OPERATING INSTRUCTIONS
FOR
BED LOAD SAMPLER
MODEL BLS-H

BLSH 100-01



BODY
BLSHO1-01

SAMPLER ASSEMBLY BLSH-01

WADING RODS
DH48-04

— HOOK
BLSH02-02

BAG SUPPORT SHAFT
~ BLSH02-01

SAMPLE BAG
BLSHO4

ASSEMBLY

Insert dimple end of bag support shaft (BLSH02-01 ) into boss on
body (BLSH01-0l), screw in wading rod ( DH48-04 ) to lock bag
support shaft in position. Screw in 2nd wading rod.

Attach sample bag ( BLSHO4 ) with seam uppermost, to rear of body,
ensuring elastic band is located in body groove. Connect hook to
eye in rear of sample bag.

DISMANTLE

Reverse above procedure, ensure sample is clean and pack away in
carry bag.

SAMPLING .

1. Locate sampling points at the centroid of equal discharge panels
in the stream (by current meter measurement).

2. Place sampler on the stream bed (being careful not to dig in
the nozzle) with nozzle pointing upstream at right angles to
crossing. .

3. Collect a sample over a timed period, ensuring the sample bag
is not filled more than 40%. Record time and location.

4. Remove sample bag and wet weigh sample. Empty and wash out
sample bag.

5. Continue sampling operation.
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A FIELD TECHNIQUE FOR WEIGHING BEDLOAD SAMPLES'

William P. Carey®

. ABSTRACT: A technique for weighing bedload samples that was de-
* veloped for laboratory use has been modified for field application. The
technique involves determining the submerged weight of bedload sam-
: ples as they are collected. The submerged weights are converted to dry
' weights from a2 knowledge of the specific gravity of the bedload
| material. The technique makes bedload transport data available imme-
! diately and eliminates costly and time-consuming steps involved with
saving samples for laboratory analysis. Only samples designated for
particle-size or other lab analyses need to be saved.
(KEY TERMS: bedload; sampling; field techniques.)

INTRODUCTION

Current bedload sampling procedures usually require that
each sample be individually bagged and labeled as it is col-
lected in the field. Then, depending upon the objective of the
sampling program, the individual samples can be composited
or analyzed separately in the laboratory. The entire sample
handling process involves numerous steps (bagging, labeling,
© logging-in, drying, weighing), resulting in considerable expen-

diture of time. Bedload data are not likely to be available for
. days or even weeks following a sampling effort, particularly

if all the samples have to be shipped to a laboratory facility.

For most bedload samples only the dry weight of material
is required. Thus, in order to decrease the time and manpower
needed to analyze bedload samples, a weighing technique de-
veloped for bedload sampler calibration (Hubbell, ez al., 1981)
has been modified for use in the field. This technique elimi-
nates the need for saving samples in the field and, subse-
quently, drying and weighing them in the lab. Only those
samples designated for particle-size or other lab analyses need
to be saved for the lab.

THEORY OF OPERATION

The proposed field method measures the submerged weight
of each sample in the field. The conversion of submerged
weights to dry weights is based on the following derivation.
The derivation is presented in detail in order to clarify the
terms being used.

Paper No. 83144 of the Water Resources Bulletin.

{

The specific weight of a sedir\nent sample () is defined as
the dry weight (W) of the sampled material per unit volume

Vo).
st

Vs

Y = 1

The specific gravity of the material (SG) is defined as the
ratio of its specific weight to the specific weight of water (vy,)
at 4°C.

SGg = — )]
Tw
The specific weight of the material is then:
s = SGs Ty G

From Equations (1) and (3) the dry weight of a volume of

" material is given by:

Was = V¥ = s‘ywSG 4)

The submerged weight (W) of a volume of material is the
dry weight of the volume of material minus the weight of an
equal volume of water.

Wes = Ve¥s

— Vg = V¥ SGs — V¥, = V7, (8G 1) (5)

sTw

If the specific gravity of any amount of material taken from a
sampling site is constant, then the ratio of dry weight to sub-

merged weight for any sample should also be constant. This
ratio is given by:
Wis _ VY SGg ﬁ_ )
Wss Very(8Gg—1)  SGg—1

2Hydrologist, U.S. Geological Survey, Water Resources Division, A-413 Federal Bldg., Nashville, Tennessee 37203.
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being used. Some minor delays were encountered when two
samplers were being operated simultaneously.

RESULTS

During field tests in a sand-bed channel of west Tennessee,
six samples representing the range of sample weights en-
countered were saved for laboratory analysis. Table 1 shows
the laboratory dry weight, the field dry weight computed from
Equation (7) using SGg = 2.65, and the percentage difference.
No correlation seems to exist between sample weight and per-
centage difference; however, the field values are consistently
lower than the laboratory values. The average of the six dif-
‘ference terms is —1.5 percent.

TABLE 1. Measured Dry Weight, Computed Dry Weight, and
Difference in Percentage for Six Bedload Samples.

Laboratory Feld
Dry Weight, Dry Weight, Difference,
in Pounds in Pounds in Percentage
0.162 0.159 —1.85
0.862 0.850 -1.39
1.103 1.094 -0.82
1.717 1.704 -0.76
3.380 3.347 —0.98
11.280 10.897 -3.40

The percentage difference term shown in Table 1 is defined
as:

jeld dry wt — Lab dry wt (100)°
Lab dry wt .

Field dry wt
=T 2 1] (100 8
(Lab dry wt > (100) ®

Using the average difference of —1.5 percent from Table 2,
Equation (8) can be expressed as follows:

difference in percentage = (F

Field dry wt 1

—0.015 =
Lab dry wt
Lab dry wt = Field dry wt
0.985

Substituting Equation (7) yields:

SGA

SGy  _

SG,— 1

W
¢ 0.985

SS)
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e
where
SGp = assumed specific gravity = 2.65
or
SGq =( 1)( 2.65)
SGg—1 0.985/ \2.65— 1
from which

SG = 2.59

Hence the average SGq for the six samples is less than the as-
sumed SGg fora predominantly quartz sand.

The consistent underestimations of actual dry weight could
be the result of real specific gravity departures from 2.65 due
to mineral composition, air being trapped'in the sample during
transfer and submergence, and the presence of organic matter
in the samples. While all of these factors probably contribute
to the reduction in SGg, field experience indicates that organic
material most likely accounts for most of the reduction.

Obviously, using a sample size of six does not permit a
rigorous error analysis. The six samples were saved primarily
for particle-size analysis and secondarily to confirm recon-
naissance data that showed the bedload was predominantly
quartz sand. In areas where significant departures from SGg =
2.65 are suspected, many more samples should be saved, and
an in-depth error analysis should be conducted.

SUMMARY

Current bedload sampling procedures usually require that
each sample be individually bagged and labeled as it is col-
lected. These individual samples can then be composited or
analyzed separately in the laboratory. The number of samples -
that have to be transported can be quite large when doing in-
tensive sampling. Also, the manual laboratory analysis of these
samples can be time-consuming and very costly, ever if only
the dry weight of the samples is determined.

The relatively inexpensive weighing system and technique
described in this article provides an efficient means of obtain-
ing timely bedload data in the field and eliminates the need
for preserving numerous samples for laboratory analysis. The
technique is based on the assumption that the specific gravity
of the bedload is known and is essentially constant. Because
natural erosion processes usually result in a quartz dominated
sediment, the technique should be widely applicable.
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Solving for dry weight yields:

5G,

Wy, = ——— W BN ¢
ds SGS_l SS ()

If it ¢ 1 be shown that SGq is essentially constant at-a sampling
site t. sn Equation (7) can be used to find W, and the need to
save cvery sample will be eliminated.

SPECIFIC GRAVITY OF SEDIMENT

Most sediment transport studies, and particularly those in-
volving sarid, assume that the specific gravity of the sediment
is equal to that of quartz (2.65). Because of its great stability,
quartz is by far the most common mineral found in fluvial
sediment, particularly sand. Even when appreciable quanti-
ties of other minerals are present, analyses have shown that the
specific gravity of sand is often very close to 2.65 (American
Society of Civil Engineers, 1975). Therefore, in channels
where the bed material is predominantly a quartz-dominated
sand or gravel, the assumption of a constant specific gravity
of approximately 2.65 is probably valid but should be verified
by field data.

In those areas where quartz does not dominate the
mineralogy, a considerable amount of field data may be re-
quired to establish a numerical value for the specific gravity.
Other factors that may influence the specific gravity include
organic material moving along the bed and accelerated erosion
that produces a disproportionate supply of low or high specific
gravity material. Accelerated erosion in coal mining areas, for
instance, can supply a large amount of coal to the bedload
(Carey, 1979). The specific gravity of coal usually ranges from
about 1.0 to 1.8.

An acceptable level of variability for specific gravity cannot
be defined because the accuracy of bedload samplers is diffi-
cult to define (Hubbell, et al, 1981), and the accuracy of
measurement techniques may vary depending on field condi-
tions (de Vries, 1973). However, because natural erosion
processes tend to produce a quartz-dominated sediment, sig-
nificant variability in specific gravity should not be encountered
frequently and the assumption of essentially constant specific
gravity should be widely applicable.

FIELD WEIGHING SYSTEM

The most important component of the field weighing sys-
tem is a battery operated electronic balance. The balance used
in this study (Figure 1) is a K-tron top-loading balance that has
been modified to allow weighing from below the unit. (Use of
the brand or firm name in this paper is for identification pur-
poses only and does not constitute endorsement by the U.S.
Geological Survey.) The balance is rugged, needs only “eye-
ball” leveling, automatically zeros when turned on, and runs
for about 10 hours on an internal rechargeable battery. It has
a liquid crystal display (LCD) and is designed to operate

Carey

accurately at temperatures ranging from 0°C (32°F) to 40" =
(104°F).

Figure 1. K-tron Top-Loading Balance.

A four-legged metal stand (Figure 2) was built to support
the balance and a plexiglass wind cover has been designed for
the top of the balance (Figure 3). ‘The dimensions of the stand
are not important as long as the balance is held securely and
there is ample room to work below the balance. Initial field
tests showed that low-speed air currents induced sufficient
pressure differentials on the top of the balance to cause highly
variable readings. Therefore, some sort of wind protection is
necessary. The wind cover shown in Figure 3 also provides
limited rain protection and a convenient place for writing
field notes. When significant rainfall is expected during field
operations, the balance can be set up in the back of a van.
Field tests also showed that the LCD will blackout in direct
sunlight; therefore, the wind cover should include some sort of
shade for the LCD. This shade modification is not shown in
Figures 2 and 3.
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Figure 2. Field Weighing System.
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Figure 3. Balance With Wind Cover.

Small five-quart plastic buckets (Figure 4) are used to hold
the bedload samples. A brass weight has been added to the
bottom of each sample bucket (Figure 4) to facilitate obtain-
ing a submerged tare weight when the bucket is empty. The
diameter of the sample buckets should not exceed nine inches
so they can be easily submerged in the larger water containers.
If only one sampler is being used during field operations, then
only one sample bucket is needed; however, three or four
spare sample buckets should be available. Tare weights will
vary among buckets, therefore all sample buckets should be
numbered. The sample buckets are suspended from beneath
the balance using a lightweight chain (Figure 2) and two
S-hooks.

Figure 4. Five-Quart Plastic Buckets.

A five-gallon bucket is used to hold water for submerged
weighing. An additional five-gallon bucket is used for rinsing
(Figure 2). Although metal buckets are shown in Figure 2,

plastic buckets are recommended because they are more dur-
able.

FIELD PROCEDURE

After setting up the balance as shown in Figure 2 and filling
the five-gallon buckets with water, attach the chain and five-
quart sample bucket to the bottom of the balance. Adjust the
position of the chain on the top S-hook until the five-quart
sample bucket is completely submerged. It is not necessary
to completely submerge the handle of the sample bucket
(Figure 1). Adjust the position of the five-gallon bucket so that
the submerged sample bucket is freely suspended in the water.
When these adjustments are finished, remove the sample
bucket and turn on the balance. The balance will automati-
cally zero, ignoring the weight of the chain and hooks. Select
the desired units (kilograms or pounds) on the balance, obtain
a submerged tare weight for each sample bucket and record it
with the bucket number.

It is not necessary to turn the balance on and off each time
a weight is obtained. If the battery in the balance was charged
the night before, it should last about 10 hours. The balance is
not designed to accept large instantaneous loads, so the opera-
tor must avoid snagging the chain or hook when submerging
a bucket. Hold the chain with one hand and slowly submerge
the bucket with the other hand. Sample buckets should al-
ways be submerged slowly to dampen oscillations in the five-
gallon bucket and to prevent material from being washed out
of the sample bucket. If the displayed readings vary due to
water oscillations, the balance can be set to display a five-
second average weight.

Bedload samples are emptied directly from the bedload
sampler into the five-quart sample buckets. For each sample,
the submerged weight of the bucket plus sample is carefully
obtained using the described method. After the submerged
weight and bucket number have been recorded, the sample
bucket is carefully removed and as much water as possible is
decanted back into the five-gallon weighing bucket. The sam-
ple is then discarded and 'the sample bucket is thoroughly
rinsed. Using a separate five-gallon bucket for rinsing prevents
the build-up of material in the weighing bucket, and it also
eliminates the need for any vigorous activity in the vicinity of
the balance. '

For single sampler operations, the same sample bucket can
be used to weigh each sample.. If this bucket is rinsed
thoroughly after each sample is weighed, then its submerged
tare weight will remain constant. This constant weight can be
accounted for by the balance, and the displayed weights will
be the actual submerged weights of the samples.

Field tests with collection rates of approximately one sam-
ple every three minutes show that the entire process of obtain-
ing the submerged weight, discarding the sample, and rinsing
the sample bucket can be completed easily by one person while
a second person is collecting the next bedload sample. The
field weighing process does not add any time to, nor in any
way encumber, the sampling process when a single sampler is
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