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Sediment transport occurring after spawning
can cause scour of incubating embryos and infil-
tration of fine sediment into spawning gravel,
decreasing intergravel flow and preventing hatched
fry from emerging from the gravel. Documenta-
tion of these effects requires measuring gravel
conditions before and after high flow periods and
combining methods to record scour and fill and
sediment infiltration by different grain sizes at
different depths in the streambed. Scour and fill is
best measured with scour chains, which can record
the depth of maximum scour that occurs during
high flow. Repetitive sampling of bed material
with bulk-core or freeze-core samplers can be
hindered by the large size of sample required to
adequatdly  characterize gravelmixtures compared
to the size of fish redds. Freeze tubes, porous - and
solid-walled containers, and infiltration bags can
be used to recover experimental gravel of known
grain size after it has been infiltrated with fine
sediment. An array of devices is suggested to
measure both scour and fill and sediment infiltra-
tion.

Retrieval Terms: spawning gravel, fine sediment,
channel scour, methods

ediment transport in dream channds

can pose two mgjor thrests to incubat-

ing embryos of sdmon and trout. High
rates of sediment transport can induce deep
scour and fill of the bed*® thereby remov-
ing embryos or burying them deeply. Fine
sediment infiltrating redds cen “plug” the
gravel, thereby reducing intergravd flow
of oxygenated waeter, impairing respiration
by embryos*® and preventing the emer-
gence of hatched fry from the gravel.® Sur-
vival to emergence depends on the amount
and gram sze of fine sediment deposited at
different depths in spawning grave, as wel
a on biologic and water-quaity factors.”
Despite complexities in determining its f-
fects on embryo survival, sediment trans
ported during the incubation period poses a
clear and quantifisble threst.

Because fish condructing redds can
caue much of the fine sediment in spawn-
ing gravel to be winnowed,” merdy mea-
auring the concentration of fine sediment
before or immediately after redd construc-
tion cannot adequatdly quantify sedimen-
tary conditions of spawning habitat. In-
steed, one must have some measure of the
changes in redd meterid resulting from
sediment transport in the period between
redd condruction and emergence of fry.
Such measurements, combined with records
of sediment transport and flow, have the
potentid of linking sediment trangport re-
gme to an important component of fish
habitat.

This note describes some methods to
measure scour and fill of a sreambed and
the amount and depth of irfiltration of fine
sediment into a gravel bed.

MEASURING SCOUR AND FILL
Cross Sections

Cross sections are €evation transects
surveyed from bank to bank perpendicular
to the center line of the channd. Each end
of a cross section is monumented with a
sted post or other permanent feature. Once
edablished, cross sections can usudly be
resurveyed in less than 30 minutes each.
They provide high precison and accuracy
in monitoring bed eevetions over time, but
do not document the depth of maximum
scour (fig. 1). During a flood, the bed may
scour below the pre-flood levd and then
return to a higher leve. These short-term
changes in bed devaion would not be
detected by resurveying cross sections after
the flood.

Scour Chains

Scour chains messure maximum  scour
depth occurring over a period of time? A
chain or gtrong cord is buried or inserted
verticdly into a streambed so that one end
extends below the depth of anticipated
maximum scour and the other end drapes
over the bed surface. The free end of the
chain stays on the surface as the bed scours
and is buried as the bed fills. The find leve
of the horizonta section of chain indicates
maximum scour  depth.

Scour chains can be inserted into a
streambed with a probe constructed of pipes
and pipe fittings’ or stainless sted (fig. 2).*°
One end of the chain is attached to an eyelet
screwed into a section of dowel, and the
other end is threaded into the bottom of the
probe and out through a dot or one of the
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Figure I-Cross section on Jacoby Creek near Arcata, California, showing scour and fill measured
by repeated surveying over a high flow season and by scour chains inserted and recovered over the

same period.

handles. To indal a chain, the probe with
chain is gently tapped down to the bottom
of a hole left by a stout rod driven into the
streambed. A thin metd rod is then inserted
into the top of the probe and planted onto
the base of the dowel. The rod is tapped
againg the dowd to hold it in place as the
probe is withdrawn, leaving the chain par-
tidly buried in the bed. Findly, the surface
section of the chain is laid over the bed, its
length measured, and its eevation surveyed.
A painted washer may be dtached to the
end of the chain to ad in finding it laer.

After a scour-and-fill event, the chain is
caefully excavated by hand to detect the
exact depth of burid. To measure the depth
of scour and fill, devations of the burid
depth of the chain and the find bed surface
arc surveyed and compared to the origina
bed devation, Alternatively, scour depth
can be determined by measuring the differ-
ence between the length of chain lying over
the origind bed surface and that lying over
the find bed surface. To measure a subse
quent event, the hole is filled and the chain
laid out over the bed surface.

Jeff Cederholm™ offers a modification
of scour chains that circumvents the need to
excavate the bed for each measurement.
He threads a column of ping-pong bdls
onto a cord and insats it with a larger
diameter probe into the dreambed. As a
bal is exposed by scour it dides up to the
end of the cord. Depth of scour is measured
by counting the number of exposed bdls
and multiplying by their diameter. Neu-
traly buoyant objects smdler than ping-

pong balls require a narrower probe and
thus reduce disruption of the bed during
insartion.

Precison and accurecy of measured
changes in bed €evation from repesated
surveys and scour chains ae reatively
high. In a pebble-gravel bed, precison is
goproximatdy equal to the dominant size
of bed surface materia, or +2 to 5 cm. In
comparison, annuad maximum values of
soour and fill in gpawning gravels in smdl
streams have been measured a 20 to 50
om?  which is approximatdy equal to the
range of depth of egg burid.? In three
sreams in northern Cdifornia, the coeffi-
cient of vaiation in the annud difference
between the highest surveyed bed devetion
and the level of maximum scour averaged
0.23 and ranged between 0.05 and 0423
Scour and fill is especidly degp in undable
channels with high transport rates and those
frequently transporting large woody de-
bris.

The depth to which eggs are buried is an
obvious threshold of concern with which to
compare scour depth. The depth of deposi-
tion of unsorted bed materia over redds can
present another threshold based on the over-
al percentage of fine sediment in the incu-
bating environment. This threshold will be
discussed in the section on sediment infil-
tration.

In each sample spawning area, scour
chains are best located at regular intervas
across a smal number of cross sections
rather than randomly over a grid for three
reesons. First, scour and fill results from

changes in the baance of sediment trans
port and tractive forces involving most or
al of the full channd width; thus, observa
tions a one point in a spawning area are not
independent of those at another. Second,
locating scour chains precisely once they
are buried is mogt conveniently done aong
afew cross sstions, locating them on a grid
involves a larger number of monumented
transect boundaries. Third, scour-fill data
can best be related to changes in channel
morphology when scour chains are located
a frequent and regular intervals dong sur-
veyed cross sections. Scour depth at each
Cross section can be expected to range from
nil to near-maximum. A reasonable den-
gty of scour chains would be every one-
haf to two meters (depending on channel
width) across two to five cross sections,
totaling 10 to 40 chains.

At each spawning area, cumulaive fre-
quency distributions of scour depth can be
cdculated assuming that regularly spaced
chains represent equal areas of channd.
Stetigtics of parameters of these distribu-
tions can then be determined for the sample
of spawning aress.

INFILTRATION OF FINE SEDIMENT

Definition of Fine Sediment

Fishery biologists and sedimentologists
assign different ranges of grain dze to their
Oefinitions of fine sediment for different
problems. Effects of fine sediment on biota
depend on the tendency of particular grain
Szes to depost a certain levels in the bed
where they may influence agudic organ
isms Jugt as in reaing habita in which
different factors can limit fish production
under different dtuations, different grain
Szes deposted at different depths can limit
aurvivdl of incubating embryos in spawn-
ing graves in different ways. For example,
the depth to which fine sediment infiltrates
into a reatively cleen gravd bed and its
effect on incubating ova of fish depend on
the dze of infiltrating sediment reative to
that of the gravel.® Silt and fine sand can
penetrate deeply to the level of egg burid
(commonly 0.2 m to 0.4 m) and reduce
intergravel flow, and associated fine or-
ganic matter can consume dissolved oxy-
gen and thus inhibit respiration of the eggs.
Sand and fine gravel trapped in near-sur-
face interstices of the framework grave
can prevent emergence of aevins*
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Figure 2 - Scour chain probe and scour chain.
The driving head fits into the top of the probe and
prevents damage to the probe as it is pounded
into the bed.

The level of intergravel deposition of
various grain sizes in the fine-sediment
range can vary widely, depending on the
size distribution and packing of the gravel
bed before fine sediment is introduced,
grain size distributions of fine sediment in
transport, hydraulic conditions during trans-
port, and rates of sediment transport.® For
example, abundant sand from weathered
crystalline bedrock is likely to fill surface
interstices of bed surfaces, whereas higher
proportions of silt and fine sand produced
from volcanic rock are likely to penetrate
deeper into a gravel bed.

From a sedimentological standpoint, fine
sediment in a heterogeneous bed can be
defined as the mixture of smaller par-
ticles that fill the matrix of the bed frame-
work created by large bed particles in grain-
to-grain contact.”® If the size distribution
of bed material is bimodal, that is, with
distinct fine and coarse modes on a size-
frequency diagram, then fine (matrix) ma-
terial can be easily distinguished from
framework material. If the distribution is
unimodal, however, the distinction is prob-
lematical. In this case, a reasonable upper

limit for the diameter of fine material is 2
mm, which separates sand from gravel on
the Wentworth scale. '8

Before selecting a method to measure
infiltration of fine sediment into a gravel
bed, therefore, it is important to define the
grain size of the fine sediment to be mea-
sured.

Grain Size Analysis

It is not surprising to find confusion in
the choice of sieves and grain size param-
eters used to analyze bed material for spawn-
ing quality. From the discussion above, it
should be clear that no single grain size
parameter can be expected to universally
predict embryo survival to emergence for
a given species.’® Instead it is more
prudent to identify the grain size range,
depth of infiltration, and the threatened
developmental stage of fish in the stream
being investigated, and then refer to the
experimental literature to assess lethal
thresholds.*>  Thresholds of concern for
fine sediment content vary between experi-
ment, species, and grain size of fine sedi-
ment, but most commonly fall around 20
percent.

A comprehensive set of sieves-one
whose sizes fall on all intervals of the
Wentworth scale’® 2° and span the entire
size range of the sample-allows the great-
est flexibility in interpretation of results.
Any grain size statistic such as geometric
mean, sorting coefficient, or percent finer
than a certain size can be easily extracted
from a comprehensive grain size distribu-
tion.

Bulk Cores

Bulk samples of spawning gravel can be
taken subaqueously by inserting a cylinder
into the streambed and extracting bed ma-
terial from inside the cylinder.”* Various
versions of these samplers and the advan-
tages and disadvantages of bulk core sam-
pling are discussed thoroughly else-
where.’®? The primary advantage of bulk
core samplers in my experience is that a
large sample can be obtained relatively
easily. Our sampler is 30 cm in diameter,
and we usually insert it at least 30 cm into
the streambed. Some disadvantages of
bulk core samplers are that variations of
gravel conditions with depth are nearly
impossible to measure, and fine sediment
tends to settle into the bottom of the exca

vation as the coarser material is
removed. We compensate for the latter
problem by taking large samples and by
obtaining a sample of agitated water,
measuring the concentration (and grain size,
if desired) of fine sediment, and multiplying
by the volume of water inside the cylinder.

Freeze Cores

Freeze cores'®?2* are vertical sections

of bed material bound by frozen interstitial
water to one or more probes that are driven
into the bed and injected with liquid nitro-
gen or carbon dioxide. The freeze core
method was designed to extract a vertical
section of relatively undisturbed streambed
material and thereby avoid the homogeni-
zation of streambed material that occurs
using bulk core samplers. Such undis-
turbed cores would allow measurement of
variation of grain size and porosity with
depth. Freeze cores have been used to
investigate the internal structure of redds
and egg pockets." To monitor changes in
gravel composition, freeze cores can be
taken before and after an event that causes
sedimentation.

There are two serious drawbacks to us-
ing freeze cores to measure changes in bed
material. First, the pounding of 2-cm-
diameter probes no more than 10 cm apart
into the bed may disrupt stratification by
shaking fine sediment deeper into the
bed.”* Second, freeze cores are com-
monly too small to prevent large variations
in the sample even if entire cores are lumped,
unless a large array of probes is used and
freezing efficiency is improved.?* Com-
parisons between freeze cores and bulk
samples have shown inconsistent differ-
ences, but freeze core samples are usually
coarser.’® The smaller the sample, the
greater is the bias created by the irregular
sample boundary, which around freeze cores
is dominated by large particles.

In a small sample, the presence or ab-
sence of one large particle can greatly af-
fect the overall size distribution or percent-
age of fine sediment. Using a rule of thumb
that the largest particle should not comprise
more than 5 percent of the sample, a sample
whose largest particle is 100 mm in inter-
mediate diameter should weigh at least 30
kg; for a 1 percent error, 50 kg are re-
quired.28 Our freeze cores, which are nearly
0.5 m deep and taken with three probes,
have commonly weighed 10to 15 kg, and
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thus each core is inadequate to provide a
relisble sze didribution.

The reguirement for large samples and
the comparaivdy smdl volume of grave
within an individud redd present a di-
lemma for one dtempting to document
changes by repetitive sampling. Replicate
sndl samples tha remove indgnificant
amounts of meterid from the population
(redd) can yidd an egtimate of variance, but
the variance for such smdl samples may be
20 high that differences can be difficult to
detect and evaduate. Conversdy, large
samples or a large number of smal samples
provide a more precise measure of fine
sediment content but may serioudy deplete
the remaining materia needed for a subse-
quent set of samples. This dilemma can be
overcome by implanting a volume of gravel
of known sze digribution and then sam-
pling it laer, usng severd methods de-
scribed below.

Freeze Tubes

To avoid disturbing the bed, a freeze
core can be extracted using a copper tube
that is buried in a column of bed materid of
known size digribution before the monitor-
big period begins. First, a column of bed
maeria is removed by excavating from an
open cylinder to a depth equaling the length
of the freeze tube. The tube is held upright
as the hole is filled with experimentd ma
terid of some known sSze didtribution or
naive bed materid from which fines have
been sieved. The tube is then capped. A
cork is tied onto an eyelet on the cap to ad

Solid-Walled Containers

Solid-wdled containers (usudly buck-
ets or cang) filled with grave of known sze
distribution and buried flush with the bed
surface can be used to collect infiltrated
fine sediment®® Surface bed paticles are
removed before the containers are buried
and replaced afterwards so that initidly
sediment infiltrates through a bed surface
that replicates a naturd one. The containers
are retrieved after a sediment transport event
and their contents Seved to meesure the
volume of infiltrated sediment. Containers
can be easly dipped in and out of the bed
through loosdy fitting collars that are bur-
ied initially with the containers. Wide
rubber geskets that are cut from innertubes
and dretched around the top rim of the
collars can prevent sediment from jamming
the %)aoe between collars and containers
(fig. 3)

Themain advantage of solid-walled con-
taners is the ease of inddlation and re-
placement. Inditution-sized food cans pro-
vide a reasonable size and are readily avall-
ale. Easy inddlation and replacement
enables messurement of sediment infiltra:
tion a a large number of points on the bed
during individud runoff events

The main disadvantages of sollidwalled
containers are that scour can expose a con-
tainer above the moving layer of bed load,

and fill can cover the opening with a protec-
tive sed of deposited bed load. Although
Lide® faled to detect a significant effect of
soour or fill on volumes of maerid col-
lected in cans in a naturd channd, it is hard
to imagine that sustained scour or fill does
not afect the volume collected. Ancther
disadvantage of solidwadled containers is
that they exclude sediment transported by
intergravel flow. Thus they mogt effec-
tivdy meesure infiltration of sand (deve
Sze between 0.062 and 2 mm), which in
most cases cannot be transported lateraly
by week intergravel flow veocities, but
ingtead enters the bed surface and then falls
under the force of gravity.

Porous-Walled Containers

Open-work baskets or containers with
openings allow sediment carried by
intergravel flow to enter and depost in the
experimental framework materia ** They
too are commonly buried near the bed sur-
face, and so are subject to the same prob-
lems from scour and fill as solid-walled
containers.  If containers with holes are
used, the size and dendity of holes should be
sandardized and not inhibit sediment from
entering the containers. The main disad-
vantage of porous-walled containers is thet,
as they are taken out of the bed, water
bearing infiltrated sediment flows out of
the containers.

finding the tube if it is buried. A weding
rod is inserted through the eyelet a an angle
into the bed directly upstream in order to
shed organic maerid that might otherwise
build up and cause additiona scour around
the tube if eroson of the bed exposes the
tube. To obtain the core, a dightly smdler
diameter tube is inserted into the freeze
tube and injected with liquid CO,. Because
freeze tubes are not hammered into the bed,
they can be made of more heat-conductive,
thinrwaled copper which can freeze the
surrounding bed materid more  efficiently
than standard freeze core probes, and thus
produce larger cores. Neverthdess, inter-
pretation of freeze tube samples is limited
by ther smal sze The greatest vaue of
freeze tubes is to provide an undisturbed
gratigraphic record of infiltration of fine
sediment.
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Figure 3-Solid-walled container used to measure infiltration of fine sediment.
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Infiltration Bags

A method developed by George Ster-
ling** alows planted gravels to be sampled
without the problems created by container
walk. Ingtead, a collapsed bag is buried
under an unbounded cylindrica section of
experimenta graved (fig. 4A) and later pulled
upward out of the bed, enclosng the over-
lying infiltrated grave (fig. 4B). Because
the experimenta grave is unbounded, scour
and fill do not affect infiltration of fine
sediment and there is no physicd barrier to
intergravel flow. The trade-off is that more
work is demanded to ingtdl the bags.

“Infiltration bags’ ae made of tough
fabric and have a metal loop sewn into the
opening. Our bags have a 30-cm-diameter
mouth and are 50 cm deep. Three cables are
attached to the rim, and loops are formed at
the free ends.

To ingdl the bags, the armor layer is
removed from the bed surface, and the bed
is excavated from insde an open cylinder
down to the desired depth. (The diameter of
the cylinder should exceed thet of the bags
by at least 10 cm in order to prevent con-
tamination of the experimentd gravd by
naturad bed materid when the bag is later

A
v
/ﬂoats
i
1
i .
) experimental
ﬁ/gravd
E
1
collapsed
infiltration bag
B f <« chain hoist

Figure 4-Installation (A) and recovery (B) of an
infiltration bag.

withdrawn, as described below.) A col-
lapsed bag is then placed with its open end
up a the bottom of the hole, and the cables
are extended to the surface. Experimentd
grave, which can condst of the excavated
bed materia out of which fine maeriad has
been deved, is poured back into the hole
over the bag. Findly, the open cylinder is
withdrawn, and the armor layer is replaced.

To obtain the sample after a messure-
ment period, the loops a the end of the
cables are attached to a chain hoist mounted
on a tripod above the buried bag. The bag
and the sample it encloses are then winched
out of the bed (fig. 4B).

Experimental Gravel

Grain shape and Sze digribution of the
experimenta gravd drongly influence the
sze and volume of the pores® into which
sediment will infiltrate. Choice of grave
therefore influences the outcome of mea
surements of rate, grain sze, and find vol-
ume of infiltrated fine sediment. The firg
choice is whether to condgtently use the
same gravd and thereby diminate pore
dructure as a variable, or to use native
dreambed grave from which fines have
been Seved and thereby better replicate
natural processes. Well-rounded grave is
preferred over angular gravel because it
produces more consistent porosity. Well-
sorted sediment usudly has grester poros-
ity and permesbility than poorly sorted
materia, and therefore can be expected to
accumulate more infiltrated sediment and
dlow larger grains to enter the bed. Pack-
ing ds0 influences pore gructure, but be-
cause spawning fish probably creste a ran
domly packed bed in most cases, pouring
the experimental gravel into a container or
a hole in the bed should replicate packing of
sawning grave farly wdl.

Sampling Considerations

Measurements of fme-sediment infiltra:
tion with solid-waled contaners or infil-
tration bags can be expected to have rela
tivey high precison. We planted sx &
liter, gravel-filled buckets in esch of two
lines pardld to flow direction in a spawn-
ing area of a amdl stream in order to obtain
two sets of replicate samples. (Bedload
transport rates over the buckets in each line

" could be expected to be approximatey

equa.) Vdues of the coefficient of varia-

tion in infiltration of fine sediment (<2 mm
in diameter) were 0.11 and 0.09.

As with scour chains, fine-sediment traps
are best spaced regularly across a few cross
sections in each sampled spawning ares,
and satigtics for the sample population of
gpawning areas are calculated from vaues
of parameters for each area Laterd varia
tions in bed load trangport rate can cause
large vaidions in infiltration of fines but
vaiaions are so gradud that observations
across the channd cannot be assumed to be
independent. The coefficient of variation
in volume of fine sadiment deposited in
cans of well-sorted gravel across riffle crests
in two small streams was as great as 05.3 In
most cases, the time required for inddla
tion would set a practicd limit of from six
to twelve bags or containers at each spawn-
ing area.

INTEGRATING METHODS TO
MEASURE SEDIMENTATION
OF SPAWNING GRAVELS

Clearly, no single method can measure
al aspects of sediment changes in spawn-
ing gravels. The procedure outlined below
provides the most thorough way to monitor
changes in gravd caused by scour and fill
and sediment infiltration.

Spawning arees ae firg identified by
locating actud spawning dtes, choosng
likely arees on the basis of hydraulic and
sedimentologic parameters or sdecting ar-
ess of introduced gravel. The population
of spawning aress varies widdy between
sreams.  In some, the population is 0
smdl that a 100 percent sample of map-
pable aress is required to obtain a sample of
sverd. In others, the population is large
enough to be sampled randomly. Spawn-
ing requirements for subgtrate and hydrau-
lic conditions preclude much of the varia
tion between aress of sream channd and
thus autometically reduce the expected veri-
ance in scour and fill, as well as sediment
infiltration, between gpawning aress. A
reasonable sample of spawning aress may
number from five to ten depending on level
of sgnificance.

The combination of an infiltration bag,
scour chain, and freeze tube (fig.5) in
ddled on channel cross sections provides
the means to measure scour and fill, gross
volumes of fine sediment entering the bed,
and gratigraphy of fine-sediment grain size
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and concentration with depth. (Individua
scour chains can be ingtalled between the
combined inddlations to provide grester
densty of scourfill messurements on a
cross section.) At each location, the hole to
contan a gravel bag and freeze tube is
excavated first. The hole should be at least
10 cm deeper than the length of a freeze
tube to avoid freezing the bottom of the bag
to the core. A scour chain is placed verti-
cdly dong the downstream, insde edge of
the supporting cylinder, and an infiltration
bag is collgpsed and placed on the bottom
of the hole A freeze tube is then hdd in
place in the center of the hole over the
collgpsed bag as the hdle is filled with
experimenta  gravel. The cylinder is with-
drawn, and the scour chain is drgped down-
stream over the bed. Findly, the bed sur-
face & each gravel bag location is surveyed.

When the measurement interval has
passed, the cross section is resurveyed, and
changes in bed devation are cdculated s0
that changes in bed materid can be antici-
pated. At each locaion, the scour chain is
excavated firg by digging for the down-
Stream section of the chain in order to avoid
digurbing bed materid lying over the irfil-
tration bag. Liquid cabon dioxide is in-
jected into the freeze tube and the infiltra

tion bag is withdrawn immediaey, enclos
ing the overlying bed materid and the freeze
tube. The freeze tube is laid dong a tape,
and the dratigraphy is recorded. Sections
of bed materid frozen to the tube are col-
lected separady for later Seving. The
gravel bag sample can be wet-seved in the
fidd or brought back to the laboratory and
wet- or dry-sieved. Either a complete set of
Seves or a set whose coarsest Seve defines
the upper grain sze limit of fine ssdiment
can be used.

SUMMARY

Evduating effects of sediment trangport
on spawning habitat requires the measure-
ment of changes in bed materid thet result
from both infiltration of fine sediment and
scour and fill. To adequately document
changes from both processes one must sur-
vey, insrument, or sample the bed before a
period of sediment transport and repesat
measurements or recover sampling devices
afterward. Scour chains can be used to
record maximum depth of scour that oc-
curred during a flood. Documenting
changes in bed materid sze requires that
adequatdly large samples be taken and that
the process of depostion of fine sediment
in the gravel framework not be disturbed by

hv4
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freeze tube
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"~ scour chain

infiltration bag

Figure 5-Integrated setup for measuring volume of infiltrated sediment (infiltration bag), depth of
deposition of fine sediment (freeze tube), and depth of scour and fill (scour chain).

the sampling device. Infiltration bags fu-
fill these requirements.
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