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transforms into a "reaction wave"
that accelerates the water over the
rock, mixing with air, and forcing
the mixture to the bottom.  Since
the water is aerated, sometimes up
to 60%, it boils back to the surface
a short distance downstream.  That
point is referred to as the "boil line."
Some of THAT water in turn is
pulled back upstream to the face of
the rock.  That is referred to as the
"back wash," while the water
continuing downstream below the
boil line is the "outwash." The
depression thus created on the
downstream side of the rock is
referred to as a "hole."    River
runners also refer to this feature as
a "suck hole," "keeper," or
"hydraulic," since they are capable
of holding boats for varying periods
of time.   Again, as shown in this
picture, the defense against a flip is
to IMMEDIATELY move to the
downstream, or "highside" of the
boat, in order to take the load off
the upstream tube.

Swimmers in naturally occurring
hydraulics, however, are usually
only held a few seconds.  The water
is to aerated to float them, even
wearing a lifejacket, and they are
generally pushed out along the
bottom, surfacing downstream of
the boil line, or are pushed to the
sides of what used to be an eddy at

such huge suspended loads, also
shape the low water channels of the
river.  Eddies and turbulence
actually precipitate out the various
sized particles of suspended
material: placing a sand bar here, a
"cobble," or small rock bar there.
This function has significance for
rescuers as it determines the
condition of the river bed at the
rescue site.  The suspended load is
not only responsible for the familiar
point bar at bends in the channel,
but also tends to lay down cross-
channel bars at semi-regular
intervals (every 5 times the width of

the 100 year floodplain), potentially
offering wading access to a
stranded victim by the rescue team.

The bottom load or "bed load" is
made up of objects that are
tumbling or moving along the
bottom, ranging from rocks in steep
rivers, to negatively buoyant objects
carried away by floods.  The hazard
they present is that there is virtually
no warning for rescuers attempting
to make wading crossings of being
hit by rolling debris.  

Strainers have been mentioned in
several portions of this series:
obstacles in moving water that the
current will move through, but solid
objects, such as swimming people,
won't.  Piles of floating debris, such
as brush and downed trees, tend to
accumulate at the outside of turns
in rivers, generally as the result of
trees at those spots eventually
having their roots undercut as the
river carves its turn and falling over.
Boats, kayaks, canoes, and
swimmers that don't maneuver
away may themselves become
enmeshed, and, like the boat on the
upstream of the rock, also flip over
and become part of the pile.
Fences, guardrails on highways,
pipes under driveways, and storm
drains are artificial strainers.

Boats and swimming swiftwater
rescuers should avoid such
situations.  The stretch of river or
floodwater should be scouted before
operations commence. If it becomes
obvious that the obstacle can't be
avoided, boats should attempt to hit

lower levels, and are flushed out
along the sides.

Similar reversals also occur at the
base of low head dams or "weirs,"
which originally were built in
communities to hold water for grain
grinding mills, but now serve for
recreation, power generation or
agricultural purposes.  The reversals
at such dams can be extremely
dangerous, since the distance to the
boil line can be so far that not only
boats but swimmers can be held for
long periods, and even if they
manage to get to the sides, are
confronted by vertical walls, making
escape virtually impossible.  River
rescue professionals refer to such
dams as "drowning machines."

Dangerous reversals can appear
during floods on the downstream
side of other structures, such as
flooded raised roadways and low
bridges.  These reversals will be
examined in further details further
on in this article.

More water over the rock and the
"hole" disappears.  If compared to a
wave approaching the ocean beach,
the "hole" is the wave broken on the
beach.  Farther out where the water
is deeper the wave approaches the
beach, accelerating as its height
increases, until it finally breaks.   As
the water increases in depth over the

rock similar waves are created,
breaking upstream in shallower
depths, and standing up as the
depth increases.  So rocks are
another reason for waves, again,
"standing waves" or "haystack
waves."  Unlike the wave trains at
the bottom of chutes, or in steep
channels, these waves are generally
isolated, one or two in series at the
most.

Where such waves are breaking
back upstream they are sometimes
misidentified as hydraulics or holes,
but in fact not only are they not
"keepers," but boats and swimmers

will simply push through them.
However, if the boater can slow
down on entry such waves are
capable of actually surfing a kayaker.
In recent years the sport of "river
boarding" has grown in popularity.
Board riders enter these waves from
the side and surf for long periods.
Some waves are high enough so that
knowledgeable swimmers can
actually body surf!

Swiftwater and Flood Hazards
When water moves down any
gradient it tends to carry materials
with it.  Positively buoyant objects
and debris become part of the
surface load.  The hazard presented
by large objects on the surface to
downstream rescuers should be
obvious.  So good practice calls for
the positioning of spotters upstream
to warn of visible objects, giving
rescuers time, hopefully, to get out of
danger.

Suspended load is made up of
objects that have either achieved
neutral buoyancy or are in the slow
process of sinking, or like dirt or
sediment, are actually in
suspension. Suspended load makes
it difficult for rescuers to gauge
depth, or the presence of underwater
obstacles.  And in fact, the moving
water may contain large amounts of
suspended materials, such as during
a flash flood, or even a debris flow.
Huge suspended loads increase the
force far beyond the numbers
created by relatively clear water and
quoted earlier. Floods, which carry



ISSUE  44TECHNICALrescue 31

AQUATICwww.t-rescue.com

it with one end or the other of the
boat, shift weight downstream in
the boat so that, hopefully, the craft
will pendulum off without
overturning.   Swimmers should
either aggressively swim
downstream into it-attempting to
either get over it or get as much of
their body out of the water as
possible-before water pressure
exerts itself and entraps them.  "Log
walking" is a Canadian river
technique that involves hitting the
log feet first, arching the back,
palms down to keep the back up,
and then walk to one end of the
strainer and roll off.  

If trapped, the simplest, and
fastest, rescue option is using ropes
to first secure the victim and then
pull him or her upstream out of the
entrapment.  At the same time an
additional rope can be used to keep
the victim from slipping over or
under the initial rescue rope.   This
technique takes practice, and is
only one of several suggested
methods that can be used in such
situations.  The key to success here
is to keep the inside angle as small
as possible in order to exert the
greatest force of pull upstream.

Besides the three common

RATING SYSTEM  (metric) 

LOW HEAD DAMS/WEIRS   
FACTORS    1 POINT 2 POINTS 3 POINTS

Height of the drop 0.3 - 1 m. 1 - 2 m. 2.5 m +
Angle of the drop from the Vertical <30 degrees 30 to 40degrees >45 degrees
Volume over the dam in cm < 28 cm 28-85 cm >85 cm
Distance across the river < 30 m. 30-75 m. >75 m.
Access to the sides of the Dam Both easily One easily No, or difficult
Anchors for rope systems and
working area for rope rescues Both One None or artificial needed
Debris accumulation against
the face of the dam, percentage
of dam "face" obscured. 10% 10-25% >25%
Depth of "hole," from height of boil
to lowest visible depression 
at face of dam < 0.3 m. 0.3 - 1 m. > 1 m.
Distance from base of dam
to boil line 1.8 m. or less 1.8 - 4.5 m. > 4.5 m.
Composition of bottom Concrete Sand, gravel Rock, debris

TOTAL POSSIBLE POINTS 10 20 30

(Additionally, rescuers should consider the actual depth of the water at the face of the dam at various flows. The "hole" may look bad, 
but the water may only be a few cm. deep.)

Total points Class of dam Definition
10 - 15 I Basic, most easily managed rescues
16 - 20 II Intermediate, but several rescue options still
21 - 25 III More difficult.  Advanced skills needed.
26 - 30 IV Most difficult.  High danger to rescuers.

"loads" carried by rivers, floods carry
along additional hazards, including
biological wastes, chemicals,
effluent, a wide range of petroleum
products and oils, paints,
detergents, and other hazardous
materials.  Swiftwater rescue teams
need to have policies and
procedures for dealing with these
hazards, minimally including gross
decontamination after each
immersion, more definitive decon at
the end of the work period, and
making sure that all personnel have
current tetanus and hepatitis B
vaccinations.

Man-made Swiftwater and Flood
Hazards
Low-water crossings have been a
feature of the southern United States
for many years, and were a way to
avoid building more costly bridges at
locations where roadways cross
arroyos and streams that only
occasionally flooded.

In many other areas, including
Europe, low-lying roadways,
causeways, and roads running in the
flood channels of rivers create
similar situations. Rescuing trapped
drivers in such situations creates a
whole series of separate problems,

which were highlighted in our
previous article "Car in the Water".

Weirs and Low-head Dams have
been built all over the world, initially
to serve such purposes as power
generation or water retention, but
later to vex those responsible for
rescuing unwary boaters trapped at
their bases by the forces of the
reversal created.

Since these dams are carefully
engineered to keep them from
deteriorating they are generally
angled so that the boil line ends up
several feet downstream.  Boats and
swimmers thus trapped re-circulate
repeatedly.  If they are fortunate
enough to work to the sides they
generally find either vertical walls or
fish ladders blocking escape.

Several years ago Barry Edwards
and Mike Croslin, fellow swiftwater
rescue instructor-trainers, and I sat
down to write an article for a now
defunct rescue magazine on low
head dam rescues, based largely on
work we had done on dams all over
North America.  As the result we
created a low-head dam rating
system that is still used today, based
on 9 factors, to determine the rescue
difficulty from any particular dam.

Since then that rating system has

stood the test of time. Recently I
found myself working dams in Utah
and Michigan that exemplified the
problems in such dams. Rescue
options range from thrown ropes, to
inflated fire hoses, to rescue boats
both tethered and free, and finally
helicopters.  All have their
applications and hazards.

Rescuers have long supported the
concept of swimming down to the
bottom if caught in such a reversal,
perhaps even taking off the life
jacket in order to remain negatively
buoyant long enough to get below
the boil line.  Such ideas are pure
apocryhpha and are best burst by
trying to swim in such reversals in a
controlled situation.  We actually
tether students into the edge of such
reversal so that they fully understand
that if they become trapped,
personal control is generally out of
the question unless  there is extra
flotation providentially at hand.

Further complicating self rescue
are the pipes and other vertical
barriers sometimes emplaced at the
base of these dams to break up
debris, or the detritus that finds its
way into urban rivers, such as
shopping trolleys, old appliances,
and car bodies. Manholes, storm
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drains, and pipes claim victims in
virtually every flood.  Like the drain
in the bathtub the danger is that
there is virtually no suction until the
victim is a few feet from the
opening. In one heroic effort a few
years ago, Kentucky firefighters
rescued a boy who had been
partially pulled into a drainpipe
under his driveway.  They first put a
short section of garden hose in his
mouth just before he fully
submerged and then used plywood
to block the water at the next
driveway "upstream" until they could
pull him free. Such options are
frequently not available.  The same
techniques used for strainer
entrapments generally work in these
situations, if rescuers arrive in time.
Manholes are common in urban
areas.   They generally are forced off
as floodwater rise, and create the
same type of "bathtub" suction when
floodwaters recede.  In Houston,
Texas three drivers met a hideous
end when they left their flooded
vehicle in an underpass and stepped
into a manhole that had just started
sucking floodwaters.  Rescuers
should ALWAYS carry a stick or
probe and use it to check water
ahead of them, even in a flat-water
situation

Flood channels: Flood channel
systems are more common in dry
climates, but are also found in built-
up urban areas in wetter areas.

channels when local areas receive
concentrated rain.  These task
forces set up in areas with pre-set
anchors and launching points.
Rescue options range from pre-set
diagonal "clothes line" rescue
systems (picture) to launching
personal watercraft and "dynamic"
short haul rescues using especially
trained and equipped helicopters. At
this juncture all of this information
is in the realm of theory.  In order to
respond to moving water
emergencies it is not just vital, but
REQUIRED that rescue teams train
in current, preferably as fast as
possible, with as many features as
possible.  A swimming pool, lake, or
slow moving river are all inadequate
training venues.  Recently we
conducted an instructor course in
Nottingham (UK) on the Holme
Pierpont Kayak Course, an artificial
river/race course that quickly gains
the respect of students who
underestimate it.   There simply is
no substitute for such practical
experience, and it shows when
students realize how comfortable
they have become with the
hydrology of the river after only a
few days of training.  The operable
word here is "students."  Such
training is not something that can
be acquired through reading articles
such as this.  

Time to get ready.  The flood is
coming.

They are designed to move water out
of the area as fast as possible, to
avoid flood damage.  As the result,
they are purposefully engineered to
be smooth bottomed and steep
sided-to hold water and keep it
moving.  Rescue from these channels
can be problematical. In Los Angeles
County there are over 400 miles of
primary flood channels and nearly
1200 miles of secondary ones, some
with a gradient of nearly 400 feet per
mile. So speeds in sections may
exceed 40 miles per hour.  Water
even a few inches deep will sweep
victims away.  Since they are nearly
dry most of the year they become
"attractive nuisances," drawing skate
boarders, bicyclists, joggers and the
homeless. Even in urban areas with
only a few feet per mile of gradient
the vertical walls on each side assure
that trapped victims can't climb out.
Similarly, concrete irrigation canals
act in the same fashion.  In
California's central valley, immigrants
can be found fishing along the
canals.  Since they don't know how
to swim, if they fall in the helical flow
pulls them outward and they
generally aren't skilled enough to
overcome it and return to the wall,
and the metal ladders placed every
few hundred feet.

Rescue is a matter of careful pre-
planning and training.  Southern
California rescue agencies mobilize
and pre-position swiftwater/flood
task forces along their main river


