A Bank-Operated Traveling-Block Cablena;)\ for Stream Discharge and Sediment Measurements

I NTRODUCTION

Land managers have a continuing need to measure streanflow and sediment, both
in unaltered settings and for monitoring response to management activities. Collecting
discharge and sediment data at high Flows may be neglected in some situations. This
may be due 1o safety considerations associated with wading, or due to a lack of bridges
or other available structure crossing the stream. A hand-operatted cablenay with
traveling block system has been used by the Nez Perce National Forest since 1977.
These installations al lov hydrographers to safelly ool lect streamfllow and sediment data
during high flov conditions. Operated from the bank, this cablenay system provides a
safe, lovcost, and effective method to acquire year-round measurements.

As river stage rises, safety of the hydrographer who collects data becames an
increasing concem. The common rule-of-thumb is to avoid wading in streams when
the product of the depth (in feet) and the watter velocity (in feet per second) exceeds
10. The use of tenporary bridges and platforms can reduce the risk of an accident
occurring during in-stream measurements, but at the same time it may provide forest
visitors with a hazardous setting. The system descriibed in this paper helps avoid both
of these sittatios.

The system in use on the
Nez Perce National Forest

oosists of a looped cable

stretched across a stream

channel and suspended from

o support posts that are

permanently installed on

opposite stream banks. The

cable travels aroud a crank-

operated drive on one bank and

apulley on the aother end. This

allows measurement equipment

to be moved out over the

desired location in the stream . i

on a traveliing block (Figure 1). F'g"e’z;-fw@b'e“’y
This traveling block system has disd

similar goerating prirnciples to measurement.
the rumniing skyline used in Current meter and
logging operations. Stream weight are
measurements are taken with suspended from
much of the same equipment the traveling block
and methods that might be used O'r;e:fzbsigurg\:ng
with abridge crare. Similar to - (V-
datta coll lected from other Gerhardt)

suspension systans, a degree of
acaurecy s lost in conparison to
wading data.
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The system is gereral ly goplicable 1o streans less than 100 fest wide. This
limitation is cottrolled by the cablle length of the sounding reell used. Present
instal lations on the Nez Perce Nattional Forest are on 50-60 feet wide streans. Recerit
peak measurements recorded on these streans were a discharge of about 990 cfs
(Rapid River, 5/16/96) and a velocity of 9.2 fps (Little Slate Creek, 5/16/97).

Whi le hand-operated cablenay equipment described in this publication was not
developed by the Nez Perce National Forest, its documentation is obscure. The U.S.
Bureau of Reclamation’s later Measurement Manual (1967) contains a one paragraph
description and photo of a similar cablenay in gperation, but little more. The British
Department of the Environment, Water Data Unit (1978), has published a review of
three portable winches desiigned for use with portable or permanent cablenays.
Described as portable, these winches weigh 80 to 160 pounds.

Mechanical drawings of cablenay systems fram the Lollo National Forest (1979)
and the Montana Department of Natural Resources and Conservation (1976) are
reproduced here, with slight modifications.

Simi lar bank-gperated cabllenay systens are in use across the country. A short
sumary of four of these systems is included for conpleteness. Each has advantages
and disadvantages in ease of instal lation, ease of use, portability, adaost. The
evaluation of these other systems is by no means camprehensive, as the author has no
first-had experience with their gperation.

EquiPMENT NEEDED

The cablenay is constructed of parts manufactured at a machine shop, with
additional parts frana hardhare store.  Instal lation recuires readily available
construction supplies including concrete, cable, cable clamps, and tumbudkles.

The cablenay parts requiring fabrication are described in detail in construction
plans contained in Appendix B.  The posts and pullleys are steel and a majority of the
remaining parts are made of aluminum 1o resist rust.

Measurements are taken with standard stream gaging or sediment sampling
equipment. Operation requires a sounding reel o raise and loner the equipment.
Cable-suspended equipment could include a current meter with sounding weight,
bedload sampler, or suspended sediment sampler, depending on the data desired. A
list of suppliers ad estimated costs is contained in Appendix A.
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DEsIGN

The cablenay consiists of six parts (Figure 2).  An upright steel post is installed on
each bank. On the shore wirth easy access, a pullley-drive housiing is mounted atop the
post. On the far shore the post supports a pulley, the tailhold. Qperated with a hard
crark, the pulley-drive controls the movement of a looped cable that is stretched between
the posts. A traveling block rides on the upper cable loop and is attached to the loner
cable loop. Suspended from this traveling block, the hydrographers” equipment may be
positioned and operated anywhere in the cross section.

Figure 2: Schematic of the cableway system with soundiing reel and current meter in
ue. (D near postwith pulley drive housing, (2) sounding reel, (3) cablenay cable,
(@ souding reel ceble, (5) traveling blodk, (6) cunrent neter, and (7) tailhold on far
post. (J. VarDelater)
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A standard sounding reel, such as an A-55 or B-56, is also attached to fittings on
the near post (Figure 3). The cable from the sounding reel s used to suspend the
measuring equipment, such as a current meter. The cablle is supported by the loner
pulley of the traveling block. Using the sounding reel, the equipment may be raised
and lonered as needed for data collection.  Thus, the horizontal position of the current
meter is controlled by the cablenay crank, whille the vertical movement is controlled by
the soundiing reel..

Figure 3: Key components of the cablenay. Traveling block, sounding reel,
and crank—pulley mechanism. (N. Gerhardt)
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OTHER DESsieNs IN Use

A lighter version cablenay made with a boat winch is in use on the Clearwater and
Idaho Panhandle National Forests in North Idaho. This installation is very
inexpensive. A boat winch may be purchased for as little as $40.00 to replace the
crank-pullley drive housing. The systam is often attached to trees, rodk or other
available structures, reducing setup time.  (Brooks Beegle, Clearwater National Forest,
Orofino, ID)

A campletely portable system has been used by the U.S. Forest Service Pacific
Southwest BExperiment Station. Instead of permanent posts, tripods with guylines
support the equipment. In this way the entire cableway can be moved to temporary,
remote locations. It is set Yo prior o high floas ad then left in place for the season.
(Tom Lisle, Redwood Sciences Laboratory, Arcata, CA)

A sinmple variation of our cablenay is built to aU.S. Ceological Survey (USGS)
design, and marketed by a hydrological equipment supplier. The “USGS Bank-
Operated Cableway’”” uses a static line o suspend the equiprent from the traveling
block. A hand-gperated tow cable is strung beneath the static line on two pulleys ad
is used to position the traveling block and equipment. A sounding reel controls the
vertical motion of the equipment, simillar 1o our design. One advantage of this design
is the ease of using guy-lines on the posts, providing anmore stable system. A 100-foot
span version of this system gererally sells for less than $2,500, not including the
soundiing reel or measurement equipment. (Rickly Hydrological Company, Columbus,
OH.)

The U.S. Geological Survey in Washington has designed a cablenay that works
closely with the B-56 sounding reel . Insteed of being separate, the cablenay cortrol
unit attaches directly 1o the sounding reel without nodification. It provides vertical or
horizortal control with the one reel handle. During horizontal positioning, the
sounding cable is sinultaneously control led, making this job easier ad faster. The
installation is estimated to cost about $2,000.  Still in the design phese, this equiprent
is presently being manufactured for U.S. Geological Sunvey use, but presently it is
unavai lablle for other agencies and private organizations. (John Bowldy, U.S.
Geological Survey, Tachama Field Office, WA.)

For larger installations, double drunwinches are available. The cablenay toners
and main cablle are a heavwy-duty version of the desiign described in this paper and cost
about $10,000. Double drum winches start at $7,500, replacing the need for a B-reel..
One manufacturer is Ott Messtechnik, Germany. These systems are avai lable through
Rickly and through Scientific Instrurents of Milwaukee.
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CaBLEWAY SITE SELECTION

Site selection depends both on the qualities needed for a good discharge or
sediment measurement and on factors affecting the instal lation and operation of the
cablenay. Buchanan and Somers (1969) discuss selection of discharge measurement
sites. Other measurements to be taken may have additional requirements, such as the
chamrel substrates and their effect on bedload measurements. A discussion of site
Tactors that can affect the gperation and strength of the cablenay follons.

Substrates may affect the stability of the posts and resulting cablenay strength.

Rock or boulder sites willl provide a more secure foundation for the posts than sands or
gravel. Post stability can be increased with additional concrete, andhors, and bracing.
Posts may be modified and bolted directly to solid rock.

A person experienced with the chamrel and Its historic stages can provide valuable
knowledge and insight. Consider the 100~year Floodplain to protect the posts from
possible flood damage. The approach 1o the site may become more difficult at high-
weter, but access is only needed to ore side to operate the cablenay. The posts will
need to be positioned so the cablle s perpendicular 1o the vater flow.

The distance between the posts may affect the operation of the cablenay. Span
width is limited by the length of cable on the type of sounding reel used and by the sag
of aweighted cable. The A-55 sounding reel comes equipped with 75 feet of cable,
while the B-56 reel may be equipped with either 115 or 144 feet of cable. As the span
approaches the length of the sounding cablle, the distance the posts are set back from
the high water mark and the height above the high water mark may become important
factors in detemining post placement.

The gotimal post position results in the cable being at a height of six feet above the
water level during the use period, which is comonly high Flows. The water level at
bankfull is a good starting point, with consideration given to how much higher peak
flons might be. A terrace, or abandoned Floodplain, may provide a good site.
Gererally, the higher the cable is above the vater, the less the effort that willl be needed
to horizontal ly position the equiipment at the desired location. Posts set just above
high water willl work; they just require more effort and coordination during operation.
Aweighted cablle comonly sags one or two feet and even more for long spans. In
borderline conditions, computation of cable sag by a structural engineer may be
bereficial .

The position of the cable relative to water levels is especial ly inportant to consider
in rivers used for recreational boating. Cables need to be high enough to avoid
creating dangerous situations for recreational users. Apgpropriate considerations are a
function of the type and anountt of use and may include measures such as signing or
posting outlooks during measuremert periods.

Awork area with good footing willl ease operation and inprove safety at the site.
The cablenay is operated from behind and to the sides of the head block post. A level
space between the head block post and the stream is desirable so measurement
equipment may most easily be transported and attached 1o the cableway. Avoid placing
the cable where you willl have 1o dudk under It 1 acoess the river’s edge, erther when
using the cablenay or during other times of the year. A trail may be needed to move
equipment from your vehicle to the cablenay.
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INSTALLATION OF PosTts AND CABLEWAY

Instal lation should occur when the river can be weded. On-site instal lation time
for one person is approximately four hours to set posts and two hours to install the
pulley mechanisms, cablle and carriiage. The use of concrete willl require a drying
period between each of these steps.  For those less experienced In construction
projects, installation tine may double.

The posts must be firmlly anchored. They need to be set plurb, at a convenient
work height, and so the pulleys are level and aligned with each other.  Forces gpplied to
the posts can quickly reach high levels. Rocky substrates provide the most secure
foundation. Most comonly, the post is set in a hole and Fillled with concrete for a
seaure footing. More concrete is needed for sites with little rodk. As little as two begs
of concrete might be used, but a poor site might regquire a cubic yard or more. A tie-
back with anchor(s) may be used 1o support the tai lhold but should be avoided at the
pullley housing end, where It may interfere with goerations.

Rost Instal latdan:

The top of the head block post should be installed at a height of about four
Teet, alloving the cranks to be gperated easily by both tall and short persons.
Set the tail post so its top is about nine Inches above the top of the head bllock
post. Align the posts so the pulleys willl be directed tonards each other,
minimizing binding of the cable. Brace the posts until the concrete has dried.

Measure the distance between the posts for the cablle.

Allow concrete to cure seven days or more, depending upon the type of
oconcrete used.

Instal lation of the pulley mechaniams, cable ad carriage:

Bolt the main pulley housing atop the near post and the tail pulley on the far
post.

Attach a turmbuckle to each end of the center tie bar of the traveling block.
Clamp the cable to one of the tumbuckles using a thirble and two clamps.
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Feed the frree end of the cablle around the drive pulley and between the two
idler pulleys of the main housing. The cable caming of F the top of the drive
pullley is fed through the traveling blodk, stretiched across the stream, and over
the top of the tail hold pulley (Figure 4).

Attach the ather cable end. With the tumbucklles gpened wide, Teed the free
cable end through the near turmbuckle, stretch the cable as much as possible,
and clamp it in place with the remaining two clamps and thimble.

Adjust the cablenay housiing usiing the slotted hole in the post plate, aligning
the hausing paral lel to the stretched cable ad tail pulley.

Adjust the final tension of the cable wirth the o tumbuckles 1o reduce sag.
Wagner (1995) recommends an unlloaded sag of 2 percent of the line length
for cablenays with manned cablle cars.  Qut of F the excess cable.

Reedjust the tensiion of the new cablle after several uses I necessary, using the

tumbuckles.
Crank :
mechanism . Tc?élt
on post Traveling Tall post
: block pulley
() {«
IV ,
i)
o [ 1)
© “o.. 2 Sounding Velocity
s reel —= meter and
° sounding
weight

Figure 4: Schematiic of the cable routing. The traveling block rides on the upper span of the
main cable. The ends of the main cable are attached to the traveling blodk, controlling its
movement. Equipment is suspended from the traveling block with the sounding reel cable.
(J. VanDelater)
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CaBLEWAY CALIBRATION

Use of the line counter Firttiing descrriibed in the constructiion plans is not
recomended. A means to identify the horizortal location of the traveling block is
needed, but previous use of the line counter on the countter pulley shaft (Appendix B,
sheet 5, part 16) proved unreligble. Slipping of the cable resulted in inaccurate
readings, and year-round exposure to the weather caused the counter to fail.

Instead, the location of instruments in the cross section is gauged by pre-marking
the cable with paint. The cable is most effectively marked during the wadable period
using a measuring tape stretched under the cable whille a sounding reel is inplace and a
soundiing weiight is attached. With the sounding weight aligned with the desired
location on the tape, the upper cable is marked with enamel paint where the cable
enters the pullley housing (Figure 5a & 5b).

On cross sections that are normal ly measured at lov Flows directly under the cable,
the author prefers to have the measuring tape attached to the same bank pins
customari ly used during wading measurements. This alloas cross sections to be
compared more easily.

Two-foot markings are appropriate for streams about 50 feet wide. Ten-foot
intenvals are marked in one color, and two-foot intervals in a second color. During
operation, distances are estimated between the marks.

Pairnt pens, similar to marking pens, are neatt and efficient. Sporay paint is also
effective when used with a cardboard stencill . Paiint marks may need to be refreshed
anally.

Figure 5a & 5b: Marking cable for horizontal location. Paint marks on the cable allow the
equipment to be positioned accurately in the cross section. &) Hydrographer positions the
traveling block at desired location prior to marking cable. b) Marking the cable with a paint
pn. . Paradiso)
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CaBLEWAY OPERATION

Discharge measurements and sediment sample col lections are taken using standard
equipment and technigues (Buchanan and Somers, 1969). The operation protocols
used on the Nez Perce National Forest are included in Appendix C.

The sounding reel is attached o the mount on the head block post (Figure 6). It
is installed and removed on each visit to allow use at other sites and avoid theft or
vandalism. The reel cable is attached 1o the traveling block by removing the loner
sheave, Teeding the sounding cablle through, and replacing it (Figure 7). For disdharge
measurements, the current meter and sounding weight are used, attaching them to the
end of the sounding cable. The current meter and sounding weightt can be replaced
with an integrated depth sampler or bedload sanpler, for suspended sediment or
bedload measurements.

Figure 6 Head block post. Pulley housing
remains on site between visits, but the
sounding reel is removed.  (J- Paradiso)
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Figure 7: Attaching the sounding cable to traveling block. The sheave is
removed and replaced to attach the cable prior to use.  (B. Beeggle)

The equipment is positioned at the
partial section to be measured, using the
markings on the cable. This requires
operating both the cablenay and reel
handles, feeding line out with the sounding
reel as the block is moved out with the
cablenay crank (Figure 8). Coordination is
required to move the equipment into
position, tuming the two cranks
simultaneously. When using 50 pound or
heavier sounding weights, setting and
retrieving sampling equipmert from wide
streans may be slow and tiring. The
operation is best shared by two persons
working in unison, each on one of the
control hardlles.

Figure 8: Hydrographer’s view.
Operation of the two handles needs
to be coordinated to move the

equipment. (N. Gerhardt)
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Safety precautions need to be taken when operating the cablenay. High Flows and
moving debris can apply large stresses to the components of the system. The ratchet
pawl locking the horizontal location of the traveling pulley must operate freely. I it
sticks in the up position while moving the main cable, the handle may spin wildly, with
force, when released.

The vertical placement, or depth, of the current meter is set with the depth
indicator of the sounding reel . The depth indicator is set to zero as the bottom of the
weight (or the current meter aups) touches the watter surface. It is read again when it
touches the stream bottom.  The meter is then raised to the appropriate depth,
acoounting for the distance separating the meter and the weight.

The horizortal angle of the current meter is hard to assess and must be estimated
fran the shore.

During peak flows, high water velocities and floating debris can further complicate
operations. Erratic movement of the samplers can be reduced by moving them quickly
through the faster, upper levels of the stiream.  Large boulders can interfere with the
placement of samplers, and some willl cause the sanplers to tilt ad ruin the sarple.
These locations need to be avoided. Watch upstiream for floating debris, being
prepared to 1ift the sampler to avoid being snagged.

Transit rates for depth-integrated suspended-sediment measurements can be
calculated using revolutions of the sounding reel. The A-55 reel has a drum
circunference of 1 foot, the B-56 reel a circunference of 1.5 feet. Thus when using a
B-56 reel, the handle is tumed once each second for a 1.5 fps transit rate.

Bedload samples collected with a Hel ly Snirth sampler involve the same challlenges
for the gperator as any cable system. High flons can cause rapid erratic movement as
the sapller is lonered through the water colum.  Fast velocities near the surface will
pull the sarpler domnstream. As the sanpler passes into the sloner velocities near the
bottom, Ttwill swing in under the suspension point, potertial ly scooping bottom
materials and contaminating the sample. The gperator must leam to loner the sapler
to awoid this. Whille experience willl be the best teacher, in gereral the sanpler is
lonered quickly through the fast water, or to about 2/3 of the depth. Then It is
lonered more slowly in the deeper, slowwater, alloving the sarpler to swing back
usstream. Finally, it is lonered the last increment to the bottom.

Following use, the sounding equipment, including the sounding reel, is removed
from the site.  The traveling block may be positioned near the middle of the stream
and the cable locked In place with a cable clanp, or a chain and padlock may be used
1o lock the traveling block to the main housing.
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MODIFICATIONS

In constructing the pullley housiing, block and tailhold, consider the needs of your
situation and make modifications when appropriate. Some suggestions below are
untried. The described parts are referenced by numbers as they appear on the
construction drawings In Appendix B.  These suggestions include:

1

USDA Forest Service RMRS GTR RM--000. 1999.

Weld the sides of the housiing, reducing the time and expense of drilling ad
taping for fastening screns (7).

Eliminate the idler pulley (9) and/or the counter pulley (10) in the housing.
This may result in the cable slipping, but aircraft grade cable may help reduce
this. The groove in the drive pullley (8), sounding sheave (B2), ad tail sheave
(60) must match the cable diareter.

One—eiighth inch cablle has been used successfully for the applications on the
Nez Perce National Forest. Larger streans may require a heavier cable. A
structural engineer can determine the forces exerted for a system. The breaking
strength of the sounding cable is considered in designing the loed gpplied to
the systam, reflectiing the possibillity of snagging floating debris during
measurements. The breaking strength of the B-56 sounding cable is 1,600
pounds. For a more complete discussion, see Wagner (1995).

A cover for the pulley housing may be desirable 1o prevent debris, such as
conifer needles, fram accumullating in the mechaniism, and also deter vandalism.
An open-ended box that slips over the pulley housing from the top would
prevent the handle firom being tumed. Attachments to hold a padlock beneath
the cable woulld secure this cover to the housing.

Wirth no line counter, the counter shaft (16) could be sinplified by eliminating
the portion of the counter shaft thatt protrudes fraom the right housing side.

Modify the cablle sheaves (49) of the traveling block assarbly. The sheave on
the near side bears most of the weiight and resulting stress and wear. A 3/8"
ID ball bearing could replace the bronze bearing (1) specified. The cable
pulley (50) woulld need 1o be machiined to accept the ball bearing.

The design of the traveling block assenbly (35) coulld be modified. As
pictured in Figure 7, the botttom spacer (43) has been dropped, and the sides
sinplified. Parts (37), (38), (45), (46), and (47) have been carbined into one
piece. The back (36) is modified and similar to the front plate.

A further sinplification of the traveling block assarbly (35) is to eliminate one
of the cable sheaves (49). The remaining sheave would be positioned in the
middle of the certer tie bar (40). Two plates would hold the single cable
sheave above and the sounding sheave below.

One of the 3/8" x 16" tumbuckles could be eliminated. This cost-saving
measure woulld reduce the range of adjustment avai lable and may make It
difficult to tighten the cablle.
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APPENDIX A- SUPPLIES AND SUPPLIERS

Installation of posts:

head block post
tail blodk post

(4 bags of redimix concrete

N B H [

Tools & miscellaneous: Post hole digger or shovels. Lumber may be used to
brace the posts as the concrete driies.  Sans or axes if the siite needs 1o be cleared
of brush. Carpenter’s level or plurb bob. Waders to cross the stream.  Sunvey
bd.

Instal lation of pulley blodks ad carriage:

M head blodk, tail blodk, ad carriage

M 1/8 inch wire rope/cable - aircraft grade cable twice the distance between the
posts, with an additionall 5-10 feet.

M (@) 1/8 inch cable clamps

M (@) 1/8 inch ceble thinbles

M (2) % inch X 16 inch turmbuckles
M Tools: wrenches, cable cutter

Calibration:
M (2 oolors of enamel paints (paint pens or spray cans)
M measuring tape or tagline (1007)
M sounding reel

M sounding weight
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Operation:

Other available instruments and models are compatible with our cablenay. These
may be used depending on the measurements desired and sittuation. A suggested list:

Item Model Estimated Cost

sounding reel B-56 $1,900.00

current meter Price AA $ 745.00

sounding weight 50C $ 27/5.00

suspended sediment sampler D74 $1,370.00

bedload sampler BL84 $ 750.00
Hydrological equipment suppliers:

These suppliers are for reference only. Use of trade nares s for the conveniience of
the reader and does not constitute endorsement by the USDA Forest Service. These
products are reither tested nor endorsed by the author .

Rickly Hydrological Company

2710 Joyce Avenue
Columbus, OH 43211
(614)475-8310

Scientific Instrunents
518 West Cherry Street
Milwaukee, WI 53212
(414) 263-1600

Federal agencies may obtain equipment through:

U.S. Geological Suney

Hydrological Instrurentation Fecillity

Building 2101

Stennis Space Center, MS 39529-6000

1-800-382-0634

Federal Interagency Sedimentation Project

Waterways Experiment Station

3909 Halls Ferry Road
Vicksburg, MS 39180-2721
(601) 634-2721
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ArPPENDIX B:- CaABLEWAY PLANS

A Full-sized set of scaled AutoCAD plans (*.dwg format) as
well as standard graphics files (*.tif format) for printing
are available for downloading from the internet from the
Stream Systems Technology Center web page at http://
www.stream.fs.fed.us. Copies of the plans can also be
obtained from the USDA Forest Service, Rocky Mountain Research

USDA Forest Service RMRS GTR RM--000. 1999. m
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A Bank-Operated Traveling-Block Ceble/\aQ\ for Stream Discharge and Sediment Measurements

Station, Stream Systems Technology Center, 240 West Prospect
Road, Fort Collins, CO 80526.

ArPENDIX C:
Usine THE BaNk—OPERATED
CABLEWAY

SURFACE WATER MONITORING
UsiNne THE BANK—=OPERATED CABLEWAY

Nez Perce National Forest

RonTorretta, JimParadiso

March 1999

Background

Protocols on the Forest have developed based upon standard documented
procedures such as Buchanan and Somers (1969). Additional refinements have been
mede after consulting with the local U.S. Geological Suney, adjacent National Forests,
and the USFS Boise Adjudication Team. Being locally refined, the use of the protocols
in this paper may not be gopropriate in all situations.

Surface water is monitored at eight locations on the Nez Perce National Forest.
Sare or all of the Tollowving data are collected at each of the monitoring sirtes:
discharge, suspended sediment, turbidity, air and water temperature, conductivity, ad
bedload.

Procedures used when conducting a cablenay measurement include most of the
sane standard steps used for a wading measurement.  Initial setup includes checking
the ogperation of the stage recorder.  The beginning tine is recorded, asvell as stage
measureTents on the recorder, the staff gage, and insice the stilling vell.

USDA Forest Service RMRS GTR RM--000. 1999. m



A Bark-Qperated Travel ing-Block Cablenay / for Stream Discharge and Sedimernt Measurements

Cable measurement periods

Cable measurements are performed whenever the stream or
river to be gaged has flows that make gaging via the wading
method impossible, impractical, or unsafe. The general rule
is to avoid wading in the water any time the product of the
velocity (feet per second) and the depth of the water (in
feet) iIs greater than ten.

Discharge

Continuous discharge is recorded at the sites with Stevens
A-71 or A-35 recorders mounted on stilling wells.
Instantaneous discharge is monitored using standard U.S.
Geological Survey (USGS) methods as described in “Techniques
of Water-Resource Investigations of the USGS”, Book 3,
Chapters A8 and A6. These data are collected by wading
measurement during low flows, using either a Price AA or Pygmy
current meter. The Price current meter is suspended from a
bridge crane or cableway during high Fflows.

The current meter s tested before and after use for acoeptable operation. For the
Price AA meter, minimum spin time of 17 30" is needed in the field. Discharge
measurements are recorded on the USGS form #9-275-F, Discharge Measurement
Notes, comonlly referred to as "gHotes.” The start and finish times are recorded for
discharge, bedload, and suspended sediment measurements. While taking discharge
measurements, the tine is also recorded every 10 minutes, especially if the water levels
appear to be fluctuating. Right Edge Water (REV) or Left Edge Water (LEW), as seen
when facing doamnstream, is recorded on the g-ote next to the partial section data.
The Distance Fram Initial Point (OFIP), width, depth, velocity, area, and disdharge
measurements are recorded and/or calculated the same as for a wading measurement.

The partial sections are measured and then summed for the total discharge, as ina
wading measurement. Each partial section should contain no more than 5% of the
total flov. The section widths are varied to acoarplish this, being narroner in degper-
higher velocity portions of the stream and wider in the shallorer-sloner portions of the
stream. Usually 25-30 total measurements are taken. Measurements are taken
beginning at one edge of water and cortinuing to the other edge.

Set up

During periods of high floas, stations equipped with bank—operated cablenays
most often use a Price AA current meter suspended one foot above a 75 pound
Columbus weight. Due to the high velocities, and resulting erratic movement with
subsequent damage to equipment, the use of a 30# C weightt (0.5" suspension) is rarely
used at these sites.  Set up the cable sounding reel assenbly wirth the Collumbus weiight
and Price AA meter suspended. Check the headphones before moving the equipment
into position.

m USDA Forest Service RMRS GTR RM-000. 1999.



A Bank-Operated Traveling-Block Ceble/\aQ\ for Stream Discharge and Sediment Measurements

Observation depths

Cable measurements on the Nez Perce National Forest are taken in partial sections
with depths that comonlly range from zero to about five feet deep. Velocity
measurenents are typical ly taken at 6/10 of the distance from the water’s surface to
the stream bottam, but may be taken at the surface, 2/10, or 8/10 depending on
ciraunstances described below.

Inpartial sectias lIess then 1.2 feet deep, velocities are estinated, d.e to
limitatiors of the meter/Meight combination. Use of the price meter is
avoided when the cups cannot be completely submerged. On these shalllow
sections, the velocity is estimated by visually conparing the movement of the
wetter 1o a deeper nearby sectiion that is measurable, and recording an "e” in the
observation depth column of the g-note. If that is not
possible, a surface velocity is taken with the Price
meter (recording an "s" in the observation depth column
of the g-note). Measurements taken at the surface are
corrected using a 0.87 correction factor.

In partial sections between 1.2" and 1.9" deep, the measurement Is considered a
0.2 depth observation. \When a 0.2 depth dbservation is the only measurement
inavertical, a0.87 correction factor is used to convert the measured velocity to
the average for the colum. For exanple, a elocity of 6.84 feet per secod
(fps) measured at the point is corrected to a velocity of 5.95 fps as the mean in
\atal.

In partial sections between 2.0 to 2.3 degp, the measuremantt Iis recorded as a
0.5 depth observation. No correction is made, but the notation acknovledges
that the measurement is not a true 0.6 depth measurement.

In partial sections between 24" 1 5.0" deep, a 0.6 depth doservation is taken.
No correction is necessary to convert the reading to the mean in the vertical .

On depths over 5.0 feet, the velocity is measured at both the 0.2 and 0.8
doservation points. These two readings are averaged for the mean invertical.

The hydrographer may find it convenient to sumarize the above information on a
table to facilitate field use.

Setting the dbservation depth
The depth of the Priice meter is set using the dial indicator on the sounding reel.

USDA Forest Service RMRS GTR RM--000. 1999.

Zero the meter with the bottom of the weight _just touching the water’s surface.
Thiis has been found easiier in high velocity water, than zeroing with the meter
at the waters surface.

Lower the equipment to the stream bottom, reading and recording the depth
franthe dial .



A Bark-Qperated Traveling-Block Cdole/\ay/for Stream Discharge and Sediment Measurements

e Raise the equipment to the appropriate depth for the
measurement, using the dial on the meter.

Additional corrections to velocity

Suspension anglle coefficients to correct for downstream drift are assumed to be
1.0. Cable length is not enough to significantly affect actual stream depth vs.
measured depth. Horizormtal angle corrections of the water are difficult to determine
from a vantage poirnt on a stream bank. This correction is mede for water that is not
Flowing perpendicular to the cross section.  The horizontal angle coefficiant is assumed
to be 1.0 unless the dbosenver can detect a more accurate angle from the dbservation

positian.

Suspended sediment

Suspended sediment (SS) samples are collected using the Equal Width Increment
(EWD) method. Procedures are simillar to those used when conducting SS
measurements while wading, and described in Edwards and Glysson (1988).

e Al partial sections for sarpling have the same width.

e Collect 10 BN suspended sediment sanples for all partial sections with a
downstream flow.

*  Select an gopropriate sized nozzle ad establish a transit rate for lorering ad
raising the sampler to collect 24 bottles of SS for analysis. The transit rate
must be consistent for all sections and must not allow a bottle o overfill inany
e section.

* Use the sounding reel to loner and raise the D79 suspended sediment sampler.
Transit rates for depth-integrated suspended-sediment measurements can be
calculated using revolutions of the sounding reel. The A-55 reel has a drum
circunference of 1 foot and the B-56 reel a circunference of 1.5 feet. Thus,
when using a B-56 reel, the handle is tumed once each second for a 1.5 fps
tasitrate.

Air/ater temperatures and conductivity measurements are made after the
suspended sediment saples are taken, since there is a relationship between water
temperature and anount of SS that the water holds. The automatic (IS0) sampler, if
present, should be serviced/changed next and an 1S00 calibration sample collected to
correlate with the SS samples collected across the stream danrel ..

Bedload

m USDA Forest Service RMRS GTR RM-000. 1999.



A Bank-Operated Traveling-Block Ceble/\aQ\ for Stream Discharge and Sediment Measurements

The bedload sample is also collected using the EWI method.
The sounding reel is used to raise and lower the bedload
sampler.

*  Approximately twenty subsanples are collected. The subsamples are stored for
lab analysis as oe saple.

* The bedload sampler is positioned on the stream bottom for 60 seconds at each
location.

*  Record any special circunstances in the notes. Subsanples are taken only In
verticals with positive \elocities.  In places where the sanpller cannot be placed
on the strearbed due 1o boulders or other dbstructions, the subsample may
have 1o be foregone.

Close station

Ore last record of all stage indicators (outside gage, pullley, inside gage or
tapedown, and pen) should be recorded, both on the chart and the Q-hotes sheet,
before leaving the site. The strip dhart shoulld be reset to correct time and gage heiight
before leaving, If necessary. Record any adjustments made on the log and Q-note
deets.

Remove the sounding reel and lock the cable to deter vandalism.
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	Land managers have a continuing need to measure streamflow and sediment, both. in unalteredsettings and for monitoringresponse to managementactivities. Collecting. discharge and sediment data at high flows may be neglected in some situations. This. may bedueto safety considerationsassociated withwading, ordueto a lack of bridges. or otheravailablestructure crossing the stream. Ahand-operatedcablewaywith. traveling block system has been used by the Nez Perce National Forest since 1977.. Theseinstallationsall
	Asriverstagerises,safetyofthehydrographerwhocollectsdatabecomesan. increasing concern. The common rule-of-thumb is to avoid wading in streams when. theproduct of thedepth(infeet)andthewater velocity(infeetpersecond)exceeds. 
	10. The use of temporary bridges and platforms can reduce the risk of an accident. occurring during in-stream measurements, but at the same time it may provide forest. visitorswithahazardous setting. Thesystemdescribed inthispaperhelpsavoidboth. ofthesesituations.. 
	The system in use on the. Nez Perce National Forest. consistsofaloopedcable. stretchedacrossastream. channel and suspended from. twosupportpoststhatare. permanentlyinstalledon. opposite stream banks. The. cabletravelsaroundacrank-.operated drive on one bank and. a pulley on the other end. This. allows measurement equipment. to be moved out over the. desiredlocationinthestream. onatravelingblock(Figure1).. Thistravelingblocksystemhas. similaroperatingprinciplesto. therunningskylineused in. logging operations
	The system in use on the. Nez Perce National Forest. consistsofaloopedcable. stretchedacrossastream. channel and suspended from. twosupportpoststhatare. permanentlyinstalledon. opposite stream banks. The. cabletravelsaroundacrank-.operated drive on one bank and. a pulley on the other end. This. allows measurement equipment. to be moved out over the. desiredlocationinthestream. onatravelingblock(Figure1).. Thistravelingblocksystemhas. similaroperatingprinciplesto. therunningskylineused in. logging operations
	Figure

	Current meter and. weight are. suspended from. thetravelingblock. on the sounding. reelcable. (N.. Gerhardt). 
	FigureFigureFigureFigureFigure 
	1:1:1:1:1: 
	CablewayCablewayCablewayCablewayCableway. 
	readyreadyreadyreadyready 
	forforforforfor. 
	dischargedischargedischargedischargedischarge. 
	measurement.measurement.measurement.measurement.measurement.. 

	11111 
	Thesystemisgenerallyapplicabletostreamslessthan100feetwide. This. limitationiscontrolledbythecablelengthofthesoundingreelused. Present. installations on the Nez Perce National Forest are on 50–60 feet wide streams. Recent. peak measurements recorded on these streams were a discharge of about 990 cfs. (Rapid River, 5/16/96) and a velocity of 9.2 fps (Little Slate Creek, 5/16/97).. 
	While hand-operated cableway equipment described in this publication was not. developed by the Nez Perce National Forest, its documentation is obscure. The U.S.. Bureau of Reclamation’s Water Measurement Manual (1967) contains a one paragraph. descriptionandphotoofasimilarcablewayinoperation,butlittlemore. TheBritish. Department of the Environment, Water Data Unit (1978), has published a review of. three portable winches designed for use with portable or permanent cableways.. Described as portable, these wi
	Mechanical drawings of cableway systems from the Lolo National Forest (1979). and the Montana Department of Natural Resources and Conservation (1976) are. reproducedhere,withslightmodifications.. 
	Similar bank-operated cableway systems areinuse across thecountry. A short. summary of four of these systems is included for completeness. Each has advantages. anddisadvantagesineaseofinstallation,easeofuse,portability,andcost. The. evaluation of these other systems is by no means comprehensive, as the author has no. first-handexperiencewiththeiroperation.. 
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	The cableway is constructed of parts manufactured at a machine shop, with. additionalpartsfromahardwarestore. Installationrequiresreadilyavailable. constructionsuppliesincludingconcrete,cable,cableclamps,andturnbuckles.. 
	Thecablewaypartsrequiringfabricationaredescribedindetailinconstruction. plans contained in Appendix B. The posts and pulleys are steel and a majority of the. remaining parts are made of aluminum to resist rust.. 
	Measurements are taken with standard stream gaging or sediment sampling. equipment. Operation requires a sounding reel to raise and lower the equipment.. Cable-suspended equipment could include a current meter with sounding weight,. bedload sampler, or suspended sediment sampler, depending on the data desired. A. listofsuppliersandestimatedcostsiscontainedinAppendixA.. 
	22222 

	DDDDD
	DDDDD
	DDDDD
	DDDDD
	ESIGNESIGNESIGNESIGNESIGN. 


	Thecablewayconsistsofsixparts(Figure2). Anuprightsteelpostisinstalledon. each bank. On the shore with easy access, a pulley-drive housing is mounted atop the. post. Onthefarshorethepostsupportsapulley,thetailhold. Operatedwithahand. crank, the pulley-drive controls the movement of a loopedcable that is stretched between. theposts. Atravelingblockridesontheuppercableloopandisattachedtothelower. cable loop. Suspended from this traveling block, the hydrographers’ equipment may be. positionedand operated anywhe
	Figure
	(1)nearpostwithpulleydrivehousing,(2)soundingreel,(3)cablewaycable,. 
	FigureFigureFigureFigureFigure 
	2:2:2:2:2: 
	SchematicSchematicSchematicSchematicSchematic 
	ofofofofof 
	thethethethethe 
	cablewaycablewaycablewaycablewaycableway 
	systemsystemsystemsystemsystem 
	withwithwithwithwith 
	soundingsoundingsoundingsoundingsounding 
	reelreelreelreelreel 
	andandandandand 
	currentcurrentcurrentcurrentcurrent 
	metermetermetermetermeter 
	ininininin. 
	use.use.use.use.use. 

	(4)soundingreelcable,(5)travelingblock,(6)currentmeter,and(7)tailholdonfar. post. (J. VanDeWater). 
	33333 
	A standard soundingreel, such as an A-55 or B-56,isalso attached to fittings on. the near post (Figure 3). The cable from the sounding reel is used to suspend the. measuring equipment, such as a current meter. The cable is supported by the lower. pulley of the traveling block. Using the sounding reel, the equipment may be raised. andlowered asneeded for data collection. Thus, the horizontal positionofthecurrent. meteriscontrolled bythe cableway crank,whilethe vertical movement iscontrolled by. thesoundingre
	A standard soundingreel, such as an A-55 or B-56,isalso attached to fittings on. the near post (Figure 3). The cable from the sounding reel is used to suspend the. measuring equipment, such as a current meter. The cable is supported by the lower. pulley of the traveling block. Using the sounding reel, the equipment may be raised. andlowered asneeded for data collection. Thus, the horizontal positionofthecurrent. meteriscontrolled bythe cableway crank,whilethe vertical movement iscontrolled by. thesoundingre
	Figure
	Traveling block, sounding reel,. and crank-pulley mechanism. (N. Gerhardt). 
	FigureFigureFigureFigureFigure 
	3:3:3:3:3: 
	KeyKeyKeyKeyKey 
	componentscomponentscomponentscomponentscomponents 
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	thethethethethe 
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	A lighter version cableway made with a boat winch is in use on the Clearwater and. Idaho Panhandle National Forests in North Idaho. This installation is very. inexpensive. A boat winch may be purchased for as little as $40.00 to replace the. crank-pulleydrive housing. The system is often attached to trees, rock or other. available structures, reducing setup time. (Brooks Beegle, Clearwater National Forest,. Orofino, ID). 
	A completely portable system has been used by the U.S. Forest Service Pacific. Southwest Experiment Station. Instead of permanent posts, tripods with guylines. support the equipment. In this way the entire cableway can be moved to temporary,. remotelocations. Itissetuppriortohighflowsandthenleftinplacefortheseason.. (Tom Lisle, Redwood Sciences Laboratory, Arcata, CA). 
	A simple variation of our cableway is built to a U.S. Geological Survey (USGS). design, and marketed by a hydrological equipment supplier. The “USGS Bank-.Operated Cableway” uses a static line to suspend the equipment from the traveling. block. A hand-operated tow cable is strung beneath the static line on two pulleys and. is used to position the traveling block and equipment. A sounding reel controls the. vertical motion of the equipment, similar to our design. One advantage of this design. is the ease of 
	The U.S. Geological Survey in Washington has designed a cableway that works. closely with the B-56 sounding reel. Instead of being separate, the cableway control. unitattachesdirectlytothesoundingreelwithoutmodification. Itprovidesverticalor. horizontal control with the one reel handle. During horizontal positioning, the. sounding cable is simultaneously controlled, makingthis job easier andfaster. The. installationisestimatedtocostabout$2,000. Stillinthedesignphase,thisequipment. is presently being manufac
	For larger installations, double drum winches are available. The cableway towers. and main cable are a heavy-duty version of the design described in this paper and cost. about $10,000. Double drum winches start at $7,500, replacing the need for a B-reel.. One manufacturer is Ott Messtechnik, Germany. These systems are available through. Rickly and through Scientific Instruments of Milwaukee.. 
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	Site selection depends both on the qualities needed for a good discharge or. sedimentmeasurement and on factors affectingtheinstallation and operationof the. cableway. Buchanan and Somers (1969) discuss selection of discharge measurement. sites. Other measurements to be taken may have additional requirements, such as the. channelsubstratesand theireffecton bedloadmeasurements. Adiscussionof site. factorsthatcanaffecttheoperationandstrengthofthecablewayfollows.. 
	Substratesmayaffectthestabilityofthepostsandresultingcablewaystrength.. Rock or boulder sites will provide a more secure foundation for the posts than sands or. gravel. Poststabilitycanbeincreasedwithadditionalconcrete,anchors,andbracing.. Posts may be modified and bolted directly to solidrock.. 
	Apersonexperiencedwith thechannelanditshistoric stagescanprovide valuable. knowledge and insight. Consider the 100-year floodplain to protect the posts from. possible flood damage. The approach to the site may become more difficult at high-.water,but accessisonly neededtoonesidetooperatethe cableway. The postswill. needtobepositionedsothecableisperpendiculartothewaterflow.. 
	The distance between the posts may affect the operation of the cableway. Span. width is limited by the length of cable on the type of sounding reel used and by the sag. of a weighted cable. The A-55 sounding reel comes equipped with 75 feet of cable,. while the B-56 reel may be equipped with either 115 or 144 feet of cable. As the span. approachesthelength ofthesounding cable, the distancetheposts aresetback from. the high water mark and the height above the high water mark may become important. factorsin d
	Theoptimalpostpositionresultsinthecablebeingataheightofsixfeetabovethe. water level during the use period, which is commonly high flows. The water level at. bankfull is a good starting point, with consideration given to how much higher peak. flows might be. A terrace, or abandoned floodplain, may provide a good site.. Generally,thehigherthecableisabovethewater,thelesstheeffortthatwillbeneeded. tohorizontallypositiontheequipmentatthedesiredlocation. Postssetjustabove. highwaterwill work;they just require mor
	Thepositionofthecablerelativetowaterlevelsisespeciallyimportanttoconsider. in rivers used for recreational boating. Cables need tobe highenough toavoid. creatingdangeroussituationsforrecreationalusers. Appropriateconsiderationsarea. function of the type and amount of use and may include measures such as signing or. posting outlooks during measurement periods.. 
	A workareawithgoodfooting will ease operation and improve safety at the site.. The cableway is operated from behind and to the sides of the head block post. A level. space between the head block post and the stream is desirable so measurement. equipment may most easily be transported and attached to the cableway. Avoid placing. thecablewhere you will have to duck underit to accesstheriver’s edge,either when. using the cableway or during other times of the year. A trail may be needed to move. equipment from 
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	Installation should occur when the river can be waded. On-site installation time. for one person is approximately four hours to set posts and two hours to install the. pulley mechanisms, cable and carriage. The use of concrete will require a drying. period between each of these steps. For those less experienced in construction. projects,installationtimemaydouble.. 
	The posts must be firmly anchored. They need to be set plumb, at a convenient. work height, and so the pulleys are level and aligned with each other. Forces applied to. the posts can quickly reach high levels. Rocky substrates provide the most secure. foundation. Most commonly, the post is set in a hole and filled with concrete for a. securefooting. Moreconcreteisneededforsiteswithlittlerock. Aslittleastwobags. of concrete might be used, but a poor site might require a cubic yard or more. A tie­back with an
	PostPostPostPostPost
	PostPostPostPostPost
	PostPostPostPostPost
	Installation:Installation:Installation:Installation:Installation:. 

	¨. The top of the head block post should be installed at a height of about four. feet,allowingthecrankstobeoperatedeasilybybothtallandshortpersons.. Set the tail post so its top is about nine inches above the top of the head block. post. Alignthepostssothepulleyswillbedirectedtowardseachother,. minimizing binding of the cable. Brace the posts until the concrete has dried.. 
	¨. Measure the distance between the posts for the cable.. 
	¨. Allow concrete to cure seven days or more, depending upon the type of. concreteused.. 

	InstallationInstallationInstallationInstallationInstallation 
	InstallationInstallationInstallationInstallationInstallation 
	InstallationInstallationInstallationInstallationInstallation 
	ofofofofof 
	thethethethethe 
	pulleypulleypulleypulleypulley 
	mechanisms,mechanisms,mechanisms,mechanisms,mechanisms, 
	cablecablecablecablecable 
	andandandandand 
	carriage:carriage:carriage:carriage:carriage:. 

	¨. Bolt the main pulley housing atop the near post and the tail pulley on the far. post.. 
	¨. Attach a turnbuckle to each end of the center tie bar of the traveling block.. Clamp the cable to one of the turnbuckles using a thimble and two clamps.. 
	77777 
	¨. Feed the free end of the cable around the drive pulley and between the two. idler pulleys of the main housing. The cable coming off the top of the drive. pulleyisfedthroughthetravelingblock,stretchedacrossthestream,andover. thetopofthetailholdpulley(Figure4).. 
	¨. Attach the other cable end. With the turnbuckles opened wide, feed the free. cable end through the near turnbuckle, stretch the cable as much as possible,. and clamp it in place with the remaining two clamps and thimble.. 
	¨. Adjust the cableway housing using the slotted hole in the post plate, aligning. thehousingparalleltothestretchedcableandtailpulley.. 
	¨. Adjust the final tension of the cable with the two turnbuckles to reduce sag.. Wagner (1995) recommends an unloaded sag of 2 percent of the line length. for cableways with manned cable cars. Cut off the excess cable.. 
	¨. Readjustthetensionofthenewcableafterseveralusesifnecessary,usingthe. turnbuckles.. 
	Figure
	The traveling block rides on the upper span of the. main cable. The endsofthemaincable are attachedtothetraveling block,controllingits. movement. Equipment is suspended from the traveling block with the sounding reel cable.. 
	FigureFigureFigureFigureFigure 
	4:4:4:4:4: 
	SchematicSchematicSchematicSchematicSchematic 
	ofofofofof 
	thethethethethe 
	cablecablecablecablecable 
	routing.routing.routing.routing.routing. 

	(J. VanDeWater). 
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	Useofthelinecounterfittingdescribedintheconstructionplansisnot. recommended. A means to identify the horizontal location of the traveling block is. needed, but previous use of the line counter on the counter pulley shaft (Appendix B,. sheet5,part16)provedunreliable. Slippingofthecableresultedininaccurate. readings, andyear-roundexposure tothe weather caused thecounterto fail.. 
	Instead,the locationof instrumentsinthe crosssection isgaugedby pre-marking. the cablewith paint. The cable is most effectively markedduring thewadableperiod. using a measuring tapestretchedunder the cable whileasoundingreelis inplace and a. sounding weight is attached. With the sounding weight aligned with the desired. location on the tape, the upper cable is marked with enamel paint where the cable. enters the pulley housing (Figure 5a & 5b).. 
	On cross sectionsthat arenormally measuredatlowflowsdirectly underthe cable,. the author prefers to have the measuring tape attached to the same bank pins. customarily used during wading measurements. This allows cross sections to be. compared more easily.. 
	Two-foot markings are appropriate for streams about 50 feet wide. Ten-foot. intervalsaremarked inonecolor,and two-footintervalsin asecondcolor. During. operation,distances are estimated betweenthemarks.. 
	Paintpens,similartomarkingpens,areneatandefficient. Spraypaintisalso. effective when used with a cardboard stencil. Paint marks may need to be refreshed. annually.. 
	Sect
	Figure

	Figure
	Paint marks on the cable allow the. equipment to be positioned accurately in the cross section. a) Hydrographer positions the. travelingblockatdesiredlocationpriortomarkingcable. b)Markingthecablewithapaint. pen. (J.Paradiso). 
	FigureFigureFigureFigureFigure 
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	5b:5b:5b:5b:5b: 
	MarkingMarkingMarkingMarkingMarking 
	cablecablecablecablecable 
	forforforforfor 
	horizontalhorizontalhorizontalhorizontalhorizontal 
	location.location.location.location.location. 
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	Discharge measurements and sediment sample collections are taken using standard. equipment and techniques (Buchanan and Somers, 1969). The operation protocols. used on the Nez Perce National Forest are included in Appendix C.. 
	The sounding reel is attached to the mount on the head block post (Figure 6). It. isinstalledandremovedoneachvisittoallowuseatothersitesandavoidtheftor. vandalism. Thereel cable is attached to the traveling block by removing the lower. sheave, feedingthe sounding cable through, andreplacingit (Figure7). For discharge. measurements, the current meter and sounding weight are used, attaching them to the. end of the sounding cable. The current meter and sounding weight can be replaced. with an integrated depth 
	Figure
	Pulley housing. remainsonsitebetweenvisits,butthe. soundingreelisremoved. (J.Paradiso). 
	FigureFigureFigureFigureFigure 
	6:6:6:6:6: 
	HeadHeadHeadHeadHead 
	blockblockblockblockblock 
	post.post.post.post.post. 
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	ABank-OperatedTraveling-BlockCableway forStreamDischargeandSedimentMeasurements 
	Figure
	The sheave is. removed and replaced to attach the cable prior to use. (B. Beegle). 
	FigureFigureFigureFigureFigure 
	7:7:7:7:7: 
	AttachingAttachingAttachingAttachingAttaching 
	thethethethethe 
	soundingsoundingsoundingsoundingsounding 
	cablecablecablecablecable 
	tototototo 
	travelingtravelingtravelingtravelingtraveling 
	block.block.block.block.block. 

	The equipment is positioned at the. partialsectiontobemeasured,usingthe. markings on the cable. Thisrequires. operating both the cableway and reel. handles, feeding line out with the sounding. reel as the block is moved out with the. cableway crank (Figure 8). Coordination is. required to move the equipment into. position, turningthetwocranks. simultaneously. When using 50 pound or. heavier sounding weights, settingand. retrieving sampling equipment from wide. streams may be slow and tiring. The. operation 
	Operation of the two handles needs. to be coordinated to move the. equipment. (N. Gerhardt). 
	FigureFigureFigureFigureFigure 
	8:8:8:8:8: 
	Hydrographer’sHydrographer’sHydrographer’sHydrographer’sHydrographer’s 
	view.view.view.view.view.. 
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	Safety precautions need to be taken when operating the cableway. High flows and. moving debris can apply large stresses to the components of the system. The ratchet. pawllockingthehorizontallocationofthetravelingpulleymustoperatefreely. Ifit. sticks inthe upposition while moving the main cable, the handlemay spinwildly, with. force,whenreleased.. 
	The vertical placement,ordepth,ofthecurrentmeteris setwiththe depth. indicator ofthesounding reel. The depth indicatorisset to zeroasthe bottomof the. weight(or thecurrentmetercups) touches thewatersurface. Itis readagainwhenit. touches the stream bottom. The meter is then raised to the appropriate depth,. accounting for thedistanceseparating the meter and the weight.. 
	The horizontal angle of the current meter is hard to assess and must be estimated. from the shore.. 
	Duringpeakflows, highwatervelocities andfloatingdebriscan furthercomplicate. operations. Erratic movement of the samplers can be reduced by moving them quickly. throughthefaster,upperlevelsofthestream. Largeboulderscaninterferewiththe. placementofsamplers, and some willcausethe samplers to tilt andruin thesample.. These locations need to be avoided. Watch upstream for floating debris, being. preparedto liftthesamplertoavoid beingsnagged.. 
	Transit rates for depth-integrated suspended-sediment measurements can be. calculated using revolutions of the sounding reel. The A-55 reel has a drum. circumference of 1 foot, the B-56 reel a circumference of 1.5 feet. Thus when using a. B-56reel,thehandleisturnedonceeachsecondfora1.5fpstransitrate.. 
	Bedload samples collected with a Helly Smith sampler involve the same challenges. for the operator as any cable system. High flows can cause rapid erratic movement as. thesamplerisloweredthroughthewatercolumn. Fastvelocitiesnearthesurface will. pull thesamplerdownstream. Asthesamplerpasses into theslowervelocitiesnearthe. bottom, it will swing in under the suspension point, potentially scooping bottom. materials and contaminating the sample. The operator must learn to lower the sampler. toavoidthis. Whileex
	Following use, the sounding equipment, including the sounding reel, is removed. from the site. The traveling block may be positioned near the middle of the stream. and the cable locked in place with a cable clamp, or a chain and padlock may be used. tolock thetravelingblocktothe mainhousing.. 
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	Inconstructing the pulley housing, blockand tailhold, considertheneedsofyour. situation and make modifications when appropriate. Some suggestions below are. untried. The described parts are referenced by numbers as they appear on the. construction drawings in Appendix B. These suggestions include:. 
	1. 
	1. 
	1. 
	Weld the sides of the housing, reducing the time and expense of drilling and. tappingforfasteningscrews(7).. 

	2. 
	2. 
	2. 
	Eliminatethe idler pulley (9) and/orthe counter pulley(10) inthe housing.. Thismayresultinthecableslipping,butaircraftgradecablemayhelpreduce. this. Thegrooveinthe drivepulley(8),soundingsheave(52),andtailsheave. 

	(60) must match the cable diameter.. 

	3. 
	3. 
	One-eighth inch cablehas been used successfullyforthe applicationson the. Nez Perce National Forest. Larger streams may require a heavier cable. A. structural engineer can determinetheforcesexertedfora system. Thebreaking. strength of the sounding cableisconsidered indesigning the load applied to. thesystem,reflectingthepossibilityofsnaggingfloatingdebrisduring. measurements. The breaking strength of the B-56 sounding cable is 1,600. pounds. For a more complete discussion, see Wagner (1995).. 


	4.Acover for the pulley housing maybe desirableto prevent debris,such as. conifer needles, from accumulating in the mechanism, and also deter vandalism.. An open-ended box that slips over the pulley housing from the top would. prevent the handle from being turned. Attachments to hold a padlock beneath. the cablewould secure this coverto thehousing.. 
	5. 
	5. 
	5. 
	With no linecounter,the countershaft (16) could be simplified byeliminating. the portionofthecounter shaft that protrudes from the right housingside.. 

	6. 
	6. 
	Modify the cable sheaves (49) of the traveling block assembly. The sheave on. the near side bears most of the weight and resulting stress and wear. A 3/8". IDball bearingcould replacethebronzebearing (51)specified. Thecable. pulley (50) would need to be machined to accept the ball bearing.. 

	7. 
	7. 
	The design of the traveling block assembly (35) could be modified. As. pictured in figure 7, the bottom spacer (43) has been dropped, and the sides. simplified. Parts (37), (38), (45), (46), and (47) have been combined into one. piece. Theback(36)ismodifiedandsimilartothefrontplate.. 


	8.Afurthersimplificationofthetravelingblockassembly(35)istoeliminateone. of the cable sheaves (49). The remaining sheave would be positioned in the. middle of the center tie bar (40). Two plates would hold the single cable. sheave above and the sounding sheave below.. 
	9. One of the 3/8" x 16" turnbuckles could be eliminated. This cost-saving. measure would reduce the range of adjustment available and may make it. difficulttotightenthecable.. 
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	InstallationInstallationInstallationInstallationInstallation
	InstallationInstallationInstallationInstallationInstallation
	InstallationInstallationInstallationInstallationInstallation
	ofofofofof
	posts:posts:posts:posts:posts:. 

	X
	X
	X
	X

	head block post 

	X
	X
	X
	X

	tailblockpost 


	X
	X
	X

	(4) bags of redimix concrete 

	X
	X
	X

	Tools & miscellaneous: Post hole digger or shovels. Lumber may be used to bracethepostsastheconcretedries. Sawsoraxesifthesiteneedstobecleared of brush. Carpenter’s level or plumb bob. Waders to cross the stream. Survey level. 



	InstallationInstallationInstallationInstallationInstallation 
	InstallationInstallationInstallationInstallationInstallation 
	InstallationInstallationInstallationInstallationInstallation 
	ofofofofof 
	pulleypulleypulleypulleypulley 
	blocksblocksblocksblocksblocks 
	andandandandand 
	carriage:carriage:carriage:carriage:carriage:. 

	X
	X
	X
	X

	headblock,tailblock,andcarriage 

	X
	X
	X

	1/8 inch wire rope/cable -aircraft grade cable twice the distance between the posts,withanadditional5–10feet. 

	X
	X
	X

	(4) 1/8 inch cable clamps 

	X
	X
	X

	(4) 1/8 inch cable thimbles 

	X
	X
	X

	(2) ¼ inch X 16 inch turnbuckles 

	X
	X
	X

	Tools: wrenches,cablecutter 



	Calibration:Calibration:Calibration:Calibration:Calibration:. 
	Calibration:Calibration:Calibration:Calibration:Calibration:. 
	Calibration:Calibration:Calibration:Calibration:Calibration:. 

	X
	X
	X
	X

	(2) colors of enamel paints (paintpens or spray cans) 

	X
	X
	X

	measuring tape or tagline (100') 

	X
	X
	X
	X

	sounding reel 


	X
	X
	X

	sounding weight 


	1515151515 

	Operation:Operation:Operation:Operation:Operation:. 
	Operation:Operation:Operation:Operation:Operation:. 
	Operation:Operation:Operation:Operation:Operation:. 

	Other available instruments and models are compatible with our cableway. These. may be used depending on the measurements desired and situation. A suggested list:. 
	soundingreel B-56 $currentmeter Price AA $ 745.00. sounding weight 50C $ 275.00. suspended sediment sampler D74 $bedload sampler BL84 $ 750.00. 
	soundingreel B-56 $currentmeter Price AA $ 745.00. sounding weight 50C $ 275.00. suspended sediment sampler D74 $bedload sampler BL84 $ 750.00. 
	ItemItemItemItemItem 
	ItemItemItemItemItem 

	ModelModelModelModelModel 
	EstimatedEstimatedEstimatedEstimatedEstimated 
	EstimatedEstimatedEstimatedEstimatedEstimated 

	CostCostCostCostCost. 
	CostCostCostCostCost. 

	1,900.00. 
	1,370.00. 



	HydrologicalHydrologicalHydrologicalHydrologicalHydrological 
	HydrologicalHydrologicalHydrologicalHydrologicalHydrological 
	HydrologicalHydrologicalHydrologicalHydrologicalHydrological 
	equipmentequipmentequipmentequipmentequipment 
	suppliers:suppliers:suppliers:suppliers:suppliers:. 

	Thesesuppliersareforreferenceonly. Useoftradenamesisfortheconvenienceof. the reader and does not constitute endorsement by the USDA Forest Service. These. productsareneithertestednorendorsedbytheauthor.. 
	Rickly Hydrological Company. 2710 Joyce Avenue. Columbus, OH 43211. (614)475-8310. 
	Rickly Hydrological Company. 2710 Joyce Avenue. Columbus, OH 43211. (614)475-8310. 
	ScientificInstruments. 518 West Cherry Street. Milwaukee, WI 53212. 
	(414) 263-1600. 

	Federal agencies may obtain equipment through:Federal agencies may obtain equipment through:Federal agencies may obtain equipment through:Federal agencies may obtain equipment through:Federal agencies may obtain equipment through:. 
	Federal agencies may obtain equipment through:Federal agencies may obtain equipment through:Federal agencies may obtain equipment through:Federal agencies may obtain equipment through:Federal agencies may obtain equipment through:. 

	U.S. Geological Survey. HydrologicalInstrumentationFacility. Building 2101. Stennis Space Center, MS 39529-6000. 1-800-382-0634. 
	U.S. Geological Survey. HydrologicalInstrumentationFacility. Building 2101. Stennis Space Center, MS 39529-6000. 1-800-382-0634. 
	Federal Interagency Sedimentation Project. Waterways Experiment Station. 3909 Halls Ferry Road. Vicksburg, MS 39180-2721. 
	(601) 634-2721. 
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	A full-sized set of scaled AutoCAD plans (*.dwg format) as. well as standard graphics files (*.tif format) for printing. are available for downloading from the internet from the. Stream Systems Technology Center web page at . Copies of the plans can also be. obtained from the USDA Forest Service, Rocky Mountain Research. 
	http://. 
	www.stream.fs.fed.us
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	Figure
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	Station, Stream Systems Technology Center, 240 West Prospect. Road, Fort Collins, CO 80526.. 
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	NezPerceNationalForest. 
	NezPerceNationalForest. 
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	RonTorretta,JimParadiso. 
	March 1999. 
	March 1999. 
	BackgroundBackgroundBackgroundBackgroundBackground. 
	BackgroundBackgroundBackgroundBackgroundBackground. 

	Protocols on the Forest have developed based upon standard documented. procedures such as Buchanan and Somers (1969). Additional refinements have been. madeafterconsultingwiththelocalU.S.GeologicalSurvey,adjacentNationalForests,. and theUSFSBoiseAdjudication Team. Beinglocallyrefined,theuse oftheprotocols. inthispapermaynotbeappropriateinallsituations.. 
	SurfacewaterismonitoredateightlocationsontheNezPerceNationalForest.. Someorallofthefollowingdataarecollectedateachofthemonitoringsites:. discharge,suspendedsediment,turbidity,airandwatertemperature,conductivity,and. bedload.. 
	Procedures used when conducting a cableway measurement include most of the. samestandard stepsusedforawadingmeasurement. Initialsetupincludeschecking. theoperationofthestagerecorder. Thebeginningtimeisrecorded,aswellasstage. measurementsontherecorder,thestaffgage,andinsidethestillingwell.. 
	3131313131 

	Cable measurement periodsCable measurement periodsCable measurement periodsCable measurement periodsCable measurement periods. 
	Cable measurement periodsCable measurement periodsCable measurement periodsCable measurement periodsCable measurement periods. 
	Cable measurement periodsCable measurement periodsCable measurement periodsCable measurement periodsCable measurement periods. 

	Cable measurements are performed whenever the stream or. river to be gaged has flows that make gaging via the wading. method impossible, impractical, or unsafe. The general rule. is to avoid wading in the water any time the product of the. velocity (feet per second) and the depth of the water (in. feet) is greater than ten.. 

	DischargeDischargeDischargeDischargeDischarge. 
	DischargeDischargeDischargeDischargeDischarge. 
	DischargeDischargeDischargeDischargeDischarge. 

	Continuous discharge is recorded at the sites with Stevens. A-71 or A-35 recorders mounted on stilling wells.. Instantaneous discharge is monitored using standard U.S.. Geological Survey (USGS) methods as described in “Techniques. of Water-Resource Investigations of the USGS”, Book 3,. Chapters A8 and A6. These data are collected by wading. measurement during low flows, using either a Price AA or Pygmy. current meter. The Price current meter is suspended from a. bridge crane or cableway during high flows.. 
	Thecurrentmeteristestedbeforeandafteruseforacceptableoperation. Forthe. Price AA meter, minimum spin time of 1' 30" is needed in the field. Discharge. measurements are recorded on the USGS form #9-275-F, Discharge Measurement. Notes,commonlyreferredtoas'q-notes.' Thestartandfinishtimesarerecordedfor. discharge, bedload, and suspended sediment measurements. While taking discharge. measurements,thetimeisalsorecordedevery10minutes,especiallyifthewaterlevels. appear to be fluctuating. Right Edge Water (REW) or 
	Thepartialsectionsaremeasuredandthensummedforthetotaldischarge,asina. wading measurement. Each partial section should contain no more than 5% of the. totalflow. Thesectionwidthsarevariedtoaccomplishthis,beingnarrowerindeeper-.highervelocityportionsofthestreamandwiderintheshallower-slowerportionsofthe. stream. Usually 25–30 total measurements are taken. Measurements are taken. beginning at one edge of water and continuing to the other edge.. 

	SetSetSetSetSet 
	SetSetSetSetSet 
	SetSetSetSetSet 
	upupupupup. 

	Duringperiodsof high flows, stationsequippedwithbank-operatedcableways. most often use a Price AA current meter suspended one foot above a 75 pound. Columbus weight. Dueto thehigh velocities, and resulting erratic movement with. subsequent damage to equipment, the use of a 30# C weight (0.5' suspension) is rarely. usedatthesesites. Setupthecable soundingreel assemblywiththeColumbusweight. and Price AA meter suspended. Check the headphones before moving the equipment. intoposition.. 
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	Observation depthsObservation depthsObservation depthsObservation depthsObservation depths. 
	Observation depthsObservation depthsObservation depthsObservation depthsObservation depths. 
	Observation depthsObservation depthsObservation depthsObservation depthsObservation depths. 

	Cable measurements on the Nez Perce National Forest are taken in partial sections. with depths that commonly range from zero to about five feet deep. Velocity. measurementsare typicallytakenat6/10ofthe distance from thewater’s surface to. the stream bottom, but may be taken at the surface, 2/10, or 8/10 depending on. circumstancesdescribedbelow.. 
	•. 
	•. 
	•. 
	Inpartialsectionslessthan1.2feetdeep,velocitiesareestimated,dueto limitations of the meter/weight combination. Use of the price meter is avoided when the cups cannot be completely submerged. On these shallow sections,thevelocity isestimated byvisually comparingthe movementof the waterto adeepernearbysection thatismeasurable, andrecordingan'e' inthe observation depth column of the q-note. If that is not possible, a surface velocity is taken with the Price meter (recording an 's' in the observation depth colu

	•. 
	•. 
	•. 
	In partial sections between 1.2' and 1.9' deep, the measurement is considered a 

	0.2 depth observation. When a 0.2 depth observation is the only measurement. inavertical,a0.87correctionfactorisusedtoconvertthemeasuredvelocityto. the average for the column. For example, a velocity of 6.84 feet per second. (fps)measuredatthepointiscorrectedtoavelocityof5.95fpsasthemeanin. vertical.. 

	• 
	• 
	• 
	Inpartialsections between 2.0' to 2.3' deep,the measurement isrecorded as a 

	0.5 depth observation. No correction is made, but the notation acknowledges. that the measurement is not a true 0.6 depth measurement.. 

	•. 
	•. 
	Inpartialsectionsbetween2.4'to5.0'deep,a0.6depthobservationistaken. Nocorrectionisnecessarytoconvertthereadingtothemeaninthevertical. 

	•. 
	•. 
	On depths over 5.0 feet, the velocity is measured at both the 0.2 and 0.8 observationpoints. Thesetwo readings areaveragedfor themeaninvertical. 


	The hydrographer may find it convenient to summarize the above information on a. tabletofacilitatefielduse.. 

	Thedepth ofthePricemeter issetusingthe dialindicatoronthe soundingreel.. 
	Thedepth ofthePricemeter issetusingthe dialindicatoronthe soundingreel.. 
	SettingSettingSettingSettingSetting 
	thethethethethe 
	observationobservationobservationobservationobservation 
	depthdepthdepthdepthdepth. 

	•. 
	•. 
	•. 
	Zero the meter with the bottom of the weight just touching the water’s surface. This has been found easier in high velocity water, than zeroing with the meter atthewaterssurface. 

	•. 
	•. 
	Lower the equipment to the stream bottom, reading and recording the depth fromthedial. 


	3333333333 
	•. Raise the equipment to the appropriate depth for the measurement, using the dial on the meter. 

	Suspensionangle coefficients to correct for downstream driftareassumedto be. 
	Suspensionangle coefficients to correct for downstream driftareassumedto be. 
	Additional corrections to velocityAdditional corrections to velocityAdditional corrections to velocityAdditional corrections to velocityAdditional corrections to velocity. 

	1.0. Cablelengthisnotenoughtosignificantlyaffectactualstreamdepthvs.. measureddepth. Horizontalangle corrections of thewater are difficulttodetermine. from a vantage point on a stream bank. This correction is made for water that is not. flowingperpendiculartothecrosssection. Thehorizontalanglecoefficientisassumed. to be 1.0 unless the observer can detect a more accurate angle from the observation. position.. 

	Suspended sedimentSuspended sedimentSuspended sedimentSuspended sedimentSuspended sediment. 
	Suspended sedimentSuspended sedimentSuspended sedimentSuspended sedimentSuspended sediment. 
	Suspended sedimentSuspended sedimentSuspended sedimentSuspended sedimentSuspended sediment. 

	Suspended sediment (SS) samples are collected using the Equal Width Increment. (EWI) method. Procedures are similar to those used when conducting SS. measurements while wading, and described in Edwards and Glysson (1988).. 
	•. 
	•. 
	•. 
	Allpartialsectionsforsamplinghavethesamewidth. 

	•. 
	•. 
	Collect 10 EWI suspended sediment samples for all partial sections with a downstream flow. 

	•. 
	•. 
	Selectanappropriatesizednozzleandestablishatransitrateforloweringand raisingthesamplertocollect2–4bottlesofSSforanalysis. Thetransitrate mustbeconsistentforallsectionsandmustnotallowabottletooverfillinany onesection. 

	•. 
	•. 
	Use the sounding reel to lower and raise the D79 suspended sediment sampler.. Transit rates for depth-integrated suspended-sediment measurements can be. calculated using revolutions of the sounding reel. The A-55 reel has a drum. circumference of 1 foot and the B-56 reel a circumference of 1.5 feet. Thus,. when using a B-56 reel, the handle is turned once each second for a 1.5 fps. transitrate.. 


	Air/water temperatures and conductivity measurements are made after the. suspended sediment samplesare taken, since there is a relationshipbetween water. temperature and amount of SS that the water holds. The automatic (ISCO) sampler, if. present, should be serviced/changed next and an ISCO calibration sample collected to. correlatewiththeSSsamplescollectedacrossthestreamchannel.. 

	BedloadBedloadBedloadBedloadBedload. 
	BedloadBedloadBedloadBedloadBedload. 
	BedloadBedloadBedloadBedloadBedload. 

	3434343434 
	The bedload sample is also collected using the EWI method.. The sounding reel is used to raise and lower the bedload. sampler.. 
	•. 
	•. 
	•. 
	Approximately twenty subsamples are collected. The subsamples are stored for. labanalysisasonesample.. 

	•. 
	•. 
	The bedload sampler is positioned on the stream bottom for 60 seconds at each. location.. 

	•. 
	•. 
	Record any special circumstancesin thenotes. Subsamplesare taken only in. verticalswithpositivevelocities. Inplaceswherethesamplercannotbeplaced. on the streambed due to boulders or other obstructions, the subsample may. have to be foregone.. 



	CloseCloseCloseCloseClose 
	CloseCloseCloseCloseClose 
	CloseCloseCloseCloseClose 
	stationstationstationstationstation. 

	Onelastrecordofallstageindicators(outsidegage,pulley,insidegageor. tapedown, and pen) should be recorded, both on the chart and the Q-notes sheet,. beforeleavingthesite. Thestripchartshouldberesettocorrecttimeandgageheight. before leaving, if necessary. Record any adjustments made on the log and Q-note. sheets.. 
	Remove the sounding reel and lock the cable to deter vandalism.. 
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	The Rocky Mountain Research Station develops scientific information and technology to improve management, protection, and use of forests and rangelands. Research is designed to meet the needs of National Forest managers, federal and state agencies, public and private organizations, academic institutions, industry, and individuals. 
	Studies accelerate solutions to problems involving ecosystems, range, forests, water, recreation, fire, resource inventory, land reclamation, community sustainability, forest engineering technology, multiple use economics, wildlife and fish habitat, and forest insects and diseases. Studies are conducted cooperatively, and applications can be found worldwide. 
	Research Locations 
	Research Locations 
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