and river are in
your watershed? Use the “scale of miles” on
the published map to determine how many
miles are represented by a certain length,
usually one or two inches. Use a string to
measure that length, then apply the string,
following the curves on your map, to mea-
sure the distance. Multiply the number of
“string lengths” times the map scale to obtain
the number of stream miles. Record the
number of miles for this step under Question
12 on the worksheet. How many miles of
stream were affected by the human-caused
events in Step 9? How many miles of stream
were affected by non-human events in Step
9? Record your answers on the student
worksheet and answer the remaining
question.
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Questions
1. Describe a watershed in your own words.

Answers will vary, but should approximate all the land area that drains into a particular
body of water.

2. If you lived two miles south of the town of Fisher, in which watershed (or sheds) would you live?
You would actually live in the Crab Creek watershed which is part of the larger Five Rivers
watershed. Remind students that a large watershed is made up of many smaller water-
sheds, and that both Crab Creek or Five Rivers would be correct answers to the question.

3. If you lived in Paris, in which watershed would you live?
Five Rivers

4. Using the mid-coast drainage basin map as a guide, explain in your own words why the following
statement is true. “Everyone lives in a watershed.”
All land has waterways running through it that drain into larger waterways. This is also true
in urban areas where rainwater feeds into storm drains. The drains then feed into nearby
streams or rivers.

5. The watersheds on these two maps are similar in size. Compare the two watersheds. What other
similarities and differences did you note when outlining the watershed boundaries?
Each watershed is composed of several smaller watersheds. The Willow Creek watershed
has more sub-basins than Five Rivers. The shape of the watersheds depends on the drain-
age patterns of the streams. It is much harder to outline the watersheds with intermittent
streams than it is to outline streams that have year-round water.

6. In which watershed (or sheds) is the community of Jordan found?
Jordan is located at the mouth of the Rhea Creek watershed which is part of the Willow
Creek watershed.

7. If a stream does not have a name on the map does that mean it is not a watershed? Explain your
answer.
No, stream names are only a convenient way to designate different sub-basins within a
watershed. Any land areas through which water drains to a larger body of water is a wa-
tershed.

8. An intermittent stream is a stream that does not flow year-round. These streams are shown on maps
as lines separated by dots. List as many reasons as you can why streams do not flow year-round.
Lack of rainfall, lack of snowmelt, removal of vegetation that holds back moisture (reducing
rapid runoff), the topography (flat or steep), the soil type, etc.

9. How would fish be affected by intermittent flow?
Fish would be forced downstream to where the stream was flowing or would be stranded in
small pools where they would eventually die as the stream dried up.

10. How would wildlife living near the stream be affected by intermittent flow?
Food, cover and drinking water would be absent from the area, forcing wildlife to go else-
where.
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11. Based on the colored lines on your own watershed map, which of the two, human-caused or non-
human influences, would have the greatest effect on your watershed? Why?
Human-caused effects would have the most influence because they are normally carried
further throughout the watershed than natural events. Natural events are usually more
localized.

12. How many miles of streams and rivers are found on your watershed map? How many miles of stream
were affected by the human-caused events in Step 9? How many miles of stream were affected by
non-human events in Step 9?
Answers will vary.

13. What have you learned about your watershed, an ecological address, and a sense of place in this
activity?
Answers will vary.

Going Further
1. Using a topographic map as a reference,

build a model of your local drainage basin.
(See “What a Relief” activity in this unit.)
Design a way to use this or other models of
your local watershed to show someone the
key features (rock types, soils, rainfall
amounts, slope, and other characteristics) of
your watershed.

2. Design an experiment to monitor the daily
weather patterns in your watershed for sev-
eral weeks or even months. Develop graphs,
displays, and a presentation to share the
results of your investigation.

3. Add five structures or features (dams, irriga-
tion canals, industry, vegetation, etc.—it is
even better if these are real) that would affect
the flow of water on your watershed map.
Develop hypotheses about how each of these
structures will affect your watershed. How
could you test your hypotheses?

4. Build a list of who and what uses your water-
shed—from people to fish to wildlife.
Research the effects each has on the water-
shed.
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Timing is everything

Objectives
Students will (1) graph the rainfall during a
storm, (2) graph streamflow during the same
period, and (3) analyze and describe the response
of a watershed to a rainstorm.

Method
Students will graph rainfall and streamflow data
for a storm on the Crooked River near Prineville.
This storm was part of the historic flooding in
Oregon in late December 1964. Students will
then draw conclusions about the response of a
watershed and its stream to rainstorms.

For younger students
1. Consult extension activities at the end of

each chapter to address the needs of younger
students.

2. Read activity background information aloud
to younger students or modify for your
students’ reading level.

3. Provide students with background vocabu-
lary before assigning questions. Younger
students may need graphing practice prior to
this activity. Rephrase some questions or
answer as part of a group discus-
sion.

4. This activity can also be done as
a group.

Materials
• copies of student sheets (pp. 127-130)

Notes to the teacher
The activity “Hold That Raindrop” (pp. 117-120)
is a good introduction to this activity.

Background
Do you know . . .
The capture, storage and safe release of rainfall
on a watershed affects the volume and timing of
streamflow. Rainfall captured by the watershed
first soaks into the soil’s surface. Some of the
rain is stored in the soil but once the soil can
hold no more, the captured water begins to per-
colate down through the soil toward the stream.
When infiltration rates cannot keep up with
rainfall rates, water begins to flow over the top of
the soil. This is called surface runoff, or over-
land flow. Surface runoff is rainfall that does not
infiltrate into the soil, but flows over the surface
until it reaches the stream.

It can take a long time for water to move
through the soil from the top of a watershed to
the stream at its base. This increases the period
of time any one storm contributes water to the
stream. The water that percolates through the soil
to the stream is called subsurface flow. Subsur-
face flow is much slower than overland flow.

The amount of water in a stream
is a combination of rainfall, runoff,
and subsurface flow. During a
storm, surface runoff increases the
amount of water carried by the
stream. After the surface runoff
stops, the entire flow of the stream
comes from ground water storage.
In most streams the majority of the

Activity Education Standards: Note alignment
with Oregon Academic Content Standards
beginning on p. 483.

Vocabulary
infiltration rates
percolate
streamflow hydrograph

subsurface flow
surface runoff



124  •  The Stream Scene: Watersheds, Wildlife and People Oregon Department of Fish & Wildlife

water comes from subsurface flow. Because
subsurface flow takes longer than overland flow,
storms often have a delayed effect on stream-
flow.

Procedure
Now it’s your turn . . .
The information in the table shows daily rainfall
amounts and streamflow for a rainstorm. This
particular storm was in late December 1964 and
was a part of historic flooding that happened in
Oregon at that time. The precipitation data was
measured at Prineville in central Oregon. The
streamflow was measured on the Crooked River
above Prineville, near Post, Oregon.

On the graph provided, create a line graph by
plotting the daily streamflow of the Crooked
River near Post, Oregon. This graph is called a
streamflow hydrograph. Repeat the process for
the rainfall data measured at Prineville.

Use a different color for each line. Be sure to
mark a legend with the color representing each
line. Plot rainfall against streamflow on the
following graph.

Q (cfs) ppt (in)

Dec. 19, 1964 70 0.10

Dec. 20, 1964 135 0.38

Dec. 21, 1964 313 0.96

Dec. 22, 1964 2,330 1.09

Dec. 23, 1964 17,300 0.86

Dec. 24, 1964 15,500 0.75

Dec. 25, 1964 10,700 0.17

Dec. 26, 1964 4,960 0.25

Dec. 27, 1964 3,420 0.06

Dec. 28, 1964 2,260 0.01

Dec. 29, 1964 1,550 T

Dec. 30, 1964 1,150 T

Dec. 31, 1964 997 T

Q=streamflow, ppt=precipitation (rainfall),
T=trace (an unmeasurable amount)
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Streamflow and Rainfall
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Questions
1. Which reached its peak first, rainfall or streamflow? How many days are between the rainfall peak

and the streamflow peak?
Rainfall. One day.

2. Why was there a difference between the rainfall peak and the streamflow peak?
Whether water moves as surface flow or subsurface flow it takes time for water to move
from the uplands to the stream.

3. What other factors might increase or decrease the difference in timing between the rainfall peak and
the streamflow peak?

The ability of the soil to absorb water, which is influenced by the type of soil and its condi-
tion (including how saturated with water the soil already is), the amount of vegetative cover
on the uplands, subsurface layers of rock or clay, and other factors.

4. Water can move to the stream as surface runoff or subsurface flow. Which do you think contributed
more to the peak streamflow? Why?
Surface runoff. It moves more rapidly than subsurface flow.

5. Use the concepts of “capture, store, and safe release” to explain where the water was located between
the time it fell to the ground as rain and when it reached to stream?
Rain on the uplands was “captured” when it infiltrated into the soil. It was then stored there
for several days while it percolated downhill to the stream. When it reached the stream it
was released.

6. Compare the stream flow for the first day graphed and the last day graphed. Describe the difference
between the streamflow on these two dates.
Even though the rainfall had stopped, the streamflow remained higher than at the begin-
ning.

7. Why did the streamflow remain higher, even though the rainfall had stopped? What type of flow is
still bringing water to the stream?
Subsurface flow takes time to reach the stream. Even after the storm it continues to bring
water to the stream. This is called baseflow.

8. The storm in this example caused flooding. Very large rainstorms may deliver rain much faster than
the watershed can safely process it. What can be done to help increase a watershed’s ability to pro-
cess rainstorms? List as many ways as you can.
Answers will vary, but may include both biophysical solutions such as increasing plant cover
and engineering solutions such as building flood control dams.

Going further
1. Design an activity to compare the areas on your school ground that do not allow water infiltration

(parking lots, buildings, etc.) with areas where water does infiltrate. Prepare a report about your
findings and share with the class. (See “Where Does Water Go After School,” Aquatic Project WILD,
pp. 82-85.)

2. See “Water Works,” Project Wet, pp. 274-278.
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Timing is everything

Do you know . . .
The capture, storage and safe release of rainfall
on a watershed affects the volume and timing of
streamflow. Rainfall captured by the watershed
first soaks into the soil’s surface. Some of the
rain is stored in the soil but once the soil can
hold no more, the captured water begins to per-
colate down through the soil toward the stream.
When infiltration rates cannot keep up with
rainfall rates, water begins to flow over the top of
the soil. This is called surface runoff, or over-
land flow. Surface runoff is rainfall that does not
infiltrate into the soil, but flows over the surface
until it reaches the stream.

It can take a long time for water to move
through the soil from the top of a watershed to
the stream at its base. This increases the period
of time any one storm contributes water to the
stream. The water that percolates through the soil
to the stream is called subsurface flow. Subsur-
face flow is much slower than overland flow.

The amount of water in a stream is a combi-
nation of rainfall, runoff, and subsurface flow.
During a storm, surface runoff increases the
amount of water carried by the stream. After the
surface runoff stops, the entire flow of the stream
comes from ground water storage. In most
streams the majority of the water comes from
subsurface flow. Because subsurface flow takes
longer than overland flow, storms often have a
delayed effect on streamflow.

Now it’s your turn . . .
The information in the following table shows
daily rainfall amounts and streamflow for a
rainstorm. This particular storm was in late
December 1964 and was a part of historic flood-
ing that happened in Oregon at that time. The
precipitation data was measured at Prineville in
central Oregon. The streamflow was measured
on the Crooked River above Prineville, near Post,
Oregon.

On the graph provided, create a line graph by
plotting the daily streamflow of the Crooked
River near Post, Oregon. This graph is called a
streamflow hydrograph. Repeat the process for
the rainfall data measured at Prineville.

Use a different color for each line. Be sure to
mark a legend with the color representing each
line. Plot rainfall against streamflow on the
following graph.

Name

Student sheet

Vocabulary
infiltration rates
percolate
streamflow hydrograph

subsurface flow
surface runoff

Q (cfs) ppt (in)

Dec. 19, 1964 70 0.10

Dec. 20, 1964 135 0.38

Dec. 21, 1964 313 0.96

Dec. 22, 1964 2,330 1.09

Dec. 23, 1964 17,300 0.86

Dec. 24, 1964 15,500 0.75

Dec. 25, 1964 10,700 0.17

Dec. 26, 1964 4,960 0.25

Dec. 27, 1964 3,420 0.06

Dec. 28, 1964 2,260 0.01

Dec. 29, 1964 1,550 T

Dec. 30, 1964 1,150 T

Dec. 31, 1964 997 T

Q=streamflow, ppt=precipitation (rainfall),
T=trace (an unmeasurable amount)
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Student sheet
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Questions
1. Which reached its peak peak first, rainfall or streamflow? How many days are between the rainfall

peak and the streamflow peak?

2. Why was there a difference between the rainfall peak and the streamflow peak?

3. What other factors might increase or decrease the difference in timing between the rainfall peak and
the streamflow peak?

4. Water can move to the stream as surface runoff or subsurface flow. Which do you think contributed
more to the peak streamflow? Why?

5. Use the concepts of “capture, store, and safe release” to explain where the water was located between
the time it fell to the ground as rain and when it reached to stream?

6. Compare the stream flow for the first day graphed and the last day graphed. Describe the difference
between the streamflow on these two dates.

7. Why did the streamflow remain higher, even though the rainfall had stopped? What type of flow is
still bringing water to the stream?

8. The storm in this example caused flooding. Very large rainstorms may deliver rain much faster than
the watershed can safely process it. What can be done to help increase a watershed’s ability to pro-
cess rainstorms? List as many ways as you can.

Student sheet
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Student sheet
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Winter watersheds

Activity Education Standards: Note alignment
with Oregon Academic Content Standards
beginning on p. 483.

Vocabulary

Objectives
The student will (1) collect snow samples, (2)
determine the snow water content of the snow
samples, (3) test the pH values of the snow
samples, (4) calculate the snow water content of
a model watershed, and (5) answer questions
about snow water content.

Method
Students collect snow samples, calculate the
snow water content of each sample, test the pH
of each sample and apply that information to a
model watershed.

For younger students
1. Consult extension activities at the end of each

chapter to address the needs of younger stu-
dents.

2. Read activity background information aloud to
younger students or modify for your students’
reading level.

3. Younger students can practice their addition
and subtraction by figuring daily, weekly, or
monthly precipitation totals obtained from
local SNOTEL sites. Check the Internet for

this data at http://crystal.or.nrcs.usda.gov/
snowsurveys/.

4. Construct a large vertical scale on a bulletin
board or against a wall for both precipitation
and snow water equivalent (both in inches).
Place the “0” mark at floor level so it is clear
that it means zero accumulation. Make sure
the two scales are side by side for easy com-
parisons. Using the Internet as a source of data
from a SNOTEL site near your area, ask
students to mark the total accumulations for
each (precipitation and snow water equivalent)
on a daily or weekly basis during the standard
seasonal snowfall period—October 1 through
April 1. Use a colorful, moveable pointer to
mark the locations on the scale and post the
date for the reading in a prominent location.
Students may want to compare two SNOTEL
sites in this manner or compare their school
site with a SNOTEL site. As the snowmelt
season begins and progresses, students can see
the snow water decrease while the accumu-
lated precipitation may remain the same or
increase. Large decreases in snow water are
usually related to warm weather and/or rain-
fall.

5. Use the discussion about SNOTEL sites and
how professionals get information from snow
courses as a lead-in to the topic of winter
safety. What to do if you are lost, frost bite,
and hypothermia are all appropriate topics.
Ask the school nurse to assist with this safety
presentation.

acid rain

acid shock
fry
organic matter

pH

snow courses

snow water content
sublimation
telemetry

Parts of this activity are adapted from Snow Chemistry
and Air Pollution, Burris, Frank, Rena McFarlane and
Peter Stortz, Alaska Cooperative Extension, Fairbanks,
Alaska, 1996, and used with permission. Additional
information obtained and adapted from Snow Surveys
and Water Supply Forecasting, U.S. Department of
Agriculture, Soil Conservation Service, Agriculture
Information Bulletin 536, June 1988.
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6. To help younger students understand the
concept of acid rain, use the first exercise in
the “Deadly Skies” activity from Aquatic
Project WILD, pp. 142-145.

7. Once students understand the concept of
acidity and alkalinity, use pH test paper to
sample a number of familiar liquid prod-
ucts (coke, orange juice, milk, etc.).
Move the discussion to include
water bodies and how pollutants
falling into a water body can
influence its acidity. Conclude
the discussion with a collection of
snow samples that they can sample
for the presence of pollutants, using
pH values as indicators of impurities.

Materials
• snow tube (a polypropylene 1,000 milliliter

graduated cylinder, with a one-quarter-inch
hole drilled into the tube near its connection
with the base); one per team

• 1,000 milliliter graduated cylinder without a
hole drilled near its base; one per team

• 3 one-gallon ziptop plastic bags for each
sample team; if a team is collecting at more
than one sample site, a different set of three
bags is needed for each location

• permanent marking pen
• flat, stiff piece of plastic, or a tile, to slide

across the opening of the snow tube to keep
snow from falling out when it is moved

• data sheets
• clipboard or hard writing surface
• pencil
• pack (or cooler) for carrying supplies to the

sample sites; it must be large enough to
accommodate the snow samples on the return
trip to the classroom

• small shovel
• thermometer
• large measuring stick (yardstick or meter

stick)
• wide range pH test paper, pH test kit, or water

quality test kit

Notes to the teacher
The snow sampling procedures outlined in this
activity are highly simplified but sufficient to
develop the concepts. For example, the part of
the activity on snow water content portrays a
simple ratio. A certain level of snow yields a
certain amount of water. For example, a volume
of 500 milliliters of unmelted snow yields 50

milliliters of water. This ratio—10 ml of
snow to 1 ml of water—produces a conver-
sion factor (0.1) that can be applied to a
larger amount of snow and generalized to
an entire watershed. Other factors, like
density differences and other variables,

obviously come into play, but the basic
translation will help students understand the
concept that snowmelt contributes to streamflow.

Drilling the hole in the plastic graduated
cylinder allows air to escape when the snow tube
is pushed into the snow. If you live in an area
where snow fall is only an occasional event and
snow depths are rarely more than a few inches, a
much smaller polypropylene graduated cylinder
works just as well.

Students can also use data posted on
SNOTEL sites on the Internet to compare snow-
packs and potential water supplies for various
basins throughout Oregon and the western states.
The Natural Resources Conservation Service
(NRCS) also has an Adopt-A-SNOTEL-Site
program that may be suitable for your students.
For more information contact your local or
statewide office of the NRCS.

Pollutants can contribute to acidity in water,
and they are easily detected in snow samples
with simple pH testing equipment (litmus paper,
wide range paper test strips, or a water quality
test kit) or pH meters, which work well but are
very expensive. Students will explore pH in
depth in Chapter 8, “Water Quality.”

You can approach the topic of acid snow
simply as information related to watersheds,
current events related to weather, or environmen-
tal news that could affect your local area (non-
point pollution fallout from contaminated air).
This method does not involve field work or
equipment.
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Background: Part 1
Do you know . . .
Millions of Americans enjoy snow-covered
landscapes for their beauty or as a winter play-
ground. But snow also plays a vital role. It is a
primary source of the water supply in the western
United States.

The West’s high mountain ranges hold a vast
snowpack that provides 50% to 80% of the water
supply for the year. But, melting snow does not
provide an uninterrupted, dependable source of
water for all the downstream needs. Reservoirs
and other water storage facilities help store water
for the growing needs of agriculture, industry,
and communities. Successful water management
begins with knowledge of the primary source of
water in the West—snow.

Specially trained people from federal, state,
and private cooperative snow survey programs
work with the Natural Resources Conservation
Service (NRCS). They create accurate and timely
information on the amount of mountain snow-
pack and its water content. SNOTEL is a com-
puterized telemetry network and forecasting

system for collecting data on snowpack. It can
provide daily, or more frequent, information
about streamflow potentials. The information is
especially valuable during periods of flood or
drought.

The relationship between snowpack and the
amount of snowmelt runoff is complex. It de-
pends on many factors, primarily:

• moisture content of soil,
• ground water contributions,
• precipitation patterns,
• changes in air temperature,
• use of water by plants, and
• the frequency of storms.

These factors change from year to year and vary
from one location to another.

How wet the soil is in early winter—before
the snowpack develops—affects the runoff in the
following spring. Dry soils soak up more water
than wet soils. The soil—for example, sand or
clay—as well as the precipitation determines
how much moisture can be absorbed. Wind, air
temperature, storm frequency, and the amount of
moisture in the atmosphere determine the accu-



134  •  The Stream Scene: Watersheds, Wildlife and People Oregon Department of Fish & Wildlife

mulation of the snowpack. As the snow depth
increases, its density increases as the lower
layers are compressed. Density affects how fast
the snowpack melts and how much water it
yields.

Air temperature and atmospheric moisture
determine how “wet” or “dry” the snow is. Typi-
cally, the west slope of the Cascade Range, in
response to the Pacific Ocean’s strong influence,
receives heavy, wet snow. One foot of that newly
fallen snow can produce up to 1.5 inches of
water. But one foot of snow in the mountains of
central Utah is much drier. It is light and pow-
dery—excellent for skiing—but may only con-
tain an inch of water.

Mountain snowpacks do not melt steadily.
Melting varies with weather, ground temperature,
and exposure to the sun. Snow begins to melt
when its temperature from top to bottom is equal
at 32°F. Before reaching the isothermal state, the
snowpack is different temperatures at different
depths. Ground temperature, air temperature, and
the sun affect how quickly it becomes isothermal.
South-facing slopes and open areas receive the
most solar radiation and have the fastest melt
rates.

Procedure
Now it’s your turn . . .
Most of the usable water in
western North America begins
as mountain snowfall. Many years
ago local communities recognized that
monitoring snowfall was important for predicting
water supply. So a system of snow surveys was
organized. A snow survey is an inventory of the
total snow covering of a specific watershed and
the resulting effects on local water supplies. This
information is used to predict floods, regulate
reservoir storage, determine hydropower poten-
tial at dams, forecast community water supplies,
assess agricultural productivity, and other appli-
cations. The Natural Resources Conservation
Service (NRCS) coordinates these cooperative
surveys.

Information about snow surveys throughout
the West is available on the Internet at http://
crystal.or.nrcs.usda.gov/snowsurveys/. Informa-
tion from remote automated snow telemetry
(SNOTEL) sites is updated regularly at this
website. Another good website for snow survey
information and maps is http://www.wrcc.dri.edu
/snotel.html.

Conventional snow surveys are made at
designated sites known as snow courses. In
Oregon there are 110 SNOTEL sites plus many
more snow courses where snowpack information
is collected.

In this activity you will collect snow
samples, calculate the snow water content of
each sample and apply that information to a
model watershed. If you have time, save your
snow samples and continue with Part 2 of this
activity. In Part 2 you will research possible
sources of air pollutants in your community or
part of the state. And you will test your snow
samples to see if the snowpack in your area is
affected by airborne pollutants.

Collecting a snow sample
Choose an undisturbed area free of animal (or
human) tracks, twigs, fallen branches, leaves,
cones, animal droppings, fur, feathers, or extra
snow from overhead branches. Try to avoid areas
of drifted snow or where the wind continually
moves the snow.
1. Select a coding system for the snow samples

before marking the ziptop bags. A good
system includes the sample date, the sample
number, the site number, and a description of
the site (see example). Mark the code on the
outside of each bag before going into the
field.

2. Make sure all equipment is gathered and
ready before leaving for the field. Design a
checklist to make this an easy process each
time you collect snow samples. As you work,
be sure not to touch the snow samples with
your hands.
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3. If snow is crusted over and more than a foot
deep, use a shovel to dig a small pit (about
24 inches square) down to the ground surface
next to where you want to sample snow. The
pit makes it easier to remove the snow tube.
Disturb no more snow than necessary so you
can use this site again if you plan to take
more samples throughout the snowpack
season.

4. Pick a spot that looks representative of the
sample area. Using a ruler or meter stick read
the depth of the snow to the nearest half inch
(or centimeter). You can make several mea-
surements to find a representative depth, but
record only one snow depth measurement per
sample site on the data sheet.

5. Using the following procedure, collect at
least three samples to get an average of the
snowpack conditions at each individual
sample site.

6. Shove the snow tube, open end down, verti-
cally through the snow just beyond the edge
of the pit. Do not push the snow tube into the

soil or vegetation layer. It
is important not to pack
the snow in the tube. If
the snow is deeper
than the snow tube is
long, stop before the
snow tube is completely
full. Carefully remove the
tube and empty that part of the
sample into your sample bag. Return the
empty tube to where you stopped the sample
and collect the rest of the column of snow.

7. Move snow away from the wall of the cylin-
der on the pit side. From the side, carefully
insert a flat, stiff object (tile, rigid plastic, or
small flat aluminum shovel) under the bot-
tom of the snow tube to prevent snow from
falling out when the tube is moved. Make
sure the cap is not too close to the ground
where it could pick up soil and plant debris
that could contaminate the sample. If any
samples come in contact with organic mat-
ter, discard the sample and take another near
the original sample location. This part of the
process is important if you plan to continue
with Part 2.

8. Holding the cap in place, tilt the snow tube
and its cap into the pit. Be careful not to spill
any of the snow core. Invert the snow tube so
the snow core slides to the bottom. Using the
scale on the graduated cylinder snow tube,
note the height of the snow core and record
that amount on the data sheet (p. 136). Re-
peat the process for the other two samples.
Add the three amounts and divide by the
number of samples taken (3). Record the
average height of the snow core in the appro-
priate column on the data sheet.

If the snow is hard or crusty or deeper
than the length of your snow tube, remove
the snow core in the same way, but in stages.
Add the stage amounts to get the total height
of the snow core.

9. Be careful not to spill snow from the tube
and do not touch the snow with your hands.
Empty the snow into the pre-labeled ziptop

2/21/99
Sample # 1, Site 1
Bottom of hill near school

Labeled Ziptop Bag
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plastic bags. Make sure the sample goes into
the correctly labeled bag. Press as much air
out of the bag as possible and close the bag
tightly. Do not allow the snow to melt. Pro-
longed contact with the air can mix carbon
dioxide with the snow water, forming a
solution of carbonic acid. This acid will
lower the pH levels of your snow sample, if
you are planning to complete Part 2 of the
activity. Impurities on your hands can also
affect the pH of the snow sample.

10. Record air temperature, the temperature at
the snow surface, and time taken on the data
sheet. Return indoors to melt the snow core.

Handling snow samples in the
classroom
Note: If you are going to do the pH activity in
Part 2 it is very important to keep the snow
samples frozen until ready to proceed with the
melting process. Do not thaw samples overnight.
Warming can stimulate biological organisms in

the sample to become more active. Their respira-
tion can add carbon dioxide to the sample and
potentially change the acidity.

Agitate the samples as little as possible after
thawing because this stirring process increases
the contact with carbon dioxide in the atmo-
sphere. (You can do this deliberately to deter-
mine the effect. First, take a pH reading
following the exact directions in Part 2 below.
Then expose the sample to air for an hour or
more. Unless the snow is very acidic, the second
reading should show a lower pH, or more acidic
value.) To avoid contamination of the sample,
reduce the handling time and do not touch the
melted sample with your hands.
1. Transfer a snow sample from the ziptop bag

to the 1,000 milliliter graduated cylinder
(one without a hole near its base). Let snow
samples melt at room temperature. This can
take a while. Monitor the progress so water
depth can be recorded soon after the disap-
pearance of all ice.

Date: Watershed: Team members:

Time: Air temp:

Surface temp: Nearest community:

Notes: (description of sample site, weather conditions, other observations)

Average Average Average
snow Snow snow Snow snow pH of

Sample depth at level in tube water water snow
No. site tube level content content water Remarks

1

2

3

Snow Survey Data Sheet Sample site # ________
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2. Read the water level in the graduated cylin-
der as soon as possible after thawing. Record
the amount to the nearest milliliter. Repeat
for the other two samples. Add the three
amounts and divide by the number of
samples taken (3). Record the snowpack
water content amount in the appropriate
average column on the data sheet.

3. Calculate the snow water content conversion
factor. To do this, first calculate a total
volume for all three snow samples and the
total volume of water they produced. Then
simply divide the volume of water by the
volume of snow. For example, if 500 millili-
ters of unmelted snow produced 50 milliliters
of water, then divide 50 by 500. The answer,
in this case 0.1, is the snow water content
conversion factor for the area and time you
sampled. Now you can convert any snow

depth for that area to a water depth by multi-
plying the snow depth by the conversion
factor.

Conversion factor:   

4. To give your data a watershed perspective,
complete the worksheet below. Show your
work as you complete the calculations.

Note to the teacher: If you cannot collect
your own snow samples, use information
from the two Internet sites to develop a data
sheet and worksheet for student calculations.
Use the process to orient students to the kind
of information available, how it is obtained,
and how it is applied.

Student Worksheet

(a) Determine the area of a football field if it is
120 feet long and 60 feet wide. Area of a
rectangle (ft2 ) = length × width.

7,200 ft2

(b) If using metric measurements for average
snow depth, convert from centimeters to
inches by multiplying the number of
centimeters by 0.4. If measurements are in
inches, conversion is not necessary.

For example: If your snow depth at the site
measured 75 centimeters, it converts to 30
inches.

(c) Convert snow depth from inches to feet by
dividing by 12.

For example: 30 inches converts to 2.5 feet.

(d) Find the total volume of snow (in cubic feet)
on the football field by multiplying the
answer from (a) by the answer from (c).

(e) If the entire football field “watershed” has the
same snowpack depth (# from average
snow depth column on your data sheet),
what would be the total snow water content
of the snowpack on the football field
“watershed?” (Multiply the volume from (d) by
the snow water content conversion factor).

For example: if your snow water content
conversion factor was 0.15, the answer
would be:

18,000 ft3 × 0.15 = 2,700 ft3

(f) How many gallons is this? (To convert cubic
feet to gallons, multiply by 7.48).

2,700 ft3 × 7.48 = 20,196 gals

7,200 ft2 × 2.5 ft = 18,000 ft3

Example
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5. The following chart shows information from
snow surveys for eight SNOTEL sites in the
Rogue/Umpqua Basin on March 19, 1999.
This information is from the Internet at http:/
/www.wrcc.dri.edu/snotel.html. Check out
the website for snowpack information in
other Oregon watersheds or basins in other
western states. Compare the average snow
water equivalent and the percent of average
data for those states. Consider how this
information correlates to long-term weather
patterns.

The snow water equivalent information
collected at SNOTEL sites or along snow courses
is much more complicated than the simple proce-
dures outlined in your snow sampling activity.
However, the concept is the same in that the
snowpack can contain varying amounts of water.
Knowledge of that amount of water is valuable
information for residents of a watershed.

Proceed to Part 2 if your teacher directs you
to do so.

Current Average
snow water snow water
equivalent equivalent Percent of

SNOTEL Site Elevation (feet) (inches) (inches) average (%)

Bigelow 5,120 36.1 11.7 309

Billie Creek Divide 5,300 34.2 20.6 166

Diamond Lake 5,315 38.4 12.4 310

Fish Lake 4,665 16.8 9.1 185

Fourmile Lake 6,000 44.1 29.8 148

King Mountain 4,000 15.1 2.3 657

Sevenmile Marsh 6,200 46.1 31.5 146

Basin wide percent of average 184

The snow water equivalent percent of aver-
age represents the snow water equivalent
found at selected SNOTEL sites in or near
the basin compared to the average value for
those sites on this day. The reference period
for average conditions is 1961-90.
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Questions: Part 1
1. From what direction do the prevailing winds come during the major precipitation months in your

area? How does this correspond to areas of greatest snow concentrations in your area?
Answers will vary.

2. Is the snow water content of your samples the same as those obtained by another group? Explain.
Answers will vary depending on degree of compaction, snow water content at different
sites, and accuracy of measurement.

3. Would the snow water content of compacted snow be the same as that of loosely packed snow?
Explain.
Generally, more compacted snow samples would contain a higher snow water content
because compacted snow is more dense. Because of sublimation, the amount of snow
water content can be less if samples are collected later in the snow. On the other hand, if it
continues to snow, more water in the form of snow, continues to accumulate.

4. From the exercise in Step 4 above you can see that even a football field “watershed” covered with
snow has the potential to contribute vast amounts of water to a stream system during thawing periods.
The snow water equivalent table in Step 5 also provides information about water content. How could
you apply the information learned in Steps 4 and 5 to your local watershed?
Snow surveys provide an inventory of the total snow covering in a specific watershed and
the resulting effects on local water supplies. This information is used to predict floods, regu-
late reservoir storage, determine hydropower potential at dams, forecast community water
supplies, assess agricultural productivity, and other applications.

5. Why is it important to have a number of SNOTEL sites at different elevations in a watershed?
Snow depths usually vary by elevation, as can snow water equivalents. Getting information
from a variety of sites at different elevations provides a broad picture of the water potential
in the watershed.

6. What does the percent of average figure tell you about the Rogue/Umpqua Basins in 1999 just prior
to snowmelt?
Year 1999 is an exceptionally high water year with snow water equivalents that are 184% of
average when using the reference period 1961 through 1990 as a comparison. This could
indicate a high potential for flooding during spring runoff.
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Background: Part 2
Do you know . . .
… that the quality of water in our streams and
lakes can depend on the quality of water in rain
and snow? Like rain, snow may be contaminated
with airborne pollutants. But unlike acid rain,
pollutants carried with snow do not enter streams
with each storm. Instead pollutants are stored in
snow until the snowpack melts. When polluted
snow melts, it can release large “pulses” of
pollutants into local land and water environ-
ments. If the pollutants are acidic, this pulse of
concentrated polluted water can create acid
shock. Acid shock can harm fish, wildlife, and
other organisms in the affected areas. Some fish
and aquatic insects are killed outright by the
rapid and extreme change in acidity. Although
some adult fish can survive these pulses, eggs
and fry cannot. A local fish population’s entire
annual reproduction can be wiped out. And, the
loss of sensitive aquatic insects can disrupt the
food chain fish depend on.

Often the effects of acid shock can be rela-
tively brief and localized. As water from melting
snow mixes with water already in streams and
rivers, it is diluted, making it less harmful.

Other things, primarily calcium, in soils or
water can buffer acidity by neutralizing the
pollutants that reduce the pH of water in streams.
The amount of buffering agents varies and can
eventually be used up, but they play an
important role in reducing the effects
of pollutants in streams. Re-
searchers are exploring how
this affects the survival of
terrestrial plants, aquatic
invertebrates, and some fish
species.

Where do snow pollut-
ants come from? Pollutants
can get into snow in several
ways. The heaviest particles
simply fall out of the atmo-
sphere and land on the
earth’s surface or on the

surface of the snow. High winds may carry these
particles for a short distance, but they are usually
deposited close to their source.

Gaseous forms of pollutants, very fine par-
ticles, and salt mists can happen in high concen-
trations in the atmosphere. Most of these
pollutants first dissolve into airborne moisture
and fall out of the atmosphere as rain or snow.
How much and how fast this occurs depends on
how often it rains or snows when pollutant con-
centrations are high.

Pollutants from human sources—hydrocar-
bons from the combustion of fossil fuels, heavy
metals from industrial processes, and dust—are
the most common forms of pollutants found in
snow. When sulfur or nitrogen compounds from
these sources combine with oxygen in the atmo-
sphere, a mild solution of sulfuric or nitric acid
forms. When it rains or snows these acids are
washed out of the atmosphere and collect in local
water bodies or in the snowpack on the ground.

Local pollution sources are often a problem
in winter. More fuel is burned to provide heat,
putting more pollutants to the air over a commu-
nity. As a result, snow quality changes from one
location to another depending on the size of the
community, their source of heat or electricity,
how close they are to urban areas or the ocean,
prevailing weather patterns, and the frequency of
temperature inversions in winter that trap pollut-
ants in the layer of air next to the snow. Local
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sources of pollutants include power plants,
airports, coal, oil, and wood-burning stoves,
and local transportation. Regional sources
might include ocean mists, volcanic debris,
and dust generated by large scale surface
mining.

Contaminated snow can be a serious hazard
to both land and water habitats. Some snow
evaporates directly into the air through the pro-
cess of sublimation, leaving pollut-
ants behind in even greater
concentrations. When tem-
peratures are below freezing
for long periods the pollut-
ants in snow may be stored
until the spring thaw.

Procedure
Now it’s your turn . . .
Does Oregon have a problem with acid rain? Is
there the potential for acid shock in Oregon
streams fed by melting snow? You can help find
out. Snow sampling and testing may help answer
this question.

Much of Oregon’s annual precipitation,
including snow, falls when the chances for
polluted air is high in certain areas of
the state. Although industries have
tight air quality regulations, other
sources of pollution may contribute
to air quality alerts, especially in
basins surrounded by mountains
like the Klamath Basin or the upper
Rogue River Valley near Medford.
Since much of the snowpack in the
higher mountains rarely thaws during the

winter, pollutants accumulate throughout
the snow season, making them easier to
detect. Because access to high mountain
areas is difficult, however, little testing is
completed to determine these pollution

levels.

1. Brainstorm possible sources of pollutants in
your community or part of the state. Make a
list of these sources and describe the kind of
airborne pollutant that may result.

2. Consider the role of snowfall in Oregon’s
watersheds. How do Oregon’s mountain
ranges affect distribution of precipitation
throughout the state? Do specific mountain
ranges affect the weather patterns in your
area? If so, how?

3. Pollutants are usually more concentrated in
samples collected later in the winter.

Samples collected in or near a commu-
nity may show the effects of local pollu-
tion. Samples gathered farther from the

community may provide information about
pollution carried by winds from regional
sources.

4. Use the water samples collected during Part
1 of this activity or collect new samples
using the same procedures. If possible, avoid
waiting more than one hour after the snow

has melted to sample for pH. For each
sample, dip one strip of wide-range
pH test paper into the snow water.

Match the resulting color on the test
strip with the color scale on the package.

Record the pH of each sample on the data
sheet. (You can also use a pH test kit for

this process.)
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Questions: Part 2
1. Compare the pH values of your samples with samples from other groups. Are there any differences?

What may have caused the differences?
Answers will vary depending on snow sample locations and other variables. Samples taken
from an area downwind of an industrial area or near a community whose residents prima-
rily use coal or wood-burning for winter heating may detect changes in pH.

2. How do you think the pH levels of your snow samples would compare if you had data from both early
winter and late winter? Explain?
In areas of long-term snow coverage, the pH levels are likely lower (more acidic) as more
pollutants have accumulated over time. Sublimation, snow compaction, and extended tem-
peratures below freezing usually concentrate the levels of pollutants causing an increase in
acidity.

4. Sample snow near all known and probable
local pollution sites in and around the com-
munity. Record pH (and conductivity) mea-
surements and source of impurity. On a map
mark the values at the site where you col-
lected the sample. Draw a line connecting all
near identical values to see if there are high
or low acidity “spots” in the area. (This is the
same idea as connecting identical topo-
graphic elevations.) Can you tell when a
local source gradually loses its effect with
distance?

5. After determining the pH of the snowmelt in
your samples, create water samples with
similar pH levels. Keep salmon eggs or fry in
them (with help from the Oregon Department
of Fish and Wildlife’s Salmon-Trout En-
hancement Program; see Chapter 11) to see
how these “pollutants” affect their growth
rate, development, or survival.

6. Chart depth and water content of snow
throughout the snow season for a SNOTEL
site near your area. If snow level decreases
and water content remains the same, what
factor is responsible? (Compaction.) If
water content decreases as snow level de-
creases, what factor is responsible? (Subli-
mation.)

Going further
1. Conductivity investigations with a conduc-

tivity meter are not included in this exercise,
but are a good way to extend the activity
further. Conductivity, or the ability of a
liquid to conduct an electrical charge, is also
used to test for impurities in snow samples.
Since many pollutants are negatively charged
(anions) or positively charged (cations), as
their concentrations increase, there is a
corresponding increase in the conductivity of
the melted snow sample. Although both pH
and conductivity provide evidence of impuri-
ties in snow samples, neither method identi-
fies or measures the concentrations of
specific impurities causing the low pH (high
acidity) or high conductivity. Many impuri-
ties in snowmelt will not cause high acidity
but they can cause high conductivity.

Conductivity meters may be available for
loan through water quality management
offices or can be bought.

2. What role does snow density play in the
calculation of snow water equivalents and
potential runoff?

3. Try the “Deadly Skies” activity from Aquatic
Project WILD, pp. 142-145.



Oregon Department of Fish & Wildlife Uplands  •  143

Winter watersheds
Name

Student sheet

Part 1

Do you know . . .
Millions of Americans enjoy snow-covered
landscapes for their beauty or as a winter play-
ground. But snow also plays a vital role. It is a
primary source of the water supply in the western
United States.

The West’s high mountain ranges hold a vast
snowpack that provides 50% to 80% of the water
supply for the year. But, melting snow does not
provide an uninterrupted, dependable source of
water for all the downstream needs. Reservoirs
and other water storage facilities help store water
for the growing needs of agriculture, industry,
and communities. Suc-
cessful water manage-
ment begins with
knowledge of the primary
source of water in the
West—snow.

Specially trained
people from federal,
state, and private coop-
erative snow survey
programs work with the
Natural Resources Con-
servation Service
(NRCS). They create
accurate and timely
information on the
amount of mountain

snowpack and its water content. SNOTEL is a
computerized telemetry network and forecasting
system for collecting data on snowpack. It can
provide daily, or more frequent, information
about streamflow potentials. The information is
especially valuable during periods of flood or
drought.

The relationship between snowpack and the
amount of snowmelt runoff is complex. It de-
pends on many factors, primarily:

• moisture content of soil,
• ground water contributions,
• precipitation patterns,
• changes in air temperature,
• use of water by plants, and
• the frequency of storms.

Vocabulary
acid rain

acid shock
fry
organic matter

pH

snow courses

snow water content
sublimation
telemetry

Parts of this activity are adapted from Snow Chemistry
and Air Pollution, Burris, Frank, Rena McFarlane and
Peter Stortz, Alaska Cooperative Extension, Fairbanks,
Alaska, 1996, and used with permission. Additional
information obtained and adapted from Snow Surveys
and Water Supply Forecasting, U.S. Department of
Agriculture, Soil Conservation Service, Agriculture
Information Bulletin 536, June 1988.
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Student sheet

These factors change from year to year and vary
from one location to another.

How wet the soil is in early winter—before
the snowpack develops—affects the runoff in the
following spring. Dry soils soak up more water
than wet soils. The soil—for example, sand or
clay—as well as the precipitation determines
how much moisture can be absorbed. Wind, air
temperature, storm frequency, and the amount of
moisture in the atmosphere determine the accu-
mulation of the snowpack. As the snow depth
increases, its density increases as the lower
layers are compressed. Density affects how fast
the snowpack melts and how much water it
yields.

Air temperature and atmospheric moisture
determine how “wet” or “dry” the snow is. Typi-
cally, the west slope of the Cascade Range, in
response to the Pacific Ocean’s strong influence,
receives heavy, wet snow. One foot of that newly
fallen snow can produce up to 1.5 inches of
water. But one foot of snow in the mountains of
central Utah is much drier. It is light and pow-
dery—excellent for skiing—but may only con-
tain an inch of water.

Mountain snowpacks do not
melt steadily. Melting varies
with weather, ground tem-
perature, and exposure to the
sun. Snow begins to melt
when its temperature from top
to bottom is equal at 32°F.
Before reaching the isothermal
state, the snowpack is different
temperatures at different depths. Ground tem-
perature, air temperature, and the sun
affect how quickly it becomes
isothermal. South-facing slopes
and open areas receive the most
solar radiation and have the fastest
melt rates.

Now it’s your turn . . .
Most of the usable water in western North
America begins as mountain snowfall. Many
years ago local communities recognized that
monitoring snowfall was important for predicting
water supply. So a system of snow surveys was
organized. A snow survey is an inventory of the
total snow covering of a specific watershed and
the resulting effects on local water supplies. This
information is used to predict floods, regulate
reservoir storage, determine hydropower poten-
tial at dams, forecast community water supplies,
assess agricultural productivity, and other appli-
cations. The Natural Resources Conservation
Service (NRCS) coordinates these cooperative
surveys.

Information about snow surveys throughout
the West is available on the Internet at http://
crystal.or.nrcs.usda.gov/snowsurveys/. Informa-
tion from remote automated snow telemetry
(SNOTEL) sites is updated regularly at this
website. Another good website for snow survey
information and maps is http://
www.wrcc.dri.edu/snotel.html.

Conventional snow surveys are made at
designated sites known as snow courses. In
Oregon there are 110 SNOTEL sites plus many
more snow courses where snowpack information
is collected.

In this activity you will collect snow
samples, calculate the snow water content of
each sample and apply that information to a
model watershed. If you have time, save your
snow samples and continue with Part 2 of this
activity. In Part 2 you will research possible
sources of air pollutants in your community or
part of the state. And you will test your snow
samples to see if the snowpack in your area is
affected by airborne pollutants.

Collecting a snow sample
Choose an undisturbed area free of animal (or
human) tracks, twigs, fallen branches, leaves,
cones, animal droppings, fur, feathers, or extra
snow from overhead branches. Try to avoid areas
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of drifted snow or where the wind continually
moves the snow.
1. Select a coding system for the snow samples

before marking the ziptop bags. A good
system includes the sample date, the sample
number, the site number, and a description of
the site (see example). Mark the code on the
outside of each bag before going into the
field.

2. Make sure all equipment is gathered and
ready before leaving for the field. Design a
checklist to make this an easy process each
time you collect snow samples. As you work,
be sure not to touch the snow samples with
your hands.

3. If snow is crusted over and more than a foot
deep, use a shovel to dig a small pit (about
24 inches square) down to the ground surface
next to where you want to sample snow. The
pit makes it easier to remove the snow tube.
Disturb no more snow than necessary so you
can use this site again if you plan to take
more samples throughout the snowpack
season.

4. Pick a spot that looks represen-
tative of the sample area.
Using a ruler or meter stick
read the depth of the snow to
the nearest half inch (or centi-
meter). You can make several
measurements to find a representa-
tive depth, but record only one snow depth
measurement per sample site on the data
sheet.

5. Using the following procedure, collect at
least three samples to get an average of the
snowpack conditions at each individual
sample site.

6. Shove the snow tube, open end down, verti-
cally through the snow just beyond the edge
of the pit. Do not push the snow tube into the
soil or vegetation layer. It is important not to
pack the snow in the tube. If the snow is
deeper than the snow tube is long, stop
before the snow tube is completely full.
Carefully remove the tube and empty that
part of the sample into your sample bag.
Return the empty tube to where you stopped
the sample and collect the rest of the column
of snow.

7. Move snow away from the wall of the cylin-
der on the pit side. From the side, carefully
insert a flat, stiff object (tile, rigid plastic, or
small flat aluminum shovel) under the bot-
tom of the snow tube to prevent snow from
falling out when the tube is moved. Make
sure the cap is not too close to the ground
where it could pick up soil and plant debris
that could contaminate the sample. If any
samples come in contact with organic mat-
ter, discard the sample and take another near
the original sample location. This part of the
process is important if you plan to continue
with Part 2.

8. Holding the cap in place, tilt the snow tube
and its cap into the pit. Be careful not to spill
any of the snow core. Invert the snow tube so
the snow core slides to the bottom. Using the
scale on the graduated cylinder snow tube,
note the height of the snow core and record

Student sheet

2/21/99
Sample # 1, Site 1
Bottom of hill near school

Labeled Ziptop Bag
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that amount on the data sheet (p. 146). Re-
peat the process for the other two samples.
Add the three amounts and divide by the
number of samples taken (3). Record the
average height of the snow core in the appro-
priate column on the data sheet.

If the snow is hard or crusty or deeper
than the length of your snow tube, remove
the snow core in the same way, but in stages.
Add the stage amounts to get the total height
of the snow core.

9. Be careful not to spill snow from the tube
and do not touch the snow with your hands.
Empty the snow into the pre-labeled ziptop
plastic bags. Make sure the sample goes into
the correctly labeled bag. Press as much air
out of the bag as possible and close the bag
tightly. Do not allow the snow to melt. Pro-
longed contact with the air can mix carbon
dioxide with the snow water, forming a
solution of carbonic acid. This acid will
lower the pH levels of your snow sample, if
you are planning to complete Part 2 of the

activity. Impurities on your hands can also
affect the pH of the snow sample.

10. Record air temperature, the temperature at
the snow surface, and time taken on the data
sheet. Return indoors to melt the snow core.

Handling snow samples in the
classroom
Note: If you are going to do the pH activity in
Part 2 it is very important to keep the snow
samples frozen until ready to proceed with the
melting process. Do not thaw samples overnight.
Warming can stimulate biological organisms in
the sample to become more active. Their respira-
tion can add carbon dioxide to the sample and
potentially change the acidity.

Agitate the samples as little as possible after
thawing because this stirring process increases
the contact with carbon dioxide in the atmo-
sphere. (You can do this deliberately to deter-
mine the effect. First, take a pH reading
following the exact directions in Part 2 below.

Student sheet

Date: Watershed: Team members:

Time: Air temp:

Surface temp: Nearest community:

Notes: (description of sample site, weather conditions, other observations)

Average Average Average
snow Snow snow Snow snow pH of

Sample depth at level in tube water water snow
No. site tube level content content water Remarks

1

2

3

Snow Survey Data Sheet Sample site # ________
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Then expose the sample to air for an hour or
more. Unless the snow is very acidic, the second
reading should show a lower pH, or more acidic
value.) To avoid contamination of the sample,
reduce the handling time and do not touch the
melted sample with your hands.
1. Transfer a snow sample from the ziptop bag

to the 1,000 milliliter graduated cylinder
(one without a hole near its base). Let snow
samples melt at room temperature. This can
take a while. Monitor the progress so water
depth can be recorded soon after the disap-
pearance of all ice.

2. Read the water level in the graduated cylin-
der as soon as possible after thawing. Record
the amount to the nearest milliliter. Repeat
for the other two samples. Add the three
amounts and divide by the number of
samples taken (3). Record the snowpack

water content amount in the appropriate
average column on the data sheet.

3. Calculate the snow water content conversion
factor. To do this, first calculate a total
volume for all three snow samples and the
total volume of water they produced. Then
simply divide the volume of water by the
volume of snow. For example, if 500 millili-
ters of unmelted snow produced 50 milliliters
of water, then divide 50 by 500. The answer,
in this case 0.1, is the snow water content
conversion factor for the area and time you
sampled. Now you can convert any snow
depth for that area to a water depth by multi-
plying the snow depth by the conversion
factor.

Conversion factor:   

Student sheet

Student Worksheet

(a) Determine the area of a football field if it is
120 feet long and 60 feet wide. Area of a
rectangle (ft2 ) = length × width.

(b) If using metric measurements for average
snow depth, convert from centimeters to
inches by multiplying the number of
centimeters by 0.4. If measurements are in
inches, conversion is not necessary.

(c) Convert snow depth from inches to feet by
dividing by 12.

(d) Find the total volume of snow (in cubic feet)
on the football field by multiplying the
answer from (a) by the answer from (c).

(e) If the entire football field “watershed” has the
same snowpack depth (# from average
snow depth column on your data sheet),
what would be the total snow water content
of the snowpack on the football field
“watershed?” (Multiply the volume from (d) by
the snow water content conversion factor).

(f) How many gallons is this? (To convert cubic
feet to gallons, multiply by 7.48).
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4. To give your data a watershed perspective,
complete the worksheet below. Show your
work as you complete the calculations.

5. The following chart shows information from
snow surveys for eight SNOTEL sites in the
Rogue/Umpqua Basin on March 19, 1999.
This information is from the Internet at http:/
/www.wrcc.dri.edu/snotel.html. Check out
the website for snowpack information in
other Oregon watersheds or basins in other
western states. Compare the average snow
water equivalent and the percent of average
data for those states. Consider how this
information correlates to long-term weather
patterns.

The snow water equivalent percent of aver-
age represents the snow water equivalent
found at selected SNOTEL sites in or near
the basin compared to the average value for
those sites on this day. The reference period
for average conditions is 1961-90.

Student sheet

Current Average
snow water snow water
equivalent equivalent Percent of

SNOTEL Site Elevation (feet) (inches) (inches) average (%)

Bigelow 5,120 36.1 11.7 309

Billie Creek Divide 5,300 34.2 20.6 166

Diamond Lake 5,315 38.4 12.4 310

Fish Lake 4,665 16.8 9.1 185

Fourmile Lake 6,000 44.1 29.8 148

King Mountain 4,000 15.1 2.3 657

Sevenmile Marsh 6,200 46.1 31.5 146

Basin wide percent of average 184

The snow water equivalent information
collected at SNOTEL sites or along snow courses
is much more complicated than the simple proce-
dures outlined in your snow sampling activity.
However, the concept is the same in that the
snowpack can contain varying amounts of water.
Knowledge of that amount of water is valuable
information for residents of a watershed.

Proceed to Part 2 if your teacher directs you
to do so.
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Questions: Part 1
1. From what direction do the prevailing winds come during the major precipitation months in your

area? How does this correspond to areas of greatest snow concentrations in your area?

2. Is the snow water content of your samples the same as those obtained by another group? Explain.

3. Would the snow water content of compacted snow be the same as that of loosely packed snow?
Explain.

4. From the exercise in Step 4 above you can see that even a football field “watershed” covered with
snow has the potential to contribute vast amounts of water to a stream system during thawing periods.
The snow water equivalent table in Step 5 also provides information about water content. How could
you apply the information learned in Steps 4 and 5 to your local watershed?

5. Why is it important to have a number of SNOTEL sites at different elevations in a watershed?

6. What does the percent of average figure tell you about the Rogue/Umpqua Basins in 1999 just prior
to snowmelt?

Student sheet
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Part 2
Do you know . . .
… that the quality of water in our streams and
lakes can depend on the quality of water in rain
and snow? Like rain, snow may be contaminated
with airborne pollutants. But unlike acid rain,
pollutants carried with snow do not enter streams
with each storm. Instead pollutants are stored in
snow until the snowpack melts. When polluted
snow melts, it can release large “pulses” of
pollutants into local land and water environ-
ments. If the pollutants are acidic, this pulse of
concentrated polluted water can create acid
shock. Acid shock can harm fish, wildlife, and
other organisms in the affected areas. Some fish
and aquatic insects are killed outright by the
rapid and extreme change in acidity. Although
some adult fish can survive these pulses, eggs
and fry cannot. A local fish population’s entire
annual reproduction can be wiped out. And, the
loss of sensitive aquatic insects can disrupt the
food chain fish depend on.

Often the effects of acid shock can be rela-
tively brief and localized. As water from melting
snow mixes with water already in streams and
rivers, it is diluted, making it less harmful.

Other things, primarily calcium, in soils or
water can buffer acidity by neutralizing the
pollutants that reduce the pH of water in streams.
The amount of buffering agents varies and can
eventually be used up, but they play an
important role in reducing the effects
of pollutants in streams. Re-
searchers are exploring how
this affects the survival of
terrestrial plants, aquatic
invertebrates, and some fish
species.

Where do snow pollut-
ants come from? Pollutants
can get into snow in several
ways. The heaviest particles
simply fall out of the atmo-
sphere and land on the
earth’s surface or on the

surface of the snow. High winds may carry these
particles for a short distance, but they are usually
deposited close to their source.

Gaseous forms of pollutants, very fine par-
ticles, and salt mists can happen in high concen-
trations in the atmosphere. Most of these
pollutants first dissolve into airborne moisture
and fall out of the atmosphere as rain or snow.
How much and how fast this occurs depends on
how often it rains or snows when pollutant con-
centrations are high.

Pollutants from human sources—hydrocar-
bons from the combustion of fossil fuels, heavy
metals from industrial processes, and dust—are
the most common forms of pollutants found in
snow. When sulfur or nitrogen compounds from
these sources combine with oxygen in the atmo-
sphere, a mild solution of sulfuric or nitric acid
forms. When it rains or snows these acids are
washed out of the atmosphere and collect in local
water bodies or in the snowpack on the ground.

Local pollution sources are often a problem
in winter. More fuel is burned to provide heat,
putting more pollutants to the air over a commu-
nity. As a result, snow quality changes from one
location to another depending on the size of the
community, their source of heat or electricity,
how close they are to urban areas or the ocean,
prevailing weather patterns, and the frequency of
temperature inversions in winter that trap pollut-
ants in the layer of air next to the snow. Local

Student sheet
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sources of pollutants include power plants, air-
ports, coal, oil, and wood-burning stoves, and
local transportation. Regional sources might
include ocean mists, volcanic debris, and dust
generated by large scale surface mining.

Contaminated snow can be a serious hazard
to both land and water habitats. Some snow
evaporates directly into the air through the pro-
cess of sublimation, leaving pollutants behind in
even greater concentrations. When temperatures
are below freezing for long periods the pollutants
in snow may be stored until the spring thaw.

Now it’s your turn . . .
Does Oregon have a problem with acid rain? Is
there the potential for acid shock in Oregon
streams fed by melting snow? You can help
find out. Snow sampling and testing
may help answer this question.

Much of Oregon’s annual
precipitation, including snow, falls
when the chances for polluted air
is high in certain areas of the state.
Although industries have tight air
quality regulations, other sources of
pollution may contribute to air quality
alerts, especially in basins surrounded by
mountains like the Klamath Basin or the upper
Rogue River Valley near Medford. Since much
of the snowpack in the higher mountains rarely
thaws during the winter, pollutants accumulate
throughout the snow season, making them easier
to detect. Because access to high mountain areas
is difficult, however, little testing is completed to
determine these pollution levels.

1. Brainstorm possible sources of pollut-
ants in your community or part of the
state. Make a list of these sources and
describe the kind of airborne pollutant
that may result.

2. Consider the role of snowfall in Oregon’s
watersheds. How do Oregon’s mountain
ranges affect distribution of precipitation
throughout the state? Do specific mountain
ranges affect the weather patterns in your
area? If so, how?

3. Pollutants are usually more concentrated
in samples collected later in the
winter. Samples collected in or near a
community may show the effects of
local pollution. Samples gathered
farther from the community may
provide information about pollution

carried by winds from regional sources.

4. Use the water samples collected during Part
1 of this activity or collect new samples
using the same procedures. If possible, avoid
waiting more than one hour after the snow

has melted to sample for pH. For each
sample, dip one strip of wide-range pH test
paper into the snow water. Match the
resulting color on the test strip with the
color scale on the package. Record the pH
of each sample on the data sheet. (You can
also use a pH test kit for this process.)
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Questions: Part 2
1. Compare the pH values of your samples with samples from other groups. Are there any differences?

What may have caused the differences?

2. How do you think the pH levels of your snow samples would compare if you had data from both early
winter and late winter? Explain?
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Water? Right!

Objectives
Students will (1) describe how water rights
allocate water resources and (2) demonstrate a
water rights allocations system.

Method
Students will experience limited water resources,
generate lists of water uses and allocate re-
sources.

For younger students
1. Consult extension activities at the end of each

chapter to address the needs of younger stu-
dents.

2. Read activity background information aloud to
younger students or modify for your students’
reading level.

3. You may want to explore how the usage
numbers were devised; see extensions for this
section. Very young students will need famil-
iarity with a calculator or help to calculate
large numbers. Modify some questions and
vocabulary, for example: “hydroelectric use”
could be explained as “dam usage.”

Materials
Introduction
• paper cups (one per student)
• water jug (plastic gallon container)
• 3"×5" cards

Activity
• copies of student pages  (pp. 157-160)

Notes to the teacher
The introduction is a demonstration activity. As
an introduction to the Riparian Rights Doctrine
of water rights, begin by placing a partially full
water jug on the floor. Then have students ar-
range their chairs in a circle around the jug.
Distribute paper cups to the students. Whoever is
closest to the jug has the first priority and may
take all the water they need. Have that student
pass the jug to the next closest person. Continue
around the circle, moving farther and farther
away from the original water source until the jug
has gone all the way around the circle, or the jug
is empty. If some students did not get water, ask
them how they feel about it. If the jug did com-
plete the circle, discuss how some would have
felt if the water ran out before it got to them.
Discuss this method of water rights. Is it fair?
What are its problems? What are its benefits?

To introduce Prior Appropriation Doctrine,
have all students write their birth date on a 3"×5"
card. Next, have them arrange their chairs in a
line from oldest to youngest. Give the water jug
to the oldest student. Tell that student to take all
they need and then pass it on to the next oldest,
and so on down the line. Discuss the problems
and benefits of this system of water rights.

Ask the students to compare the two systems.
Then ask them to improve on these two systems.
Can they come up with a system that solves the
problems of either of these systems of water
rights? What factors (e.g., fairness, predictability,
most important uses, etc.) are the most important
in a system of water rights?

Activity Education Standards: Note alignment
with Oregon Academic Content Standards
beginning on p. 483.

Vocabulary
Prior Appropriation Doctrine
Riparian Rights Doctrine

water rights
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Use Amount

Home use .......................900 gallons per
household per day

Industrial use .................450 gallons per
household per day

Minimum stream flow ...1,000,000 gallons per
day

Irrigation ........................450 gallons per
household per day

Hydroelectric use ...........900 gallons per
household per day

If students have trouble agreeing about
priorities it may be useful to point out that this is
also a problem for society. Everyone does not
agree on what is the fairest system of water
rights.

Background
Do you know . . .
Water rights are a legal system for allocating
water. A water right does not give anyone owner-
ship of water. Instead it allocates who has the
right to use it. Water rights can be held by a
person, group, business, or community. Even fish
and wildlife can have legal water rights.

The system of water rights is not the same in
all areas of the United States. The water rights
system generally used in the eastern United
States gives people who own land next to the
stream the right to use water from it. This is
called the Riparian Rights Doctrine.

In most of the western United States a differ-
ent legal system is used to decide who has the
right to use water. This system, sometimes called
the Prior Appropriation Doctrine, gives the
first person to use water a “prior” right to use it.
This “first-come, first-served” system of rights,
also called “first in time, first in right,” means
that if all of the water in a stream is already
allocated there can be no new users.

Procedure
Now it’s your turn . . .
Everbody needs water. We use water in our
homes, to grow our food, in our industries, for
generating power, for recreation, and to support
forests, fish and wildlife. But there is not always
enough water to go around.

Sometimes there is not enough water when
supplies change because of droughts or other
natural events. At other times there is not enough
water because there are simply too many users.
When there is not enough water people must
make decisions about who will get the water that
is available. What is a fair way to decide who
gets the water?

Below is a table listing amounts of water
used for different purposes. Use these figures
when answering the questions.
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Questions
1. Why is it important to maintain minimum streamflows?

Minimum streamflows protect fish, wildlife, and other aquatic organisms.

2. Including support services and not counting the amount of water needed to maintain minimum stream
flows, how many gallons are needed each day to support each household?
2,700 gallons. Home use + Industrial use + Irrigation + Hydroelectrice use

3. Including the amount needed to maintain minimum streamflows, how many gallons per day are
needed to support a town of 1,000 households? 2,000 households? 5,000 households?
1,000 households = 3,700,000 gallons

2,700 gals/household × 1,000 households = 2,700,000 gals
2,700,000 gals + 1,000,000 gals (minimum stream flow) = 3,700,000 gals

2,000 households = 6,400,000 gallons     (2,700,000 × 2 + 1,000,000)
5,000 households = 14,500,000 gallons     (2,700,000 × 5 + 1,000,000)
Note: the minimum streamflow is always only 1,000,000 gals.

4. If the river this town depends on has an average flow of 34,000,000 gallons per day, how many
households can it support? Round to the nearest whole thousand without going over the available
water supply.
12,000 households
34,000,000 gals/day - 1,000,000 minimum streamflow = 33,000,000
33,000,000 gals/day ÷ 2,700 gals/day = 12,222, rounded down to 12,000

5. The amount of rainfall can vary from year to year. If a drought caused the average streamflow to drop
by half how many households could it support? Round to the nearest whole thousand without going
over the available water supply.
5,000 households.

34,000,000 gals/day ÷ 2 = 17,000,000
17,000,000 - 1,000,000 (min. stream flow) = 16,000,000
16,000,000 ÷ 2,700 = 5,925.9259 but rounded down to 5,000

6. Sometimes water may be used, but not used up. For example, part of the water that enters households
as domestic water leaves as sewage. Which uses can return water to a river? Why?
Home use—most water is returned
Industrial use—most water is returned
Irrigation—little water is returned
Hydroelectric use—most water is returned

7. For each of the returns you discussed above, does anything need to be done to the returned water
before it is returned to the river?
Water from household, industrial, and irrigation uses needs to be cleaned before it is
returned.

8. If there is not enough water for all users, what are some ways a town could try to get more? If no
more is available, how could they distribute the available water? Which uses have the highest priori-
ties? Why?
Answers will vary.
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8. Design your own system of water rights. How should water be distributed? Who has the first priority
for water use? Why?
Answers will vary.

Going further
1. See “Water Court,” Project Wet, pp. 413-419.

2. Design an experiment that would detect if someone was taking more irrigation water from the river
than the amount allowed by their water right.

3. Design an experiment to test the efficiency of a common lawn sprinkler.

4. See “Water Works,” Project Wet, pp. 274-278.

5. Is your local water system supported by wells? If so, investigate the recharge and use capacity of the
local water system. Design a hypothetical situation where drought reduces the local water supply by
one-half. Hypothesize how the community would solve this water shortage dilemma.

6. Using precipitation, and potential evapotranspiration data obtained from your local hydrologist, graph
the precipitation, the actual evapotranspiration, and the potential evapotranspiration. Discuss usage,
recharge, and deficit as it relates to the watershed. How might this affect the streamflow over a period
of a year?
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Water? Right!
Name

Student sheet

Now it’s your turn . . .
Everbody needs water. We use water in our
homes, to grow our food, in our industries, for
generating power, for recreation, and to support
forests, fish and wildlife. But there is not always
enough water to go around.

Sometimes there is not enough water when
supplies change because of droughts or other
natural events. At other times there is not enough
water because there are simply too many users.
When there is not enough water people must
make decisions about who will get the water that
is available. What is a fair way to decide who
gets the water?

On the next page is a table listing amounts of
water used for
different pur-
poses. Use these
figures when
answering the
questions.

Do you know . . .
Water rights are a legal system for allocating
water. A water right does not give anyone owner-
ship of water. Instead it allocates who has the
right to use it. Water rights can be held by a
person, group, business, or community. Even fish
and wildlife can have legal water rights.

The system of water rights is not the same in
all areas of the United States. The water rights
system generally used in the eastern United
States gives people who own land next to the
stream the right to use water from it. This is
called the Riparian Rights Doctrine.

In most of the western United States a differ-
ent legal system is used to decide who has the
right to use water. This system, sometimes called
the Prior Appropriation Doctrine, gives the
first person to use water a “prior” right to use it.
This “first-come, first-served” system of rights,
also called “first in time, first in right,” means
that if all of the water in a stream is already
allocated there can be no new users.

Vocabulary
Prior Appropriation Doctrine
Riparian Rights Doctrine

water rights
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Questions
1. Why is it important to maintain minimum

streamflows?

2. Including support services and not counting the
amount of water needed to maintain minimum
stream flows, how many gallons are needed each
day to support each household?

3. Including the amount needed to maintain minimum streamflows, how many gallons are needed each
day to support a town of 1,000 households? 2,000 households? 5,000 households?

4. If the river this town depends on has an average flow of 34,000,000 gallons per day, how many
households can it support? Round to the nearest whole thousand without going over the available
water supply.

Use Amount

Home use .......................900 gallons per
household per
day

Industrial use .................450 gallons per
household per
day

Minimum stream flow ...1,000,000 gallons
per day

Irrigation ........................450 gallons per
household per
day

Hydroelectric use ...........900 gallons per
household per
day
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5. The amount of rainfall can vary from year to year. If a drought caused the average streamflow to drop
by half how many households could it support? Round to the nearest whole thousand without going
over the available water supply.

6. Sometimes water may be used, but not used up. For example, part of the water that enters households
as domestic water leaves as sewage. Which uses can return water to a river? Why?

7. For each of the returns you discussed above, does anything need to be done to the returned water
before it is returned to the river?

8. If there is not enough water for all users, what are some ways a town could try to get more? If no
more is available, how could they distribute the available water? Which uses have the highest priori-
ties? Why?

9. Design your own system of water rights. How should water be distributed? Who has the first priority
for water use? Why?

Student sheet
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