LIBRARY - DENVER

IRy

3 1819

UNITED STATES -
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

SUSPENDED-SEDIMENT AND VELOCITY DATA, AMAZON RIVER AND ITS

TRIBUTARIES, JUNE-JULY 1976 AND MAY-JUNE 1977

00074775 4

Open-File Report 79-515

s e W,

)
e PERE N
,,"'“wﬁ{’ 5 ;v'{"‘“\} wig A N

\ DEC 111980 )
N\ i ¥
%Mﬁwmww &:;Jaéiﬁ""w‘r

e



UNITED STATES DEPARTMENT OF THE INTERIOR
CECIL D. ANDRUS, Secretary
GEOLOGICAL SURVEY

H. William Menard, Director

For additional information write:

U.S. Geological Survey
Water Resources Division
Mail Stop 413, Box 25046
Denver Federal Center
Denver, Colorado 80225



UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

SUSPENDED-SEDIMENT AND VELOCITY DATA, AMAZON RIVER AND ITS

TRIBUTARIES, JUNE-JULY 1976 AND MAY-JUNE 1977

By Robert H. Meade, Carl F. Nordin, Jr., William ¥. Curtis,

Holly A. Mahoney, and Bruce M. Delaney

Open-File Report 79-515

Denver, Colorado

1979

SERERERERERERERRENENN



CONTENTS
Page
S Ao s e o st e A 1
InETO0dUC Lo oM e e e e e e e e e e e 1
Acknowled gmen b8 — —— —m m e e e e e e e e e 5
Sampling locatioms———— o e e e e e e 3
Sampling equipmen e —— e e e e e e e e e 5
Point sampler—— e e e e e e e e e 5
Depth-integrating sampler - -— 7
Bucket SampPles = e e et 9
Dip SampPles = e o e e e e e e e e 9
Ship's intake~==———m ——— Fa— 3 R 9
Shipboard processing of sampleg——s—————— e e 10
Laboratory processing of sampleg==———m o e e 10
Weighing of filters—————— o e 10
Size analysis of sand—————m—m e e e e 1%
Size analysis of silt and clay~——=—=—mrom e s 11
Measurement Of veloCi by mm e e e e e e 12
CUTTENE MO L QT = = oo o e e o e e e e e e e 1.2
Sample-bottle fill volumes————m—m o e e 12
Correction for ship drift———mmmm e e e e 5 12
RESUL L S = e e e e o e e e e e e 14
Principal cross sectiomng———————m———— e e e e e 14
Miscellaneous stations on mainstem and tributaries—-———-————v 15
Complete particle-size analyses——=————m—————mm s e 15
Miscellaneous velocity observations————————==————m————mmmmmm 15
Miscellaneous temperature observations———-———-——————m———m———- 16
R @ ONEE G~ o o e e e e e e e e e 16
ILLUSTRATIONS
Page
Figure 1. Map of Amazon River mainstem showing locations
where suspended sediment was sampled in 1976
and 197 7 m—mm e e e e e e e e 4
2. Point-sampling equipment——————=———mmm— e 6
3. Depth-integrating sampling equipment—=——————r—r————-—e—- 8
4. Calibration of nozzle intake velocity against
stream velocity for the bag sampler—-—---——=————=—=—=— 13

1id



Table 1.

TABLES

Concentration and partial particle-size analysis

of suspended sediment, and velocity of water, in

principal cross sections on Amazon River mainstem~—--
Concentration and partial particle-size analysis of

suspended sediment at miscellaneous stations on

Amazon River mainstem———————m—m e e
Concentration and partial particle-size analysis of

suspended sediment in rivers and lakes tributary

to Amazon River—--—--————w- —— o e 4 e e e e e e e
Complete particle-size distributions of selected

suspended~sediment samples from Amazon River

mainstem and Rio Madeira——————m——mm—mmmmmm
Comparison of particle-size analyses by visual-

accumulation (VA) tube and sieves in '"'sand"

fractions of selected suspended-sediment samples

from Amazon River mainstem and Rio Madeira~-————-—————-
Miscellaneous velocity observations———————m—————m—w———-

iv

Page

17

26

28

30




5

SUSPENDED-SEDIMENT AND VELOCITY DATA, AMAZON RIVER AND ITS
TRIBUTARIES, JUNE~JULY 1976 AND MAY-JUNE 1977

Robert H. Meade, Carl F. Nordin, Jr., William F. Curtis,
Holly A. Mahoney, and Bruce M. Delaney

ABSTRACT

During the high-water seasons of June-July 1976 and May-June 1977,
325 samples of suspended sediment were collected from the Amazon River
and its tributaries between Iquitos in Peru and the river mouth in
Brazil. The suspended sediment was collected with a point sampler, a
depth-integrating sampler, and a bucket or bottle dipped into the river.
Concentrations were determined by weighing the sediment caught on sieves
and membrane filters. Particle sizes were determined by wet sieving
and, to a lesser extent, by pipette and visual-accumulation tube.
Velocity data were collected with an Ott-type current meter and from
the volume and fill time of our samples. The suspended-sediment data
and associated velocity data are presented in tables,

INTRODUCTION

Suspended sediment was collected from the Amazon River and the
lower reaches of some of its tributaries during the high-water seasons
of 1976 and 1977. All the samples were collected during two cruises of
Research Vessel Alpha Helix. Between June 10 and July 8, 1976, Alpha

Helix proceeded upriver from Belém, near the mouth of the Amazon in

Brazil, to Iquitos in Peru. Between May 18 and June 6, 1977, the ship
traversed the same reach of the Amazon mainstem in the downstream
direction. :

This report describes our sediment-sampling equipment, procedures
for measuring water velocity, shipboard procedures for separating
suspended sediment from river water and preserving the samples, and
laboratory procedures for determining the concentration and particle
sizes of suspended sediment. The data on suspended sediment, with
corresponding measurements of the velocity of the water, are listed in
tables 1-6. Data on the bed material collected from the Amazon River
during the same cruises are reported by Nordin and others (1977, 1979).
Interpretive reports of these data are being published elsewhere.
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SAMPLING LOCATIONS

The locations where samples were collected from the Amazon River
and its tributaries are shown in figure 1. The station numbers given
to most of the sampling localities were also used by other investigators
on the cruises. Some of the sampling localities on the tributaries are
not numbered; they are identified in the tables by the name of the
tributary. Other unnumbered samples were taken at gaging sections
where streamflows are measured at regular intervals (usually monthly) by
Hidrologia S. A. and CPRM, for Centrais Elétricas Brasileiras S. A.
(ELETROBRAS), and for the Divisdo de Concessdo de Recursos Hidricos of
DNAEE. These principal measuring sections are:

Longitude (W) at

Section Location
‘ Middle of section
S3do Paulo 6 km below Sdo Paulo 69° 00'
de Olivenga 757 km below Iquitos (Chart P4 112 B)
Santo Anténio 9 km below Santo Anténio 68° 00'
do I¢id 909 km below Iquitos (Chart P4 112 A)
Itapeda 12 km below Coari 63° 03"
1,745 km below Iquitos (Chart P4 108 B)
Manacapuru ' 6 km below Manacapuru 60° 34"
' 2,086 km below Iquitos ; (Chart P4 107 A)
Obidos 2 km below Obidos 55° 30.5'
2,827 km below Iquitos ’ (Chart P4 104 A)

In addition, samples were collected at two other principal sections on
the Amazon River (one in Peru, one in Brazil) where streamflow is. not
measured regularly:

Iquitos 25 km below Iquitos 73° 14.5"
(Chart P4 116 A)
Iracema 7 km above mouth of Rio Madeira 58°49"'
2,315 km below Iquitos (Chart P4 106 A)

When reporting a location on the Amazon in degrees and minutes of
latitude and longitude, reference must be made to the map or chart from
which the coordinates were taken. Different series of maps and charts
(and even adjacent charts in the same series) often disagree by several
kilometers on the latitudes and longitudes of specific localities such
as towns.
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Figure 1.--Map of Amazon River mainstem showing locations where
suspended sediment was sampled in 1976 and 1977.
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The charts referred to in the series P4 101 A, and so forth, are
the 1-to-100,000-scale piloting charts of the river, published by the
Hydrography and Navigation office (Diretoria de Hidrografia e Navegagdo)
of the Brazilian Navy under the name of Cartas de Practicagem da
Flotilha do Amazonas--Marinha do Brasil. These charts cover the river
from Macapd (near the mouth) to Iquitos, which is the part of the river
that is generally navigated by ocean-going ships. The thalweg distances
below Iquitos listed in some of the tables were scaled off these charts
with a pair of dividers.

The maps referred to in the series SA-18, SA-~19, and so forth, are
parts of the 1-to-1,000,000-scale map of the world (1301 series), which
are available from the U.S. Defense Mapping Agency.

Because the Amazon is an international river, the names applied to
parts of its mainstem are not universally agreed upon. Below the
confluence of Rios Marafion and Ucayali, the Peruvians and Colombians
call the mainstem "Rio Amazonas'. The Brazilians, however, call the
river "Maranén'' upstream of the Peru-Brazil border, "SolimBes" between
the border and the mouth of Rio Negro, and "Amazénas' only below the
Negro-Solimées confluence. 1In this report, we call the river below
Iquitos (Marafion-Solimdes-Amazénas) the 'Amazon River mainstem."

SAMPLING EQUIPMENT

Alpha Helix is an oceanographic research vessel. It is 40.6 meters (m)
long, which is a sufficient size to comfortably accommodate our operations.
Of particular use to us was the hydraulically-operated A-frame on the
stern from which we operated our heavy sampling equipment.

Two special arrays of equipment were used to sample the suspended
sediment and measure the velocity in the Amazon. The great depths
(to 75 m) and high velocities (to 3 m per second) at the sampling
sites required modifications to the standard types of sampling equipment
that are used in the much shallower rivers of the United States.

Point sampler

In 1976 and 1977, we used the specially designed point-sampling
array shown in figure 2. The upper part of the array is a modified
‘version of the US P-63 point sampler (Guy and Norman, 1970, p. 8). This
sampler weighs about 90 kilograms (kg). It has an intake nozzle that is
designed to admit water and suspended sediment at the velocity at which
they are moving in the river, and it has a remotely-operated valve that
opens and closes the intake after the sampler has been lowered to the
desired depth in the river. The US P-63 sampler was modified for use in
the Amazon by enlarging the inner cavity to accommodate a 1.5-liter (L)
bottle (usual capacity is 1 quart). A separate 1.5-L bottle is placed
into the cavity for each sample.
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Hanging below the P-63 sampler is a cylindrical air chamber which
is open to the river through small holes drilled in the bottom, and
which is connected to the sampler by a plastic hose. This provides
extra air capacity so the air pressure behind the sampler nozzle can
remain in equilibrium with the ambient water pressure as the sampler is
lowered into the river. Fore and aft of the lower cylinder are a nose
and tail of solid metal that provide stability and. extra weight.

A depth transducer is mounted in the small vertical well about a
third of the distance back from the nose of the lower fish. This was
connected through the cable to a recording chart in the ship's laboratory,
where we hoped to get a clear indication of the distance between the
sampler and the river bcittom. The actual depth of the sampler was
sometimes difficult to measure from the river surface in fast deep
parts of the river where visible wire angles were nearly 40°. Although
the sounder did indicate the distances of the array off the river bottom
in some instances, this system proved to be unreliable.

We used the point sampler to sample at single fixed depths in the
river, and, at some of the upriver sections in 1976, we used it (with
the intake valve left open) as a depth~integrating sampler. The l-m
point samples listed for Sdo Paulo de Olivenca and Santo Anténio do Ig&
in 1977 were taken with the large-volume bag sampler described below; all
other point samples were taken with the modified P-63 point sampler.

Depth-integrating sampler

In 1977, all depth-integrated samples were collected with a depth-
integrating sampler that had been previously developed to obtain large-
volume samples in the Columbia River estuary (H. H. Stevens, Jr. and
G. A. Lutz, written communication, 1969). This sampler consists of a
streamlined nose cone, into which standard sampling nozzles are fitted,
and a rack holding a 2-gallon plastic jug (fig. 3). The jug is bored
with a number of large holes to allow for equal pressures inside and
out. Into the neck of the jug is placed a collapsed plastic bag from
which all air has been removed.

As the sampler enters the river, the force of the water flowing
into the nozzle opens the plastic bag to accept the sample. The sampler
is lowered to the bottom of the river and raised to the surface at a
uniform vertical rate. Because the water flows into the nozzle at
ambient velocity, the resulting sample is weighted for differences in
velocity. 1In our operation, we changed jugs with each new sample and
left the plastic bags inside the capped jugs until we were able to
process the samples.
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Figure 3.--Depth-integrating sampling equipment. Overall length, not
including nozzle is 0.9 m. Large volume bag sampler is mounted
in the sampling array in the position that was occupied by the
P-63 sampler during point sampling.
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With the depth-integrating bag sampler, we recovered samples as
large as 6 L. The sampler is essentially trouble-free, because it
has no moving parts or electrical circuitry, and it relies on the
velocity of the river to impel water into the sampler. Furthermore, as
with all depth-integrating samplers, the concentration of sediment in
the sample, because it is already weighted for differences in velocity
at different depths in the river, can be multiplied directly by the
corresponding component of discharge to compute sediment load.

Bucket samples

At many stations, we sampled the suspended sediment in waters at
the surface of the river by lowering a bucket over the side of the ship.
At most of the stations we sampled in 1976, the bucket was dipped into
the river, and a representative 1.5 L were poured into a plastic
bottle and stored until it could be processed. At most of the stations
we sampled in 1977, the bucket was dipped twice in rapid succession. A
1.5-L fraction was taken from each bucket, and the two fractions
were combined and treated as a single sample in the laboratory procedure
that followed.

Dip samples

Samples from most of the tributaries were collected by dipping two
1.5-L bottles directly into the river from the side of a small boat.
The contents of the two bottles were combined and treated as a single
sample in the subsequent laboratory procedure.

Ship's intake

A few samples were taken in 1976 from the ship's "saltwater" line
that pumped water into pipes from an intake located about 1 m below the
water line. Samples were collected in two or three 1.5-L bottles
at a time; contents of the bottles were combined and treated as single
samples in subsequent laboratory procedures. The samples that were
collected from the ship's intake are somewhat suspect because silt
particles collected in parts of the piping system (and had to be cleaned
out of a silt trap occasionally). The silt particles may have either
settled out or been added to some samples.



SHIPBOARD PROCESSING OF SAMPLES

In 1976, all the samples were collected or retained in 1.5-L
plastic bottles. The entire contents of each bottle were filtered,
under about 1 atmosphere of pressure, through a preweighed membrane
(Milliporel!) filter having a nominal pore diameter of 0.45 micrometer (um) .
The filters were then dried in a shipboard oven at about 50°C, and sealed

_into individual Petri dishes for.transfer to.the laboratory.in Denver.

- In 1977, we followed a more detailed procedure aboard ship. All
samples were first passed through a 0.053-millimeter (mm) sieve. The
sand and coarse silt particles retained on the sieve were washed into
plastic vials for transfer to Denver. The portions of the samples that
passed the sieve were then filtered through the 0.45-pym membrane filters
and treated as before.

If the sample volume that passed the sieve was so large that it was
likely to clog the membrane filter before all the water had passed
through (this applied to some of the large-volume samples taken with
the depth-integrating bag sampler), it was split down to manageable size
with a USGS churn-type sample splitter. The churn splitter is designed
so the sample can be agitated at an uninterrupted steady rate at the same
time that splits are withdrawn. The distributions of particle sizes
of suspended sediment in the splits are representative of those in the
complete sample.

From a selected group of large-volume samples (those listed in
table 4), we made splits for detailed size analyses of the silt and
clay. These splits had already been screened through the 0.053-mm
sieve, but were not filtered further aboard ship. They were stored in
plastic bottles and shipped back to the United States for pipette
analysis.

LABORATORY PROCESSING OF SAMPLES
Weighing of filters

The amounts of material retained on the membrane filters were
weighed in our laboratory in Denver. The filters had been preweighed
individually in the same laboratory before the cruise. The filters and
their attached sediment were heated overnight in an oven at 110°C to
remove adsorbed water, were allowed to cool to room temperature in a
desiccator, and were weighed to the nearest 0.1 milligram (mg). To

1The use of the brand name in this report is for identification
purposes only and does not imply endorsement by the U.S. Geological
Survey.
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correct for changes in the weight of the filters themselves, a blank
filter was paired with every fifth filter. The paired filters were
weighed separately at the beginning, then stacked and treated as a
single filter through the filtering and drying process; and they were
weighed separately again at the end.

Size analysis of sand

The particle-size distribution of the suspended material coarser
than 0.053 mm was analyzed by wet sieving, in two different sequences of
steps. In 1976, when whole samples (including sand) were retained on
membrane filters, we dried and weighed the filters as described above,
and then we scraped the filters thoroughly with a rubber policeman. The
material scraped off the filters was sieved wet through a nest of sieves
having openings of 0.25, 0.125, 0.063, and 0.053 mm. In 1977, when we
made preliminary separations of the fraction coarser than 0.053 mm
aboard ship, we dried and weighed these fractions in the laboratory and
then sieved them wet through the same nest of sizes we used in 1976. °
Selected samples were analyzed both by wet sieving and by the visual-
accumulation tube (Guy, 1969, p. 30-38); the results of these comparative
analyses are listed in table 5.

Size analysis of silt and clay

The distributions of particle sizes finer than 0.053 mm were
determined in only a few selected samples that we were able to
ship back to the United States in bottles in 1977. These samples had
been screened through a 0.053-mm sieve, and portions of each had been
split off for filtering through membrane filters, but they were
otherwise untreated or unchanged. After the bottles had arrived in
Denver, we allowed them to sit undisturbed for a week, so essentially
all sediment would settle out of suspension. We then siphoned off most
of the supernatant water and transferred the sediment and remaining
water into small containers. Some samples had to be combined with
similar samples from adjacent stations (point samples from the same
depths, depth-integrated samples from similar depth intervals) to obtain
enough sediment for analysis. The pipette analyses were made in the
USGS laboratory in Albuquerque, following the procedures described by
Guy (1969).

11




MEASUREMENT OF VELOCITY
Current meter

Most of our velocity measurements were made with a current meter
(of the type described by Smoot and Novak, 1969) mounted just above the
sediment sampler and connected through the cable to a recording chart in
the ship's laboratory. This meter recorded point velocities where we
took point samples of sediment, and depth-integrated velocities where we
took depth-integrated samples.

This type of current meter proved to be less than completely
satisfactory for routine measurement of velocity in the river. Because
small sediment particles could lodge in the meter and render it in-
accurate, we were obliged to disassemble and clean the meter more
frequently than convenience allowed. In the future, we would
recommend using a less sensitive instrument for these operating
conditions.

Sample-bottle fill volumes

At times when the current meter was not operating satisfactorily,
we were able to measure the velocity of the water from the amount of
water recovered in a sample. Because the sampler nozzles we used are
calibrated for velocity, we could compute the mean velocity over the
sampling period (that is, the length of time for which the sampler was
open in the water) by dividing the sample volume by the product of the
nozzle area and the sampling time. The nozzles for the bag sampler were
calibrated in the laboratory and the field; the calibration curve is
shown in figure 4.

Correction for ship drift

Velocity was measured while the crew of Alpha Helix held the ship
as steady as possible, relative to a fixed position on the river bed, in
the moving current of the river. At some of the principal measuring
sections--Santo Anténio do Igd in 1976, Manacapuru and Obidos in
both 1976 and 1977--the position and drift of the ship were tracked by
surveying crews who measured theodolite angles from either end of a
baseline of known length on shore. These angles allowed us to correct
our velocity readings for the periods (usually 2 minutes each) during
which we measured. Because the velocity corrections related to ship
movement were almost always less (and usually substantially less) than
10 percent of the water velocity, we were confident of the crew's
ability to hold the ship steady in the current.

12
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RESULTS
" Principal cross sections
Most of our samples, in both 1976 and 1977, were coliected in the
principal cross sections on the Amazon River mainstem between Iquitos

and Obidos. Data for these samples are listed in table 1.

Some of the headings and designations in table 1 require further

explanation. The heading "cross-channel station" refers to the stationing

used locally by the Brazilian groups (Hidrologia and CPRM) that measure
the streamflow through these sections. In the "depth of sample" column,
the odd depths listed for some of the depth-integrated samples taken

in 1976 (0-10-8, 0-15-~5, for example) represent samplings with the P-63
sampler where the intake had to be closed before the integration from
the bottom of the sampled zone to the surface was complete, to avoid
overfilling the sample bottle. This resulted from too slow a transit
rate, and in those few cases listed in table 1, we were not able to
resample because of time limitations. The concentrations in the

sampled zone, for example, in 0-15-5, would be slightly higher than the
concentration in 0-15-0. Point samples taken at a depth of 1 m off the
stern of Alpha Helix probably represent a mixed sample of the upper
several meters of the river, because the ship's draft is 3 m. The
concentrations listed in each size category are cumulative: for example,
the concentration "coarser than 0.063 mm" is not only the material
between 0.063 and 0.125 mm, but the total of the material in all size
categories coarser than 0.063 mm.

The last two columns of table 1 show the velocities associated
with the samples and the types of velocity measurements. The designa-
tions "Meter," "Fill,'" and "Profile" indicate velocities obtained from
current meter measurements, sample-bottle fill volumes, and plotted
velocity profiles where the profile data were collected before the
samples were taken. All velocities were corrected for ship drift at
Sarto Anténio do I¢4, Manacapuru, and Obidos in 1976. Also corrected
for ship drift were the velocities measured at Manacapuru on May 27, 1977,
(a.m. only) and at Obidos on June 3, 1977. All "Fill" measurements were
corrected for the hydraulic efficiency of the sampler nozzles (figure 4).

Some comments are necessary on the quality of the sediment data.
The sediment samples were of uniformly good quality at Iquitos and Santo
Antbénio do I¢4 in both years, and at all the principal sections in 1977.
In 1976, however, we had enough difficulty with the sampling equipment
and procedures at Sdo Paulo de Olivenga, Manacapuru, and Obidos to
require that some of the data be discarded or adjusted. At S3o Paulo de
Olivenga in 1976, a partial blockage of the sampler intake coincided with
an anomalously low recovery of suspended sand; only the minimum con-
centrations (that is, the amounts we actually recovered) of material
coarser than 0.053 mm are reported in table 1. At Manacapuru, we had
even more serious difficulties with our sampling procedure. Although we

14
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collected about 40 point samples at Manacapuru in 1976, we had confidence
in only the few that are reported in table 1. 1In 1977, by contrast, we
made our most comprehensive collection of high-quality samples at
Manacapuru. At Obidos in 1976, we also had problems of undersampling

the sand fraction, but we were able to make fairly reasonable corrections
by comparing meter-measured velocities with the volumes of the recovered
samples. The concentrations of sand sizes reported for Obidos on

June 15, 1976, in table 1 have all been adjusted to compensate for the
sampling error; the concentrations of sediment finer than 0.053 mm
needed no adjustment, and are reported as measured.

Miscellaneous stations on mainstem and tributaries

The samples of suspended sediment collected between the principal cross
sections are listed in downstream order in table 2. Samples from the
tributary rivers and lakes are listed in table 3. Included in this table
are fairly complete measurements made in 1977 of the suspended sediment in
one cross section each of Rio Negro and Rio Madeira. ;

Complete particle-size analyses

Table 4 contains the data from the samples of which we were able
to make complete particle-size analyses. Sizes finer than 0.053 mm were
analyzed by pipette; sizes coarser than 0.053 mm were analyzed by sieve.
Where two or more samples had to be combined to provide enough sediment
for the pipette analysis, the results of the sieve analyses of the sand
fractions of the same samples were averaged and weighted for differences
in concentration. Where the concentration of material finer than 0.053 mm
determined during the pipette analysis disagreed significantly with the
concentration determined from the filtering of a split of the same sample,
the difference was noted in the "Remarks" column of table 4. 1In cases of
disagreement, the concentration determined by filtering was assumed to be
correct.

Table 5 contains the results of comparisons of two different methods
of determining the size distribution of sands. The 'sand" fractions
referred to in the title and headings of the table are the fractions
coarser than 0.053 mm that we separated in the ship's laboratory. When
the sand sizes are expressed as percentages of the total sample, the
two methods give results that agree closely with each other.

Miscellaneous velocity observations
Table 6 contains the data on measured velocities that were not
already listed in table 1. Note in table 6 that the velocities are

located vertically by their distance from the river bed rather than by
their depth below the water surface. "Point" measurements were obtained
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by holding the current meter in the flow and recording the velocity

for 2 or more minutes. '"Integrated" measurements were obtained from
velocity profiles that were recorded by lowering the meter slowly to
the river bed and back to the surface: the velocity reported at each
selected depth is the mean of two measurements, one made as the meter
was being lowered and the other as the meter was being raised.
Corrections for ship drift were applied to velocities listed in table 6
for Santo Anténio do Ig¢d and Manacapuru in 1976.

Miscellaneous temperature observations

Although the individual data are not tabulated in this report, we
recorded the temperature of the water at the river surface at about
25 places in 1976 and about 40 places in 1977. All temperatures in the
Amazon River mainstem in 1976 were within 1°, more or less, of 26°C;
those in 1977 were within 1° of 27°C. Some higher temperatures (up to
a maximum of 33°C) were recorded in the Rio Negro, Lago Tefé, and other
tributaries that contained low concentrations of suspended sediment.
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Table l.~--Concentration and Purtial Particle-size Analysis of Sucpended Scdiment, and Veloeity of Water, In

Prineipal Cross Sections on Amazon River Maingtem

Concentration of suspended matter (mg/l)

Distance Cross Depth Depth T ¢
from channel of of y;e - p " Velocity Type (i
left bank station water sample [>) . 5 iner oarser Coarser Coarser oarser (m/s) velocity
(m) (m) (m) (m) sample otal than ) than than than than measurement
0.053 mm 0.053 mm 0.063 mm 0.125 mm 0.25 mm
Iquitos, July 8, 1976
240 - - 24 0 Bucket 174 165 9 5 1 ——— ———— e
240 - - 24 0-10 Depth-Int, 251 202 49 38 18 3 1.82 Profile
240 ———— 24 10 Point 320 268 52 32 5 4] 1.76 Meter
240 24 0-18 Depth~Int. 328 255 73 55 18 2 1.70 Profile
240 ——— 24 20 al Point 566 326 240 203 97 33 1.34 {eter
240 ————— 24 23.5~ Point 812 386 426 375 201 38 " .78 feter
490 ————— 23 [4] Bucket 95 94 1 <1 e S
490 ———— 23 0-9 Depth-Int. 262 227 35 22 2 0 1.70 Profile
490 ————— 23 0-10-8 Depth~Int. 356 276 80 58 . 19 <1 1.20 Profile
490 = eemmee- 23 0-23 Depth-Int. 404 310 94 : 68 20 2 1.62 Profile
730 m—meeem 22 0 Bucket 142 133 9 7 5 1 Y mmme e
730 —— 22 0-9 Depth-Int. 218 191 27 17 7 2 2.12 Profile
730 meeeee— 22 0-19 al Depth~Int. 321 261 60 45 13 1 1.80 Profile
730w 22 215~ Point 592 296 296 267 175 21 .68 Meter
Iquitos, May 20, 1977
160 21 0 Bucket 115 111 4 2 — mmm—— ———— e
160 21 0-7-0 Depth~Int. 177 . 161 16 11 e 1.76 Meter
160 21 ¢~15-0 Depth-Int. 311 247"/ 64 43 6 1 1.98 Meter
160 21 0-21-0 Depth-Int. 435 288~ 147 115 i 36 2 . 1.94 Meter
400 28 0 Bucket _ 100 99 1 - — — o e e
400 28 0-28-0 Depth-Int of 362 234 128 112 67 14 2.35 Meter
400 28 0-28-0 Depth-Int.~ 359 244 115 98 54 9 1.84 Fill
600 = memme—— 25 0 Bucket 146 140 6 2 — ——— —— ——————
600 25 0-8-0 Depth~Int. 181 161 20 9 1 <1 2.20 Meter
600 25 0-15-0 Depth-Int. 240 199b/ 41 31 13 2 1.92 Meter
550 25 0-25-0 Depth-Int. 419 225~ 194 179 122 31 1.84 Meter
830 = eeewe—— 23 0 Bucket 137 132 5 2 — ——— e T
830 W mmmmee- 23 0-23-0 Depth-Int. 441 267 174 152 60 4 1.20 Meter
9%0 ——— 22 0 Bucket 128 123 5 1 wze ——— —— wee—- -
990 — 22 0-7-0 Depth~Int. 238 202b / 36 19 4 — 2.00 Meter
990 ———— 22 0-15-0 Depth-Int. * 290 233;, 57 42 10 2 1.85 Meter
990 —————— 22 0-22~-0 Depth-Int. 336 236~ 160 84 34 2 1. 66' Meter



Table l.--Concentration and Partial Particle-size Analysis of Sugpended Sediment, and Veloeity of Water, In
' Prineipal Crose Sections on Amazon River Mainstem--Continued

Distance Eross Depth Depth Concentration of suspended matter (mg/L)
N Type Type of
3 com chanuel ot of of Finer C r C e Coarser Coarser  velocity velocit:
left bank station  water sample 1 Total oarse 0arpex oarse ol rse (m/8) o
(m) (m) (m) (m) sample ota than than . than than than measurement
0.053 nm 0.053 mm 0.063 mm 0.125 mm 0.25 mm
Sdo Paulo de Olivenga, July 1, 1976
240 1,200 32 0 Bucket 127 124 3 —— e ——— —— ECN
240 1,200 32 0-10-0 Depth~Int. i 183 234 — ———— ———— 1.54 Fill
240 1,200 32 15 Point —-— 200 227 —-—- —— —— 1.82 Meter
240 1,200 32 20 . Point —— 235 330 — i TR 1.85 Meter .
240 1,200 32 25 Point — 222 »28 — —-— —— 1.70 Meter
240 1,200 32 30 Point -— 274 >38 — — — 1.21 Meter
700 740 36 0 Bucket 175 166 9 — — —— — B
700 740 36 0-10-0 Depth~Int. — 238 333 ——— —~— —— 2.18 Profile
700 740 36 ' 0-20 Depth-Int. - 241 233 e s e 2.12 Profile
fary 700 740 36 0-29 Depth-Int, —~— 282 366 — —— —— - 2.38 Fill
(o] 700 740 36 0-33 Depth~Int, ——— 284 268 —-— — ———— 1.99 Fill
980 : 460 13 0 Bucket 195 185 10 — — —— —— —————
980 * 460 13 0-10-0 Depth~Int, — 237 255 -— — i 1.37 Fill
930 460 13 103/ Point — 246 231 —— -—— ——— .88 Meter
980 460 13 12= Point —— 241 251 -— ——— — .78 Meter
S3o Paulo de Olivenga, May 22, 1977
70 1,330 25 0 Bucket 96 93 3 2 s . e e
70 1,330 25 1 Point 142 132 10 6 1 <l 2,02 Fill
70 1,330 25 0-25-0 Depth-Int. 304 201 103 85 25 2 1.66 Fill
490 910 32 0 Bucke / 75 73b / 2 2 — —— ——— ———
510 ‘890 30 1 Pointa-/ 105 98;-/ 7 5 2 <1 2.12 " Meter
490 910 32 1 Point= 134 1185-/ 16 10 3 <1 2,33 Fill
490 910 32 0-32-0 Depth-Int. 236 165~ 71 60 29 i 6 2.19 Fil1
810 590 27 0 Bucket 87 84b/ 3 2 — — ———— ee———
830 570 27 i Point 168 1423/ 26 17 3 <1 1.97 Fill -
810 590 27 0-27-0 Depth-Int. 312 176~ 136 117 57 5 2,08 Fil1
1,140 260 16 0 Bucket 129 llﬁb/ 13 8 1 <1 m—— ——————
1,140 260 16 1 Point i 157 1214“/ 33 25 8 1 1.54 Fill
1,140 260 16 0-16-0 .Depth-Int. 297 155 142 132 104 29 1.81 Fill
1,350 50 16 0 Bucket 104 99b/ 9 5 1 <1 ———— e
1,350 50 16 1 Point 148. 1223/ 26 19 3 <1 1.81 Fill
1,350 50 16 0-16~0 Depth-Int, 230 150~ 80 65 26 4 1.45 Fill
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Table 1.--Concentration and Partial Particle-size Analysis of Suspended Sediment, and Velocity of Water, In

Principal Cross Sections on Amazon River Mainstem--Continued

Concentration of suspended matter (mg/L)

Distance Cross Depth Depth T £
from channel of of Type Fi c c Coats c Velocity y§>e 2t
left bank SEation A teE saiiple of iner oarser oarser oarser oarser fuls) velocity

(m) (m) (m) () sample Total than than than than than measurement
0.053 - mm 0.053 mm 0.063 mm 0.125 mm 0.25 mm
Santo Auténio do Ig4, June 29, 1976
330 330 26 0 Bucket 64 57 7 6 4 2e/ ———— ememeea
3lo 310 26 0~10-1 Depth-Int. 116 90 26 19 6 &= 2.60 Profile
300 300 26 0-10-3 Depth~Int, 144 120 24 18 4 Oe/ 2.60 Profile
320 320 26 0-17 Depth-Int, 181 129 52 41 14 2= 2.58 Profile
330 330 26 24 Point 382 192 190 174 84 2 2.30 Meter
800 800 23 0 Bucket 122 113 9 6 3 1@ —— e
800 800 23 0-10-0 Depth-Int. 236 182 54 41 20 5 2.02 Profile
800 800 23 0-15-5 Depth-Int. 239 182 57 46 27 7 1.94 Profile
800 800 23 0-20 Depth~Int. 225 185 40 31 15 2 1.81 Profile
1,100 1,100 18 0 Bucket 156 144 12 8 4 2—e-/ cemm memeene
1,100 1,100 18 0-10-0 Depth~Int. 259 201 58 47 . 25 7 1.89 Profile
1,100 1,100 18 014 Depth-Int. 226 190 36 27 12 4 1.82 Profile
1,100 1,100 18 0-16-8 Depth~Int. 275 212 63 51 29 8 1.73 Profile
1,310 1,310 19 0 Bucket 167 157 10 6 1 Oe/ i
1,280 1,280 19 0-10-0 Depth-Int. 242 205 37 26 10 3= 1.70 Profile
1,280 1,230 19 0-—16—4_ Depth-Int. 269 210 59 49 28 8 1.61 Profile
1,850 1,850 23.5 o Bucket 86 82 4 4 2 —— ———— e
1,850 1,850 23.5 5 Point 193 170 23 16 5 <1e/ 1.74 Heter
1,850 - 1,850 23.5 10 Point 199 170 29 22 9 2= 1.73 Meter
1,850 1,850 23.5 15 Point 243 184 59 49 26 3 1.51 Meter
1,850 1,850 23.5 20 Point 381 234 147 129 82 9 1.24 Meter
1,850 1,850 23.5 22.5 Point 283 215 68 59 32 4 1.01 Meter
Santo Anténio do I¢4, May 23, 1977
150 150 27 0 Bucket 52 l»6b/ 6 5 1 tr o h L mmemeseseas
150 150 27 1 Point 70 583/ 12 9 2 <1 1.54 Meter
150 150 27 0-27-0 Depth-Int. 184 107— 77 65 12 1 1.92 Meter
500 500 28 0 Bucket 53 Slb / 2 1 - — —— eme——e-
500 500 28 1 Point 101 89;, ] 12 9 2 <1 2.02 Meter
490 490 28 0-28-0 Depth-Int. 252 129~ 123 113 74 3 2.60 Meter
940 940 21 0 Bucket 132 121 11 7 tr tx — e
960 960 21 1 Point 170 140 30 22 6 <1 1.40 Meter
960 960 21 0-21-0 263 ° 163 100 91 62 15 1.64 Meter

Depth-Iat.



Table 1.-~Concentration and Partial Particle-size Analysiz of Suspended Sediment, and Veloeity of Water, In
Principal Cross Sections on Amazon River Maingtem--Continued

Concentration of suspended matter (mg/L)

Distance Cross Depth Depth TivE Type of

from channel of of IP = Veloclity yP

of Finer Coarser Coarser Coarser Coarser velocity

left bank station water sample (m/8)

(w) (m) (m) (m) samnle Total than than than than than measurement

. ’ 0.05J nm  0.053 mm  0.063 mm  0.125mm  0.25 mm
Santo Anténio do I¢4, May 23, 1977--Continued
1,370 1,370 21 0 Bucket 90 87b/ 3 2 1 ——— ——— eeeee——
1,360 1,360 21, 1 Foint 185 153§/ 32 25 8 1 1.81 Meter
1,370 1,370 21 0-21-0 Depth-Int. 231 142~ 89 79 51 7 2.00 Meter
1,700 1,700 24 0 Bucket 53 53b / tr — - —— TR P
1,700 1,700 24 1 Point 90 82;/ 8 5 1 o - 2.01 Meter
1,700 1,70C 24 0-24-0 Depth-Int. 285 167~ 118 103 45 2 1.76 Meter
Itapeda, May 26, 1977 A

280 720 52 0 Bucket * 52 50 2 1 -— R e R P

280 720 52 0-52-0 Depth-Int. 195 131 64 53 17 2 1.95 Meter

500 500 60 0 Bucket 70 62 8 6 1 —— —— e

- 500 500 60 0-60-0 Depth-Int, 129 103 26 20 4 <1 2.89 Meter
o .
760 240 75 0 Bucket 51 49 2 1 - —-— ————l eeeee—
760 240 75 0-75~0 Depth-Int. 144 104 40 33 13 8 2.42 Meter
Manacapuru, June 22, 1976

~500 ~2,800 ‘24 b} Ship's Intake 28 26 2 1 <1 — — —————

690 2,640 28 10 Pci_nt 53 38 15 ‘ 11 4 —-— 1.3¢9 Meter
1,260 2,070 36 10 Point 66 45 21 18 8 - 2.10 Meter
-1,500 ~1,800 51 1 Ship's Intake 35 31 4 3 <1 — —— —————
1,700 1,630 39 10 Point 132 90 42 34 6 1 2.10 Meter
2,150 1,180 32 10 Point 132 55 45 36 7 1%5 2.30 Meter
2,170 1,160 32 20 Point 173 101 72 58 13 :/ 1.65 Meter
2,170 1,160 32 25 Point 178 108 70 56 13 1= 1,50 Meter
2,170 1,160 32 29 Point 260 123 137 119 39 3 1,40 Meter
2,570 760 35 10 Point 81 46 35 31 15 1 1.43 Meter
~2,600 ~700 38 1 Ship's Intake 30 28 2 1 <1 — — —————
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Table 1.--Concentration and Partial Particle-size Analyois of Suspended Sediment, and Veloeity of Water, In

Principal Cross Sections on Amazon River Mainstem--Continued

Distance CroEs Depth Depth Concentration of suspended matter (mg/L)

Type Type of
1 £1om channsl el Rt of Finer Coarser Coarser . Coarser Cearser Velocity velocity
eft bank station water sample 1 (n/s)
(m) (m) (m) (m) sample Tota than than than than than measurement
0.053 mm 0.053 mm 0.063 mm 0.125 mm 0.25 nm
Manacapuru, May 27, 1977 (a.m.)
100 3,230 2 1 Point 38 34 4 4 3 0 1.35 Meter
110 3,220 28 10 Point % 70 60 10 8 3 3 1.20 Meter
120 3,210 28 20 Point 139 101 38 29 ‘9 <1 .68 Meter
110 3,220 28 25 Point 178 111 67 57 25 <1 .43 Meter
780 2,550 26 i 3 Point 112 93 19 16 5 <1 .99 Fill
800 2,530 26 10 Point 112 94 18 14 3 <1 1:37 Fill
800 2,530 26 20 al Point 167 114 53 46 21 3 1.03 Fill
790 . 2,540 26 25,5~ Point - 384 116 268 . 258 221 71 .79 Fill
1,240- 2,090 34 1 Point 101 83 18 14 3 <1 2.20 Meter
1,240 2,090 34 10 Point 131 96 35 30 11 1 1.99 Meter
1,230 2,100 34 20 Point 180 104 76 70 43 8 1.82 Meter
1,230 2,100 34 30 a/ Point 265 119 146 138 105 19 157 Meter
1,230 2,190 34 33.5~ Point 822 116 706 691 643 202 1.04 Meter
1,570 1,760 44 1 Point 167 125 42 33 8 3 1,52 Fill
, 560 1,770 44 10 Point 206 144 62 3 15 4 1.58 Fill
,560 1,770 44 20 Point 199 133 66 54 17 3 1.34 Meter
1,560 1,770 44 29 Point 235 150 85 72 25 3 1.27 Meter
1,560 1,770 44 38 al Point 280 163 117 103 47 11 197 Meter
1,560 1,770 44 43.5~ Foint 278 132 146 133 73 19 .59 Fill
1,950 1,380 30 1 Point 230 122 108 100 79 17 2.22 Meter
1,920 1,410 30 10 Point 261 182 79 64 25 2 2.09 Meter
1,870 1,460 30 20 , Point 306 201 105 88 39 6 1.80 Meter
1,860 1,470 30 25 al Point 368 215 153 134 71 12 1.63 Meter
1,880 1,450 30 29.5~ Point 619 261 358 334 224 67 .73 Meter
2,460 870 35 1 Point ~69 50 ~1of-’ — —— — 1.32 Meter
2,500 830 35 10 Point 112 89 23 18 4 1 1.24 Meter
2,530 800 35 20 Point 148 105 43 35 11 2 1.17 Meter
2,510 820 35 30 a/ Point . 241 118 123 111 55 7 .79 Meter
2,490 840 35 34.5~ Point 294 122 172 159 108 23 35 Meter
2,960 370 23 1 Point 101 64 37 34 19 5 1.43 Meter
2,970 360 23 10 Point + 145 109 36 . 29 6 <1l 1.30 Meter
2,940 390 23 20 Point 316 179 137 114 44 3 77 Meter

2,930 400 23 22.5§-lv Point 636 200 . 436 406 283 41 .47 Meter



Table l.--Concentration and Partial Particle-size Analysis of Suepended Sediment, and Velocity of Water, In A
Prineipal Cross Sections On Amazon River Mainstem--Continued )

Concentration of suspended matter (mg/L)

Distance Cross Depth Depth Type Type of
from channel of of Velocity
left bank station water sauple ofl Total Finer Coarser Coarser Coarser Coarser (n/s) velocity
(m) (m) (m) (m) sample than than than than than measurement
0.053 mm 0.053 mm 0.063 mm 0,125 mm 0.25 mm
Manacapuru, May 27, 1977 (p.m.)
190 3,140 27 0 Bucket 34 33 1 i — ——— w—— e
190 3,140 ¢ 27 0-27-0 Depth~Int. 95 75 20 16 6 1 1.08 Meter
890 2,440 25 0 Bucket 56 53 3 2 —— —— e
890 2,440 .25 0-25-0 Depth-Int, 121 88 33 28 17 4 1.12 Meter =
1,300 2,030 32 0 Bucket 70 64 6 4 - -— T -
1,300 2,030 32 0-32-0 Depth-Int. 243 158 85 76 54 11 1.62 Meter
1,630 1,700 44 0 Bucket 126 1 15 1 3 1 — e
1,630 1,700 44 0-44-0 Depth-Int. 213 141 72 62 23 4 1.42 Meter
2,000 1,330 32 "o Bucket 247 181 66 55 18 4 — —t
2,000 1,330 32 0-32-0 Depth-Int. 270 170 100 87 40 5 2.20 Meter
N
ro 2,520 810 34 0 Bucket 32 31 1 -— —— — — ———
2,520 810 34 0-34-0 Depth-Int. 132 93 39 32 13 2 1.25 Meter
3
| 2,970 360 23 0 Bucket 38 37 1. — -— — -_— —————
‘ 2,970 360 23 0-23-0 Depth-Int. 194 125 69 58 20 2 1.10 .Meter
Iracema, June 1, 1977
600  ————- 25 0 Bucket 43 40 3 2 ——- - - ————-
600 ————— 25 0-25-0 Depth-Int. ° 91 71 20 17 7 2 1:47 Meter
1,300 eeeee 50 0 Bucket 28 28 < - —— ——— —— ————
1,300 ——— 50 0~50~0 Depth-Int., 165 115 50 43 20 5 1.24 ) Meter
1,800 S 60 0 Bucket 39 38 1 — — ——— ———— ————
1,800 = me—ee 60 0-60~0 Depth-Int, 196 150 46 38 11 (e | 1.60 Meter
6b1dos, June 15, 1976
440 1,910 65 10 Point 76 51 25 18 6 1 1.61 Meter
460 1,890 66 30 Point 90 56 34 25 7 2 1.79 Meter
450 1,900 63 50 Point 123 61 62 47 22 se/ 1.69 Meter
480 1,870 67 55 ‘Poim: 126 69 57 43 18 4~ 1.80 Meter
670 1,680 63 10 ; Point 82 66 16 11 3 —— 2,54 Meter
680 1,670 64 30 Pointc/ . 113 81 32 26 9 -— 3.00 Meter
720 1,630 65 44 PointE/ 190 - 100 90 69 33 2 2.14 Meter
740 1,610 65 44 Point~ 217 106 111 89 45 5 2.30 Meter
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Table 1.--Concentration and Partial Particle-size Analysis of Suspended Sediment, and Veloeity of Water, In

Principal Crogs Seetions On Amazon River Mainstem--Continued

Concentration of suspended matter (mg/L)

Distance Cross Depth Depth T & £
from channel of of yg 1 . Velocity Type o
left bank station b Ator sample [ Tota Finer Coarser Coarser Coarser Coarser (m/s) velocity

() (@) ) (m) sample than than than than than measurement

0.053 mm 0.053 mm 0.063 mm 0.125 mm 0.25 gm
Obidos, June 15, 1976-—Continued

890 1,460 - 67 10 Point 96 70 26 20 4 - 2.19 Meter

910 1,440 66 30 Point 204 102 102 78 25 3 2.13 Meter,

870 1,480 65 44 Point 152 98 54 39 15 —— 2.02 Metet

890 1,460 65 53 Point 167 110 57 42 7 2 1.99 Meter

900 1,450 65 58 Point 116 71 45 32 8 4 1.93 Meter
1,130 1,220 67 10 Point 80 61 19 13 2 — 1,78 Meter
1,130 1,220 66 11 Point 76 53 23 17 4 — 2.83 Meter
1,100 1,250 65 25 Point 99 71 28 22 5 —— 2.79 Meter
1,090 1,260 62 42 Point / 145 76 69 52 13 — 2.20 Meter
1,130 1,160 67 52 PointE/ 231 100 131 95 25 3e, 2.95 Meter
1,170 1,180 66 52 Point—~ 229 121 108 91 40 1~ 2.21 Meter
1,310 1,040 63 30 Point 189 115 74 55 14 — 1.68 {feter
1,230 1,120 64 39 Point 149 103 46" 32 8 1 2.18 Meter
1,240 1,110 64 62 Point 248 87 161 145 v 72 5 +57 Meter
1,610 740 57 10 Point 110 79 31 24 3 =gy 2.26 Meter
1,580 770 57 25 Point 163 100 63 47 11 5 2.29 Meter
1,560 790 55 39 Point 226 121 105 82 22 3 2.33 Meter
1,530 820 54 48 Point 288 146 142 ALl 25 2 2.73 Meter
1,580 770 54 50 Point 308 130 178 129 25 2 2.88 Meter
1,760 5%0 63 10 Point 168 123 45 33 5 -3y 3.08 Meter -
1,830 520 62 30 Point 230 155 75 54 6 1= 2.62 Meter
1,790 560 64 38 Point 389 199 190 144 27 1 2.31 Meter
1,760 590 63 52 Point 503 253 250 197 33 3 2.04 Meter
1,780 570 65 59.5 Point 503 212 291 228 43 4 1.18 Meter
2,160 190 42 10 Point 221 153 68 - 51 9 le/ 1.98 Meter
2,170 180 42 20 Point 361 201 160 121 16 . 3-e-/ 1.92 Meter
2,190 160 41 30 Point 331 193 138 104 15 ko 1.72 Meter
2,130 220 42 34 Point 490 256 234 174 21 2 1.67 Meter
2,030 320 49 46 Point 292 182 2 1.38

110 76 8

Meter



Table 1.--Concentration and Partial Particle-size Analysie of Suspended Sediment, and Veloeity of Water, In
Principal Cross Sections On Amazon River Mainstem--Continued

Concentration of suspended matter (mg/L)

Distdnce Cross Depth Pepth
Type Type of
1 g:oz " ::‘12221 w:f: £ s:\i Ye of Total Finer Coarser Coarser Coarser Coarser Ve%::/:i;y velocity
& (m) = ?m) = (m‘)l (n"‘)’ sample than than than than than measurement
0.053 mm 0.053 nm 0.063 mm 0.125 mm 0.25 mm
6bidos, June 2, 1977
90 2,260 45 0 Bucket 57 54 3 —— — — ——— mem———
90 2,260 45 0-45-0 Depth-Int. 122 105 17 13 2 1 .51 Meter
370 1,980 62 0 pucketd 70 67 3 - e i shas o e
440 1,910 64 0 Bux:ket—d 67 64 3 —— —-— — —— -
370 1,920 62 0-62-0 Depth—Int.a-/ 125 99!:/ 26 22 10 3 1.76 Meter
440 1,910 54 0-64-0 Depth-Int.~ 118 94~ 24 21 10 2 1.76 Meter
930 1,420 65 0 Bucket 53 52 1 — - —— —— ————
930 1,420 65 0-65-0 Depth~Int. 159 128 31 27 13 6 1.81 Meter
1,200 1,150 65 0 Bucket%/ 58 57 1 - e — S_—— e
1,240 1,110 68 0 Bucket—d/ 56 53 3 — T —— — ———— eemee———
1,200 1,150 65 0-65-0 Deptlx~1nt.-—l 196 139b/ 57 49 16 2 2.14 Meter
o 1,240 1,110 68 0-68-0 Depth-Int.=~ 169 125~ 44 39 11 1 1.88 Meter
B~
1,610 740 63 o Bucket - 73 69 4 2 -_— — ——— ————
1,610 740 63 0~-63--0 Depth-Int. 293 212 81 66 13 1 2.20 Meter
1,910 440 50 0 Bucket 60 59 1 —-—— Cm— —— —— ————
1,910 440 50 0-50-0 Depth-Int. 433 306 127 104 14 <1 1.86 Meter
2,250 100 36 0 Bucket 80 76 4 2 — —-— —— eee————
2,250 100 36 0-36-0 Depth-Int, 333 258 - 75 58 5 <1 1.33 Meter
Obidos, June 3, 1977
240 2,110 51 1 Point 96 76 20 15 -—— — «35 Fi1l1
260 2,090 52 30 Point 110 88 22 17 — —— «52 Fill
290 2,060 55 50 Point 122 96 26 19 -— — 47 Fill
510 1,840 62 1 Polnt 112 86 26 22 5 3 1.45 Fi11
450 1,900 60 25 Point 218 133 . 85 73 14 2 1.64 Fill
410 1,9%40 59 49 Toint 486 223 263 226 27 1 2.24 Fill
450 1,900 60 57 al Point 905 363 542 474 64 7 1.35 Fill
470 1,880 60 59.5 Poiut 726 250 476 424 57 5 1.32 Fill
1,320 1,030 66 1 Point 81 74 7 4 —— — 2,10 Meter
1,210 1,140 65 24 Point 135 112 23 19 3 — 1.99 Meter
1,200 1,150 67 45 Point 188 144 44 37 7 1 2.00 Meter
1,210 1,140 66 55 af Point 283 195 88 76 16 2 © 1.68 Meter
1,200 1,150 66 65.5~ Point 803 " 365 438 396 83 5 1.27 Meter
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Table 1.--~Concentration and Partial Farticle-size Analysis of Suspended Sediment, and Veloeity of Water, In

Principal Crors Seetions On Amazon Fiver Maingtem--Continued

Distance Cross Depth Depth Concentration of suspended matter (mg/L)

from channel of of Ay ] Velocity Typa o
left bank static Vater siasTe of Total Finer Coarser Coarser Coarser Coarcer (/) velocity

(m) (m) (m) (mg’ sample than than " than than than measurement

0.053 um 0.053 wm 0.063 mm 0.125 mu 0.25 mm
6bidos, June 3, 1977--Contlinued
1,960 390 .51 1 Point 130 107 23 17 3 - 1.49 Fill
1,960 390 51 20 Point / 221 173 48 39 7 3 2.02 Fill
1,940 410 52 39 Point%/ 433 271 162 137 26 1 2.19 Fill
1,970 380 51 39 Point™ 614 375 239 203 32 1 1.67 Fill
1,970 380 51 43 Point 537 336 201 171 25 1 1.73 Fi1l
a/

1,970 250 51 30.5— Point 1,053 501 552 499 105 3 1.12 Fill

%;Sampler resting on streambed.

See Table 4 for detailed size analysis of particles <0.053 mm,
-a-/Duplicate samples collected several minutes apart.
—~,Duplicate samples collected several hours apart.

—/Fraction coarser than 0.25 um mostly organic.
='Weighing error of 5 mg/L in fraction coarser than 0.053 mm.



Table 2.--Concentration and Partial Particle-Size Analysis of Suspended Sediment at Miecellcin_eoue Statiens on Amazom River Mainstem

Thalweg Width Sample Depth Depth Concentration of suspended matter (mg/L)
Cruise Latitude Longitude s distance of distance of of Type
rati () %w) Chart (mo/d/ below 1 from wag 1 of Finer Coarser Coarser Coarser Coarser
glation yr) Iquitos t(v;‘t left bank ‘2 e)zr sazm;)) & sample Total than than than than than
(km) & (m) L ! 0.053 nm  0.053 mm 0.063 mm 0.125mm  0.25 rm
305 3°38.8 72°06.4" P4115A  5/19/77 171 1,700 1,100 28 0 Bucket al - 123 117 6 3 1 -
305 3°38.8’ 72°06.4" P4115A  5/19/77 171 1,700 1,100 28 0-28-0 Dep:h—Int.—; 389 267 122 106 45 9
305 3°38.8" 72°06.4' P4115A  5/19/77 171 1,700 1,100 28 0-28-0 Depth-Int.;/ 366 254 112 95 L35 5
305 3°38.8' 72°06.4° P4115A  5/19/77 171 1,700 1,100 28  0-28-0 Depth-Int.~ 422 269 “153 133 66 14
304 3°51.1"' 71°46.2' P4115A  5/19/77 248 1,000 500 37 0 Bucket 96 94 2 1 tr -~
86 3°51.7' 71°43.7" P4115A  7/7/76 253 1,100 600 30 ] Bucket.%f 132 — — —— - ——
86 3°51.7° 71°43.7" P4115A  7/7/76 253 1,100 600 30 0 Bucket— 186 —~— -— — - -
308 4°02.7" 71°16.3' P4114B  5/21/77 322 1,500 1,100 37 0 Bucket 110 106 4 2 -7 -
303 3°54.6' 70°34.5" P4114A  5/18/77 411 1,500 700 30 0 Bucket 124 116 8 3 <1 <l
302 3°59.2' 70°12.9" P4114A  5/18/77 465 1,800 400 21 0 Bucket 129 119 10 4 1 <l
85 3°59.4' 70°13.2' P4114A  7/6/76 465 1,900 1,000 20 0 Bucket 162 - ——— — - -
N
L2 301 4°12.2" 69°57.0" P4114A  5/18/17 507 ~2,000 150 ~20 10 Point 132 120 12 7 2 -
301 4°12.2' 69°57.0" P4114A  5/18/77 507 ~2,000 150 ~20 15 Point 307 228 79 36 6 2
309 4°28.0° 70°03.2' P4113B  5/21/77 518 1,800 900 20-23 0 Bucket 185 165 20 12 2 1
310 4°19.4" 69°30.5' P4113B  5/21/77 593 1,60( 600 25 0 Bucket 248 192 56 43 12 1
311 3°46.2' 69°27.0° P4113A  5/21/77 691 1,300 800 28-32 0 Bucket 68 67 1 -— - -
313 3°27.6' 68°26.5" P4112B  5/22/77 825 1,600 800 18-22 0 Bucket 200 169 31 21 3 <1
317 2°40.2" 67°23.2" P4111B  5/23/77 1,010 2,100 1,000 32 (4] Bucket '59 58 1 -— - -_—
66" 2°44.7'  67°10.4'  P4IIlB  6/28/76 1,043 1,200 800 30 0 Bucket 124 — PO G b -
66 2°44.7'  67°10.4'  P4111B  6/28/76 1,043 1,200 800 30 1 _ Ship's intake 178 - -— -— - -
321 2°29.7' 66°28.4' P4111IA  5/24/77 1,168 1,800 500 ~30 0 Bucket 95 87 8 5 <1l —
63 2°24.5' 65°52.7' P4110B  6/27/76 1,266 2,000 500 30 i} Bucketi; 140 p— — -— - -
63 2°24.5" 65°52.7" PA110B  6/27/76 1,266 2,000 500 28 0 Bucket= 174 — — —— - -
63 2°24.8" 65°52.7" P4110B  6/27/76 1,266 2,000 1,000 32 0 Bucket 125 — -— — — o
63 2°24.8' 65°52.7" P4110B  6/27/76 1,266 2,000 1,000 32 15 Point 271 — — —— - -
63 2°25.1' 65°52.8' P4110B  6/27/76 1,266 2,000 1,500 30 0 Bucket= 97 — -— —— - _—
63 2°25.1" 65°52.8"' P4110B  6/27/76 1,266 2,000 1,500 30 0 Bucket?—/ 123 -— — -— - -_
63 2

°25.1" 65°52.8" P4110B  6/27/76 1,266 2,000 1,500 31 0-20 Depth~Int. 253 —— e —— —— =
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Table 2.--Concentration and Partial Particle-Size Analysis of Susperded Sediment at Miscellaneous Stations on Amazon River Mainstem--Continued

| Thalweg Width Sample Depth Depth Concentration of suspended matter (mg/L)
Date distance distance Type
Cruise Latitude Lonjitude of ) of of )
statlod (s) ) Chart  (mo/d/ below civer from WAESE BENALE of Finer Coarser Coarser Coarser Coarser
yr) Iquitos (m) left bank () (m) sample Total than than than than than
(km) (m) 0.053 am 0,053 mm 0.063 mm 0.125 um 0.25
322 2°30.5' 65°47.3" P4110B  5/24/77 1,280 2,000 1,100 25 0 Bucket 100 93 7 4 tr —
324 2°33.0° 65°22.0° P4110B  5/24/77 1,371 1,900 1,500 30 0 Bucket 75 70 5 "3 <1 -
325 3°05.1' 64°56.1" P4110A  5/25/77 1,472 1,700 500 25 0 Bucket 101 91 10 6 1 tr
61 3°05.5" 64°55.6" P4110A  6/26/76 1,473 1,600 900 30 1 Ship's intake 127 —— ——— —— - -
326 3°26.9' 64°27.4" T4109B  5/25/77 1,546 3,100 1,500 28 0 Bucket 41 40 1 —— - &=
57 3°31.1' 64°25,2" P41098  6/25/76 1,555 2,900 2,300 23 0-10 Depth~Int,. ‘124 — —-— — - -
327 3°48.8" 63°56.4" P4109A  5/25/77 1,621 1,600 900 40 0 Bucket 38 37 1 . —— — —
328 3°54.5" 63°23.2' P4109A  5/25/77 1,692 1,900 1,000 34-38 0 Bucket 38 37 1 — - e
330 3°51.6" 62°27.8" P4103B  5/26/77 1,819 4,000 3,300 27 4] Bucket 1v08 95 13 9 <1 tr
33 3°55.3" 61°57.0" P4108A  5/26/77 1,895 3,700 900 32 0 Bucket 68 64 4 3 1 e
332 3°41.0° 61°29.4’ P4107B  5/26/77 1,964 1,500 1,100 36-40 0 Bucket 43 Al 2 1 —— -
334 3°31.7° 60°47.9° P4107B  5/26/77 2,048 2,600 1.400 40 0 Bucket 52 47 ) 3 <1 -
7 2°03' 55°23! P4104A  6/13/76 2,845 4,100 2,900 40 5 Point 100 — — —-— - -
7 2°03' 55°23' P4104A  6/13/76 2,845 4,100 2,900 40 15 Point 123 — — — - o
4 1"51.7" 53°31.9' P4103A  6/12/76 3,117 8,500 5,000 34 20 Point 145 —— —-— — £ b
3 1°38.5' 52°52.5"' P4102B  6/12/76 3,202 2,300 900 26 12 Point 212 — — — — -
354 1°25.6" 52°02.0° P4102A  6/5/77 3,300 3,700 1,100 32-34 0 Bucket 70 68 2 —— - -
354 1°26.1" 52°01.9' P4102A  6/5/77 3,300 3,700 2,000 47-50 0 Bucket 65 64 ' 1 — - -
354 1°26.6" 52°01.8" P4102A  6/5/77 3,300 3,700 2,900 43-45 0 Bucket 68 67 1 — - -

£/Dupl:lc:at:e (or triplicate) samples taken a8 few minutes apart.
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Table 3.--Concentration and Partial Particle-Size Analysis of Suspended Sedimeni in Rivers and Lakes Tributary to Amazon River

.

Concentration of suspended matter (mg/L)

Depth  Depth
Chart Date Type
Tributary S::t::n Luzé§ude Long(',‘il:';:ude or (mo/d/ wgier sa:fle of Finer Coarser Coarser Coarser Coarser Remarks
map yr) (m) ( I)) sample Total than than than than than
e 0.053 mm 0.053 wm 0.063 mm 0.125 mm _0.25 mm

Rio Napo-' ————— —_— 3°19' 72°39" SA18 718176 7-8 0 Dip 120 —— — — —-— -— 15 km above mouth.

Ric Napo~-===—= — 3°16" 72°39' SAl8 5/20/77 22-23 0 Dip 208 205 3 —— —-_— o 20 km above mouth.

Rio Javarf----  —~=  4°14' 70°05" $B19 5/17/17  =m--- 0 Dip 25 24 1 <1 0 - 15 km above mouth.

Lago Canatidn -— 3°29' 68°49" SA19 5/22/717  =---- 0 Dip 6 6 tr ——— -— - Lake behind town of Sdo
Paulo de Olivenga;
discharging water int
Amazon.

Rio Jandiatuba  ---  3°40' 68°55'2’  puirzm  s/22/77 ] 0 Dip 38 a8 tr — e - 10 km above mouth,

Rio — 3°02" 68°05" SA19 6/30/76 6-7 0 Dip 9 —-— —— —— ——— - 20 km above mouth.

Rio 316 3°00' 68°12" SA19 5/23/77 28 0 Bucket 13 12 1 <1 — - } 40 ku atiove wouth

Rio 316 3°00" 68°12°' SA19 5/23/77 28 0-28-0 Depth-Int. 38 20 18 16 11 2 = .

Lago Tonantins — 2% 67°43" SA19 5/23/717 =——== 0 pip 107 94 13 10 1 tr Amazon flowing into lak

Rio Jutaf----- — 2°49" 67°07" SAL9 5/24/77 14 0 pip 7 7 tr -— — — 30 km above mouth.

Rio Juruf~---- 62 2°32.0° 65°48.2'  P4110B 6/27/176 20 - 1 Ship's intake 36 — -— ——— — - 3 km above mouth.

Rio Juruf~---- -— 2°43" 65°49" SA20 5/24/77 24 0 Dip 50 47 3 2 — - 20 km above mouth.

Rio Japurd---- 60 3°09.1" 64°44,9"  P4110A 6/26/76 32 0-15 Depth-int. 50 — —-— — — — 15 km above mouth.

Rio Japurg----~ -— 2°58.8'  64°47.3" P4110A 5/25/17 21 0 Dip 44 38 6 4 <1 - 40 km above mouth.

Lago Tefé—=-m — 3°30' 64°46" SA20 5/25/17 11 0 Dip 6 6 tr —— — — * Lake discharging water
into Amazon.

Lago Coari---- ——- 4°01.5' 63°17' P4109A 5/26/77  —=——- 0 Dip 7 7 tr — —— -~ Lake discharging water
into Amazon.

Rio 53 3"51.1) 61°23.0' P41078 6/23/76 45 1 Ship's intake 18 ——— -— — — - 15 km above mouth.

Rio —_— 3°5%° 61°27"' SA20 5/26/77 —— e Dip 23 22 1 — o - 20 km above mouth.

Rio 34 3°06.8" 60°05.4" P4106B 6/21/76 25 1 Ship's intake 5 ——— T L ] -

Rio 34 3°06.8"  60°05.4" P4106B 6/21/76 25 20 Point 9. -— — -— — - S km above Manaus.

Rio } 34 3°06.8" 60°05.4" P4106B 6/21/76 25 23 Point 12 —— -— — — -

Rio 338 3°02.7' 60°22.5"' PAlO()HE/ 5/28/77 29 0 Bucket 3 3 tr —— ] - 40 km above Manaus;

Rio Negro=——-- 338 3°02.7'  60°25.5' PAlOBB—G/ 5/28/717 29  0-29-0 Depth-Int, 3 2 1 1 -— - 1,600 m from left ba

Rio Negro—---=- 338 3°03.8'  60°22.5' P&lOGBE/ 5/28/77 17 0 Bucket 4 / 4 / tr —— — - 40 km above Manaus;

Rio Negro=—=—w 338 3°03.8' 60°22.5"' PélO()Bg/ 5/28/77 17 0-17-0 Depth~Int. 7 2& 5 4 — -— } 3,700 m from left ba

Rio Negro~———-— 338 3°04.8' 60°22.5" PlolOGBE/ 5/28/71 25 4] Bucket 4 4 tr — —— - 40 km above Manaus;

Rio Negro---—- 338  3°04.8' 60°22.5' P4&i06B> 5/28/77 25 0-25-0 Depth-Int. 6 5 1 <1 — - 5,600 m from left ba

EEEEEEEEEEEEEENENR
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Table 3.--Coneentration and Partial Particle-Size Analysis of Suspended Sediment in Rivers and Lckes Tributary to Amazon River--Continued

Depth  Depth Concentration of suspended matter (mg/L)

: Chart Date Type
Tributary :;:i:en La;;;ude Lor\;?‘j;;uae or (mo/d/ wotf,e Ofl of. Finer Coarser (oarser Coarser Coarser Remarks
. * map yr) '2 )t s?m[; N sample Total than than than than ithan
B & 0.053 ma 0.053 mm 0.063 mm 0,125 mm 0.25 mm

Rio Madeira-=- 340 3°3%' 59°03' Sa21 6/1/77 20 0 Bucket 158 155d, 3 2 -— - }50 km above mouth;
Rio Madelra~== 340 3°39" 59°G3° SA21 6/1/77 20 0~20-0 Depth-Int. 251 216~ 35 28 9 2 375 m from left bank.
Rio Madeira-=-- 340 3°39" 59°03"' SA21 6/1/77 22 0 Bucket 99 99d/ <1 —_— —-— - }50 km above mouth;
Rio Madeira--=- 340 339 59°03' 5A21 6/1/77 22 0-22-0 Depth-Int. 350 259~ 91 80 33 1 750 m from left bank.
Rio Madcira--- 340 3°39° 59°03' SA21 6/1/77 21 0 Bucket 176 171d/ 5 3 —— - }50 km above mouth: )
Rio Madeira—-- 340 3°39' - 59°03' SA21 6/1/17 21 0-21-0 Depth-Int. 399 275+ 124 111 62 2 1,125 m from left bark.
Rio Tromhetas — 1°42° 55°53° SA21 6/3/77 15 o] Dip 8 8 0 -——— — -— 35 km above mouth.
Rin Tapajés—=- ——— 2°34" 54°=9" Sa21 6/4/77 — 0 Dip 3 3 tr -— -— - 40 km above Santarém
Rio Xingu----- — 1°45° 52°15" .5A22 6/5/77 20 0 Dip 5 5 tr — — - 60 km above mouth.
Fio Tocantins 1 1°38' 49°02.5° ————— 6/10/76 14 4 Point 32 —-— — -— — -—
2/¢8%42' on map SA19.
b/

— Extrapolated off western edge of chart P4106R.
<l Concentration finer than 0.053 mm estimated by visual comparison with other filters; large blank correction for filter gave negative weight.
ySee table 4 for detailed analysis of particle size <0.053 mm.




Table 4.-~Complete Particle-Size Distributione of Selected Suspended-Sediment Samples from Amazon River Mainstem and Rio Madeira

Distance Depth Total Concentration {in mg/L) finer than indicated size

. Type ~ Percent finer than indicated size
Measuring Section fr;:nieft sagfle of :g:ﬁign Remarks
ple sample 0.001 0,002 0.0039 0.0078 0.0156 0.0312 0.053 0.063 0.125 0.25 0.50
(m) (m) (mg/L) -
mm mm mm mm m mm mm mm T mm mm
Iquitog-=————mm—————ee 160 0-21-0 Depth-Int, 435 59 71 98 123 148 223 288 320 399 433 435
14 16 23 28 34 51 66 74 92 99.5 100
Iquitog-=—m=m———e—— 550 . 0-25-0 Depth-Int. 419 41 65 88 106 142 191 225 240 297 388 419
10 16 v 25 34 46 54 a7 71 93 100
Iquitog——m=rem————— -— 990 0-15~0 Depth-Int. 290 32 81 101 125 129 183 233 248 280 288 290
11 28 35 43 44 63 80 86 97 99.3 100
Iquitos——==—=—ecr————— 990 0-22-0 Depth-Int. 336 T47 70 95 120 142 196 236 252 302 334 336
14 21 28 36 42 58 70 75 90 99.4 100
S3o Paulo de Olivenca’ 490 1 FotnE 139 + 30 b4 56 66 82 106 122 128 137 138.7 139 3 samples combined to yield enough
510 1 22 32 40 47 59 76 88 92 99 99.8 100 material for pipette analysis.
830 1
S3o Paulo de Olivenca 490 0-32-0 Denth-TAE 274 37 48 62 76 101 137 170 185 231 268 274 2 samples combined to yield enough
810 0-27-0 P ° - 13 17 23 28 37 50 62 67 84 98 100 material for pipette analysis.
D ) :
o S3o Paulo de Olivenga 1,140 1 } Point 153 30 39 53 64 80 104 123 130 147 152.7 153 bo.
1,350 1 20 25 35 42 52 68 80 85 96 99.8 100
S3o Paulo de Olivenga 1,140 0-16-0 }De !:h-Intl 263 27 41 57 70 87 123 152 165 199 2417 263 Do.
1,350 0~-16-0 B * 10 16 22 27 33 47 58 63 76 94 100
Santo Anténio do Ig4 150 1 } Polut 89 15 24 33 40 48 69 77 80 87 88.8 89 Do.
500 1 o 17 27 37 45 54 78 87 90 98 99.8 100
Santo Antdnio do Ig4 150 0-27-0 }De th-Int 218 15 31 41 49 64 89 118 129 175 216 218 Do.
490 0-28-0 P e 7 14 20 22 29 41 54 59 80 99 100
Santo Antdnio do Ig4 1,360 1 } Point 128 4 14 27 59 72 95 110 117 124 127.6 128 Do.
1,700 1 3 11 21 46 56 74 86 91 97 99.7 100
Santo Anténio do Ig¢4 1,370 0~-21~-0 Depth-Int 258 - 11 27 41 74 119 154 167 210 253 258 2 samples combined to yield enough
1,700 0-24-0 P & - 4 10 16 29 46 60 65 81 98 100 material for pipette analysis;
large difference (37 percent)
between concentrations finer
than 0.053 mm determined by two
methods.
[T LT T— — 440 0-64-0 Depth-Int. 118 6 28 39 45 55 77 9 97 108 ilﬁ 118 Only about 300 mg available for

5 24 33 38 47 65 80 82 92 98 100 pipette analysis.
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Table 4.--Complete Farticl+-Size Distributionn of Selected Suspendad-Scdimert Samples from Amczon River Mairnetem end Rio Madeira--Coutinued

Concentration (in mg/L) finer than indicated size

Distance Depth Total

Type Percent finer than indicated size
Measuring Section fr‘c;: '1(8& OEL of conc;n— Remarks
n sample  gomple  TF2HO% 4001 0.002 0.0039 0.0078 0.0156 0.0312 0.053 0.063 0.125 0.25 0.50
(m) (m) (mg/L)
mn . mm mm mm mm mm mn ™mn mm mm
Obidosmmmmmmmem e 1,240 0-68-0 Depth-Int. 169 19 33 41 52 71 101 125 130 158 168 169
11 20 24 31 42 60 74 77 93 99 100
Rio Madeira below 375 0-20-0 } Depth-Int 325 33 68 92 113 169 214 245 255 289 323 325 2 samples combined tc yield encugh
Rosar inho=—s=m—wee 1,125 0-21~0 P = 10 21 28 35 52 66 75 78 89 99 100 material for pipette analvsis.

i Fairly large difference (23 per-
cent) between.concentrations
<0.053 mm determined by two
methods.

Rio Madeira below 750 0-22-0 Depth-Int, 350 38 - 63 97 130 — 259 270 317 349 350
Rosar inho-eeec~we= ? 11 - 19 28 37 — % 1N 91 99.7 100




Table 5.--Compartson of Particle-Size An&lysea by Visual-Accunulation (VA) Tube and Sieves In "Sand"
Fractions of Selected Suspended-Sediment Samples from Amazon River Mainstem and Ric Madeira

Percent of “sand" Percent of total
Distance Depth Method fraction finer sample finer
Measuring from of ok atze than indicated than indicated
section left bank sample lysi size size
(@) (m) analysis )
0.063 0.125 0.25 0.063 0.125 0.25
mm m om nm mm mm
Iquitos 2 160 0-21-0 VA 20 80 100 73 93 100
Sieve 22 77 100 74 92 1060
Iquitos 550 0-25-0 VA 7 42 92 57 73 96
Sieve 7 37 85 57 71 93
Iquitos 990 0~15-0 VA 28 86 100 86 97 100
Sieve 27 84 99 86 97 99
Iquitos 990 0~-22-0 VA 21 74 100 7€ 92 100
Sieve 16 67 99 75 90 99
S3o Paulo de Olivenga——--- 490 0-32-0 VA 20 65 98 74 88 99
Sieve 24 64 94 75 88 97
Sdo Paulo de Olivenga—-——- 830 1 VA 38 91 100 89 97 100
Sieve 43 93 99 90 98 100
S3o Paulo de Olivenga—~—=- 810 0-27-0 vA ) 19 67 100 62 84 100
Sieve 21 62 98 63 82 98
Sdo Paulo de Olivenga--=—-- 1,140 1 VA 29 81 100 82 95 100
Sieve 36 80 98 84 95 100
S3o0 Paulo de Olivenga----- 1,140 0-16-0 VA 10 31 97 56 66 98
Sieve 11 29 82 56 65 90
S#o Paulo de Olivenga---—— 1,350 1 VA 39 85 ‘100 37 97 100
Sieve 40 91 100 87 98 100
S$%o Paulo de Olivenga--~-—- 1,330 0-16-0 VA 18 71 100 69 89 100
Sieve 26 71 97 72 89 97
Sant;-Antﬁnio do IgA~==— -150 0-27-0 VA 19 90 100 64 95 100
Sieve 22 85 98 55 93 100
Santo Anténioc do Igé~—--—--- 490 0-28-0 VA 1c 49 100 54 74 100
Sieve 11 42 98 55 71 99
Santo Ant6nio do Ig4—=——~- 1,360 I .VA 32 76 100 87 36 100
Sieve 28 76 98 86 96 100
Santo Anténio do Ig¢4-—~—-~ 1,370 0-21-0 VA 15 50 99 85 80 100
- Sieve 17 46 2 66 78 37
Santo Anténio do Ifa=—~=-- 1,700 0-24~0 VA 17 71 99 64 87 100
Sieve 17 483 98 64 84 99
Obidos 440 . 0-64-0 VA 16 44 90 81 87 97
Sieve 22 65 92 82 92 98
Gbidos 1,240 0-68-0 vA 19 78 100 76 93 100
Sieve 22 77 99 77 93 100
Rio Madeira below Rosarinho 375 0-20-0 VA 18 65 99 88 95 100
: Sieve 22 74 95 89 96 99
Rio Madeira below Rosarinho 750 0-22~0 vA 11 66 100 76 91 100
Sieve 15 65 99 77 91 100
Rio Madeira below Rosarinho 1,125 0-21-0 VA 3 hi- 98 69 81 99

Sieve 12 50 98 72 84 99
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Table 6.--Miscellaneous Veloctity Opservations

Erioas mection Distance Depth Distance Type
or Date from of from Velocity of
, mo/d/yr left bank water bed (m/s) velocity
station
(m) (m) (m) measurement
Iquitos 7/8/76 240 24 19 1.86 Point
14 1.76
9 1.54
4 1.34
w7 .78
490 23 18 2.18 Point
13 2.02
8 1.86
5 1.32
2 1.12
1 .90
730 22 17 2.12 Point
12 1.98
9 1.75
3 1.44
1 1.22
306 Iquitos 5/20/77 160 24 18 2.14 Point
13 2.25
8 2.30
3 2.28
1 1.97
400 28 22 2.84 Point
17 3.00
12 2.86
7 2.75
2 1.86
600 26 21 1.85 Point
16 1.72
11 1.43
6 1.23
.5 .57
830 25 20 1.86 Point
15 1.65
10 1.50
5 1.32
T .90
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Table 6.--Miscellaneous Velocity Observations--Continued ‘
brn | st nrt Distance Depth Distance Type -
g Date - from of from Velocity of
. mo/d/yr left bank water bed (m/s) velocity
station
(m) (m) (m) measurement .
306 Iquitos—-—.. 5/20/77 990 .22 1z 1.92 Point
Continued 12 1.64 -
7 1.54
3 1.44
1 1.30 -
400 28 26 2.83 Integrated
22 2.90
18 2.70 -
14 2.62
10 2.26
6 2.10 -
2 1.92
.5 .55 |
600 26 22.5 2.42 Integrated
17.5 2.18
12.5 2.10
7.5 1.48
<5 .62
830 23 22.5 1.64 Integrated
17.5 1.53
16.5 1.32
7.5 1.08
2.5 .73
iS5 .45
Sdo Paulo de 7/1/76 240 32 27 2.35 Point
Olivenga 22 2.25
17 2.18
12 2.22
8 1.96
4 1.82
1 1.27
700 36 26 2.14 Point
21 2.14
16 2.08
10 1.92
6 2.18
1 1.40
980 13 8 1 .22 Point
4 1.18
1 .78
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Table 6.~-Miscellaneous Velocity Observations--Continued

OF8Ss seetlon Distance Depth Distance Type
- Date from of from Velocity of
s mo/d/yr left bank water bed (m/s) velocity.
station
(m) (m) (m) measurement
312 Sdo Paulo de 5/22/77 510 30 27.5 2.37 Integrated
Olivenga 22.5 2.20
17.5 2,08
12.5 1.90
745 1.56
3.2 1.11
Santo Anténio 6/29/76 300 25 15 2.59 Point
do Ig4 10 - 2.56
5 2.45
800 25 " 20 2.01 Point
15 1.94
10 1.82
5 1.58
3 1.38
1,100 18 13 1.92 Point
8 1.74
3 1.45
1,280 19 10 1.63 Point
5 1.45
) 4 1.41
2 1.26
315 Santo 5/23/77 150 27 24 2.12 Integrated
Anténio do Ig4 16 1.87
8 1.78
4 1.64
2 1.28
1 1.16
500 28 24 2.96 Integrated!
16 2.74
8 2.35
4 2.00
2 1.65
1 1.50

1Duplicate measurements collected several minutes apart.

-



Table 6.--Miscellaneous Velocity Observations--Continued

1Duplicate measurements collected several minutes apart.

36

Cross section . " Distance Depth Distance Type
Date from of from Velocity of
oL mo/d/yr left bank water bed (m/s) velocity
station
(m) (m) (m) measurement
.315 Santo Anténio 5/23/77 500 28 24 3.00 Integrated!
do Igd~--Cont. 16 2.74
8 2.50
2.25
2 2.03
1 1.64
960 20 16 1.66 Integrated
8 1.50
4 1.36
2 1.22
1 1.00
1,360 21 16 1.96 Integrated
8 1.55
4 1.43
2 1.42
1 1.28
1,700 24 21 2.00 Integrated
16 1.90
8 1.52
4 1.34
2 1.00
1 .84
329 1Itapeda 5/26/77 280 52 48 1.88 Integrated
| 42 2.04
32 2,21
16 1.83
8 1.45
4 .89
2 .67
1 .35
500 . 60 48 2.99 Integrated!
32 3.01
16 2.75
8 2.66
4 2.18
2 1.59
1 1.42
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Table 6.--Miscellaneous Velocity Observations--Continued

Sas secuton Distance Depth Distance Type
or Date from of from Velocity of
: mo/d/yr left bank water bed (m/s) velocity
station :
(m) (m) (m) measurement
329 Itapelia-- 5/26/77 500 60 48 2.96 Integrated1
Continued 32 2,91
16 2.64
8 2.50
4 2.26
2 1.99
1 1.86
760 75 64 3.04 Integrated
48 2.91
32 2.61
16 1.64
8 1.13
4 .78
2 .86
1 .57
Manacapuru 6/22/76 890 28 24 1.41 Point
890 28 19 1.54
910 28 14 1.43
930 28 8 1.24
930 28 3 1.15
940 28 2 .97
940 28 1 .80
1,460 36 26 2.12 Point
1,420 36 16 1.82
1,350 36 11 1.67
1,340 36 6 1.10
1,750 44 40 1.92 Point
1,730 44 35 2.08
1,750 44 25 2.04
1,730 44 15 1.60
1,900 39 29 2.27 Point
1,780 45 25 1.37
1,720 43 13 1.70
1,750 43 7 1.38

lDuplicate measurements collected several minutes apart.
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Table 6.--Miscellaneous Velocity .Observations--Continued

" Distance Depth Distance Type
Cross seotlon Date from of from Velocity Zf
o mo/d/yr left bank water bed (m/s) velocity
station
(m) (m) (m) measurement
Manacapuru-- 6/22/76 2,350 32 23 2.36 Point
Continued 2,370 32 13 1.64
2,370 32 8 1.50
2,370 32 4 1.54
2,370 32 2 1.33
2,770 35 25 1.55 Point
2,750 35 15 1.39
2,740 34 6 1.20
2,690 34 4 1.19
2,710 34 2 1.00
335 Manacapuru’ 5/27/77 800 34 30 1.38 Integrated
¢ 24 1.30
16 .97
8 .54
4 .27
2 .13
1,230 34 30 1.64 Integrated
24 1.53
16 1.18
8 .84
4 .37
1,560 44 32 1.28 Integrated
) 16 1.40
8 +25
1,900 32 24 1.15 Integrated
16 " 1,22
8 .76
4 .25
341 Iracema 6/1/77 600 27 16 1.45 Integrated
8 1.54
4 1.28
2 1.12
1 .78
1,300 50 32 1.40 Integrated
16 1.08
8 .90
4 .68
2 46
1 .35
38
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Table 6.--Miscellaneous Velocity Observations--Continued

T NI Distance Depth Distance Type
Date from of from Velocity of
iy mo/d/yr left bank water bed (m/s) velocity
station
(m) (m) (m) measurement
341 Iracema-- 6/1/77 1,800 60 48 1.84 Integrated
Continued 32 1.78
16 1.45
8 1.17
4 .90
2 .65
1 .59
Obidos 6/14/76 800-1,0002/ 63 56 2.29 Point
50 2.11
29 2.28
7 2.40
2 1.85
347 Obidos 6/2/77 370 62 48 1.98 Integrated
32 1.94
16 1.50
8 1.36
4 1.12
2 .95
1 .67
440 64 60 1.99 Integrated
’ 48 1.99
32 1.99
16 1.46
8 1.18
4 .94
2 .86
1 .51
930 65 60 1.96 Integrated
48 2,00
32 1.86
16 1.50
8 1.38
4 1.25
2 .90
1 .62

a : =
—/Dlstance estimated.
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Table 6.--Miscellaneous Velocity Observations--Continued

. Distance Depth Distance Type
Cpogs Seetlen Date from of from Velocity Zg
o mo/d/yr left bank water bed (m/s) velocity
station
(m) (m) (m) measurement
347 Obidos—- 6/2/77 1,200 65 60 2.25 Integrated
Continued 48 2.25
32 2.25
16 2.16
8 1.82
4 1.64
2 1.56
1 1.22
1,240 68 54 2.13 Integrated
32 1.88
16 1.72
8 1.42
4 1.05
2 .97
1 .45
1,610 62 54 2.42 Integrated
32 2.14
16 1.88
8 1.54
4 .98
2 .70
1 .46
1,910 50 45 1.83 Integrated
- 32 1.99
16 1.88
8 1.37
4 1.16
2 .94
1 .78
2,250 36 32 1.40 Integrated
16 1.45
8 1.21
4 1.13
2 .86
1 .78
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Table 6.--Miscellaneous Velocity Observations--Continued

Bobes seonlen Distance  Depth Distance _ Type
Date from of from Velocity of
il mo/d/yr  left bank water bed (m/s) velocity
station
(m) (m) (m) measurement
305 5/19/77 1,360 28 23 2:55 Point
: 18 2.35
8 2.08
3 1.49
.7 .90
63 6/27/76 500 30 20 1.64 Point
15 1.42
10 1.37
5 1.32
63 6/27/76 1,000 30 18 2.90 Point
6 1.96
5 1.75
61 6/26/76 900 30 15 1.44 Point
10 1.38
5 1.26
57 6/25/76 2,300 28 24 1.51 Point
18 1.34
14 1.28
9 1.21
4 .69
7 6/13/76 2,900 40 29 1.34 Point
18 1.25
11 1.12
4 .78
2 .60
4 6/12/76 5,000 34 23 1.27 Point
13 1.20
10 1.06
7 .86
316 Rio I¢d 5/23/77 300 25. 20 1.38 Integrated!
16 1.30°
8 1.24
4 1.12
2 .97
1 -73

1Ship moving upriver at about 0.2 m/s, so recorded velocites are

probably 0.2 m/s too large.



Table 6.--Miscella:zous Velocity Observations--Continued

e s Distance Depth Distance Type:
i Date from of from Velocity of
o?' mo/d/yr . left bank water bed (m/s) velocity
station
(m) (m) (m) measurement
338 Rio Negro 5/28/77 1,600 29 24 1.38 Integrated!
: © 16 1.36
8 1.36
4 1.31
2 1.12
1 .35
5,600 25 20 1.47 Integrated!
16 1.34
8 1.50
4 1.44
2 1.14
1 .29,
Rio Madeira 6/17/76 750 31 26 ’ 1.32 Point
16 1.32
7 1.12
5 1.07
3 1.00
340 Rio Madeira 6/1/77 375 20 16 1.64 Integrated
8 1.46
4 1.30
2 .98
1 .73
700 22 16 2.08 Integrated
8 1.76
4 1.64
2 1.43
1 1.27
1,125 21 16 1.50 Integrated
8 1.24
4 1.17
. 2 1.02
1 .89

Iship may have drifted off station during measurements.
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