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ABSTRACT 
( ,1G& K 

The Trinity River drains approximately 17,500 square 

miles of north-central and eastern Texas. Its average annual 

discharge is 5,166,000 acre-feet and in water year 1965 it 

carried 5,308,000 acre-feet of water. The river's average 

annual suspended load contribution to its delta is roughly 

3000 acre-feet. During 1965 over 50% of the Trinity River's 

discharge and over 80% of its suspended load were transported 

by two major floods. The suspended material delivered to the 

delta contains about 25% sand, 30% silt, and 45% clay. 
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INTRODUCTION 

Purpose and Scope 

This study involves three aspects of the suspended load 

of the Trinity Rivers 1. an estimation of the average yearly 

contribution of the river to its delta; 2. a determination 

of the relative importance of flood flows to annual discharge 

figures, both in terms of water, and sediment transported; 

and 3. an examination of the cross-sectional and downstream 

variations in suspended load characteristics, with a 

volumetric estimation of the grain-size distribution of the 

material reaching the delta. 

The investigation utilizes discharge data, silt load 

data, and stream dimensional parameters supplied by the Water 

Resources Division of the U.S.6.S. as well as suspended-load 

concentrations and grain-size distributions obtained from 

samples taken specifically for this project. 

Previous Work 

A fairly extensive volume of data and literature con¬ 

cerning the water supply and silt load of the Trinity River 

has been accumulated in recent years. Agencies which publish 

such pertinent information include the U. S, Geological Survey, 

Water Resources Division; the Corps of Engineers, U. S. Army; 

the U. S. Department of Agriculture; and the Texas Board of 
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Water Engineers. However, their applications of this data 

tend toward the solution of engineering problems rather than 

those of a strictly geological nature. Engineering con¬ 

siderations involve silt accumulation in reservoirs, flood 

control, irrigation, industrial development, and municipal 

water supply. 

A synthesis of some of the stream's discharge character¬ 

istics and a description of the Trinity River drainage basin 

and tributary area are contained in The University of Texas 

publication No. 4824, by A. E. Weissenborn and H. B. Stenzel. 

Also, a recent Ph.D. dissertation from Rice University by 

Michael MCEwen briefly describes the Trinity's role in the 

development of sedimentary facies in its delta. 

Description of Area and Sampling locations 

The Trinity River flows southeastward from its head¬ 

waters northwest of Dallas roughly 400 miles to its mouth 

at Trinity Bay, an arm of Galveston Bay. In so doing it 

drains an area of approximately 17,500 square miles. Average 

annual rainfall ranges from 27 inches at the western edge of 

the headwaters to about 50 inches near the delta (Weissenborn 

and Stenzel, 1948, p. 203)• 

Runoff characteristics show extreme variation, depending 

upon several factors, primarily rainfall. Maximum flow of 
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12,3 million acre-feet occurred during water year 1940-41, 

minimum was 0.661 million acre-feet in 1924-25, and the 

yearly average for the 41-year period 1924-65 is 5.166 

million acre-feet (unpubl. U.S.G.S. figures), 

Pour essentially equidistant sampling locations were 

selected where highway bridges cross the river, and where 

the U.S.G.S. also maintains stream-gaging stations. The 

locations, in a downstream direction, are: 1. near the 

town of Rosser where state highway 34 crosses the stream? 

2. the U. S. highway 84 bridge near the town of bong Lake, 

known as the Oakwood station; 3. Riverside, where state 

highway 19 crosses; and 4. near the town of Romayor, at the 

state highway 105 bridge, about 45 miles upstream from the 

delta. 
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METHODS AMD PROCEDURES 

Sample Collection 

Samples of wafer plus suspended sediment vrere obtained 

using a crude modification of the equipment described in The 

Silt Load of Texas Streams (1940, p. 2). The sampler con¬ 

sisted of a removable 3 os. polyethylene bottle enclosed in 

a suitable cylindrical container, suspended on a nylon rope, 

and weighted by five pounds of lead on the bottom. 

Whenever possible, surface-water and bottom-water samples 

were taken at the 1/4, 1/2, and 3/4 points across the stream's 

width and an intermediate-depth sample at the 1/2 point. In 

addition, bottom-sediment samples were dredged up for 

possible further study. Depth measurements were estimated 

to the nearest foot by means of calibrations on the sampler 

rope. Due to the light weight of the sampling apparatus, 

certain flood-stage samples were not obtained. 
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Saiaple Preparation and Treatment 

The weight of the water-sediment mixture was first 

measured using a simple beam balance. Several methods of 

removing the suspended sediment were then attempted before 

finding an acceptable technique. Filtration, using a 

Buchner funnel attached to a water-operated vacuum pump, 

was the initial trial. However, the high clay content of 1 

the sediments caused clogging of the filter paper, resulting 

in loss of suction and eventual loss of much fine material. 

Centrifuging the samples developed into a time-consuming 

process, and again, the high clay content rendered this 

technique impractical. Chemical precipitation, using dilute 

HaOB and acetone, followed by filtration was unsatisfactory 

both in terms of time involved and loss of fines in the filter 

paper. * 

Simple decantation of the supernatant water was finally 

tried, with highly acceptable results. This method was 

especially practical since the samples had been sitting 

undisturbed for several months and the suspended material 

had completely settled. 

The suspended material was then oven-dried and weighed, 

and its concentration expressed in grams of sediment per 1000 

grams of water-sediment mixture, or parts per thousand. 
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Since drying of the sample resulted in aggregation of the 

fines* it was necessary to resuspend* or disperse* the 

material before grain-size analysis. Small concentrations 

of 0.1 M sodium oxalate solution were introduced as the 

dispersal agent. To increase the effectiveness of this 

process* certain samples were also agitated ultrasonically, 

effectively breaking up the aggregates. 

The presence of abundant organic matter tended to 

obscure the true nature of the grain-size distribution since 

these analyses depended upon the light-transmitting capacity 

of the suspensions. Consequently* the individual samples 

were treated with 30-35% hydrogen peroxide in order to 

oxidize and remove any organic material. 

Sample Analysis 

Particle-size distributions of the material in sus¬ 

pension were obtained by use of a photo-extinction method 

which measures particle distribution as a function of 

turbidity. Recent work (Simmons* 1959 and McKenzie* 1963) 

indicates that size determinations of grains in the silt 

range can be directly calculated by observing variations in 

the light-transmitting characteristics of a sediment 

suspension with time. A more detailed description of this 

technique* including theory, equipment, and procedure is 
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contained in Appendix A. 

Due either to the absolute volume or relative clay 

content of certain samples, splitting was necessary. The 

most satisfactory method involved the adaptation of a dry- 

sample micro-splitter so that very small wet samples could 

be processed. The splitter's original design permitted a 

percentage of the water-sediment mixture to be lost by back¬ 

ing up underneath the apparatus due to surface tension. To 

eliminate this, aluminum plates with raised edges were secured 

at the bases of the splitter's chutes and sealed with water¬ 

proof putty. This prevented loss of water and enabled the 

splits to flow directly into the underlying receptacles. 

After the grain-size distributions of the silts were 

determined, the samples were wet-sieved through an A.S.T.H* 

#230 sieve, with retention of sand particles. This fraction 

was then dried and weighed in order to find the weight 

percentage of sand for each sample. 

DEFINITIONS 

These definitions are included here in order to eliminate 

any ambiguity concerning the terminology of the following 

discussion. 

Bedload - sediment that is transported by rolling, sliding, 

or saltation along, or very close to the streambed within the 
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bed layer, which is commonly considered to be only a few 

grain diameters thick. 

Clay - sediment finer than 4 microns, regardless of 

mineralogical composition (notes the silt-clay break 

determined by the photometer method is at 5 microns). 

Concentration - sediment concentration is the ratio of the 

dry weight of the sediment to the weight of the water-sediment 

mixture, expressed in parts per thousand (o/oo). 

Gage Height (also called stage) - the water-surface elevation 

referred to some arbitrary datum. 

Sand - sediment coarser than 62.5 microns diameter regardless 

of mineralogical composition. 

Sediment or Water Discharge - time-rate of movement of a 

volume or weight of sediment or water past a point or through 

a cross section perpendicular to the direction of stream flow. 

Silt - sediment finer than 62.5 microns and coarser than 4 

microns regardless of mineralogical composition. 

Suspended Load (also called silt load) - sediment supported 

by the upward components of turbulent currents or by colloidal 

suspension if the particles are very small? generally assumed 

to be transported at about the velocity of the water. 

Suspended Sediment-Discharge Curve (also called sediment-rating 
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curve) - a graph of water discharge plotted against con¬ 

comitant measured suspended-sediment load. 

Water Year - extends from October 1 of one year to September 

30 of the nest. 

THEORETICAL CONSIDERATIONS 

Pluvial sediments move in streams either as bedload or 

as suspended load in the turbulent flow. Bedload discharge 

varies with several factors, including particle size and 

effective shear on the streambed surface. At present, direct 

bedload measurements are difficult to obtain because of two 

major reasons. First, the distinction between bed and 

suspended loads is tenuous and variable depending on hydraulic 

conditions. Second, any device introduced at a streambed to 

sample bedload material so disrupts normal flow patterns that 

the samples are biased and not representative. 

Suspended sediment discharge depends on stream velocity, 

turbulence, depth of flow, and fall velocity of the particles. 

Whereas coarse sediment moves intermittently and is discharged 

at a rate depending on flow and particle properties, fine 

material usually moves nearly continuously at about the flow 

velocity, and even low flows can transport large quantities 

of fines. Consequently, the discharge of fine sediments as 

suspended load is largely dependent on the availability of 
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such material upstream rather than on sediment properties 

and flow characteristics at a cross section. This means that 

fine-sediment discharges can seldom be computed from proper¬ 

ties other than concentrations based directly on samples 

obtained at the cross section (Colby# 1963# p. Al). 

Generally# increased flow causes increased concentrations 

of both fine and coarse suspended material. Coarse-material 

concentrations increase fairly consistently with increasing 

flow# being related to higher velocities and greater 

turbulence. However# the concentration increases for fines 

are much less consistent# resulting from the erosion of fine 

material from land surfaces by rainfall or melting snow 

(Colby# 1963, p. All). 

A study of sediment transportation by streamflow becomes 

quite complex, for many variables are involved, some of which 

are difficult to express mathematically. These variables 

include not only the sediment availability but also particle 

sizes# shapes, and densities; flow velocity and its distribu¬ 

tion? channel dimensions# bank roughness# and bed configura¬ 

tions? and water temperature, density, and chemical 

composition. Furthermore# most factors affecting sediment 

discharge change with time# distance downstream# and cross- 

sectional dimensions. Leopold and Haddock (1953) discuss the 
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quantitative measurement of the hydraulic variables depth, 

width, velocity, and suspended load, and their interrelation¬ 

ships in the determination of natural stream channel 

configurations. For the purposes of this trinity River 

study only their work concerning suspended sediments will be 

considered, 

h basic and widely-used tool in hydrologic practice is 

the sediment-rating curve, a graph relating suspended sediment 

to water discharge. It is usually plotted on logarithmic 

paper with suspended load in units of weight per unit of time 

against discharge of the water-sediraent mixture. Sediment¬ 

rating curves typically contain a wide scatter of points, but 

if the records are sufficiently long, a straight line usually 

can be approximated on logarithmic paper, The wide scatter 

of points reflects great variation in suspended ioad-to- 

discharg® characteristics, Leopold and Haddock suggest that 

this implies corresponding compensatory arrangements of 

veiocity-to-discharge and depth-to-discharge relations (p, 20) • 

The straight line approximating the data on a sediment-rating 

graph generally slopes in such a way that suspended load 

increases more rapidly than discharge. This feature is 

interpreted as indicating that rainfall and runoff conditions 

on the watershed supply the major stream channels with a large 
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increment of sediment for each increment of water. That is# 

the processes of sheet# rill# and gully erosion on the water¬ 

shed contribute increased loads of debris to the stream# 

causing the observed slope of the line relating load to 

discharge (Leopold and Maddock, 1953# p. 21). 

Within a drainage basin# the percentage of area with low 

surface slope increases with drainage area# resulting in 

smaller sediment per unit of runoff values in a downstream 

direction. Therefore# the concentration of suspended load 

tends to decrease slightly downstream. However# the total 

suspended load naturally increases due to increased discharge 

(Leopold and Maddock# 1953# p. 22). 

Suspended sediment concentrations are not uniform 

throughout a stream's cross section# but average values must 

be used in any sediment discharge estimations. At present# 

the most acceptable sampling device is a depth-integrating 

suspended load sampler which collects material proportionately 

within a given vertical, in lieu of this apparatus several 

other less sophisticated techniques can be applied in order 

to determine the mean suspended load at a cross section. The 

Tessas Board of Water Engineers# after extensive study# have 

found that a sample taken from 6/10 of the depth gives the 

mean concentration for that vertical within the limits of 
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permissible error. Similarly, they disclosed that the mean 

suspended load concentration for a cross section can he 

accurately estimated by talcing 6/10 depth samples at 1/6, 1/2, 

and 5/6 of the stream’s width, weighting the sample at the 1/2 

point twice as much as the other two (The Silt Load of Texas 

Streams, 1940, p. 3-4). 

OBSERVATIONS AND RESULTS 

Data obtained from the samples collected for this study 

were of such a limited nature that only generalisations con¬ 

cerning the Trinity could be made. The results verified 

Leopold and Haddock's contention that suspended load increases 

more rapidly with increasing discharge. Discharge and 

sedimentary load characteristics of a stream are influenced 

by several factors. Surface runoff is highly dependant upon 

rainfall, and especially rainfall intensity, but is also 

affected by evaporation, transpiration, topography, soil types, 

and vegetation. Hence, variations in discharge and sediment 

load must be considered in terns of the interrelationship of 

numerous natural phenomena. In addition to natural features, 

the runoff of the Trinity is also affected by man-made changes, 

such as fioodwater detention reservoirs, and withdrawal for 

use in municipal, industrial, and irrigation systems. 
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Estimated Average Annual Suspended Load 

In order to estimate the average yearly suspended load 

contribution of the Trinity to its delta it is necessary to 

consider seasonal discharge fluctuations caused by the afore¬ 

said factors. Ideally one could plot a curve representing 

mean annual discharge on a daily basis, superimposing upon 

this a curve corresponding to daily transport of suspended 

load. Then by integrating, or accumulating the daily volumes 

of suspended load over this "typicalH year, one could predict 

a reasonable average yearly total. 

However, the data collected for this study provide only 

five measurements of suspended load at each downstream station 

during 1965, and consequently, an acceptable suspended load 

curve cannot be constructed. Extrapolation of these meager 

data to an annual figure is highly speculative and should be 

avoided. 

The Texas Board of Water Engineers in conjunction with 

the U.S. Department of Agriculture publishes annual 

compilations of the silt loads of selected Texas streams. A 

silt-sampling station is maintained at Romayor, and daily 

samples are taken from which monthly loads are calculated and 

recorded in The Silt Load of Texas Streams. Monthly suspended 

loads and discharges for at least 15 water years are available 

in these publications. 
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The obvious advantage o£ accumulating suspended load 

information from a continuous graph is that it takes into 

account seasonal flow variations. In order to approximate 

these changing conditions, a series of monthly curves, was 

constructed wherein suspended load in tons is related to 

discharge in second-feet. Each monthly graph consists of at 

least 15 points, and straight-line plots are fitted visually. 

Indeed, the monthly curves vary slightly, reflecting changes 

in runoff induced by climatic conditions, vegetation, and 

human interference (these curves are reproduced as Figs. 1-6). 

The Water Resources Division of the U.S.G.S. continuously 

accumulates and interprets discharge data for the Trinity 

River. In so doing it annually revises mean monthly runoff 

figures, and now has this information based on 41 years of 

records (1924-65). Using these mean monthly discharges, the 

corresponding mean monthly suspended loads were read off of 

the appropriate monthly curves. These figures were then 

adjusted to account for the relative lengths of the months, 

and the results accumulated to provide an estimation of the 

average annual volume of suspended material. 

The total silt load in tons per year is divided by 1524.6 

to convert to acre-feet per year. This figure is recommended 

by the Texas Board of Water Engineers on the assumption that 
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Figure 1 

Discharge (acre-feet) 

Sediment-rating curve for Romayor, 
January and February 
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Figure 2 

Sediment-rating curve for Romayor, 
March and April 
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Figure 3 

Discharge (acre-feet) 

Sediment-rating curve for Romayor, 
May and June 
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Sediment-rating curve for Romayor, 
July and August 
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Sediment-rating curve for Romayor, 
September and October 
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Discharge (acre-feet) 

Sediment-rating curve for Romayor, 
November and December 



one cubic foot of silt subjected to alternate wetting and 

drying (as in the deltaic environment) weighs approximately 

70 pounds (The Silt Load of Texas Streams# 1940# p. 4). 

These calculations indicate that the trinity River 

delivers approximately 3000 acre-feet of suspended material 

to the delta annually. This figure compares favorably with 

the yearly average of 3622 acre-feet estimated by the Texas 

Board of Water Engineers (16th Annual Report# 1955# p. 50). 

Their results however# are obtained by merely dividing the 

total silt load recorded during the period of investigation# 

by the number of years involved, 18.142. 

Significance of Flood Flows 

Visual observations and common sense intuitively indicate 

that floods are very important features of a river system's 

geometrical# discharge# and sedimentary characteristics. The 

two highest flood stages of 1965 on the Trinity were invest¬ 

igated in order to determine the relative importance of high 

and low water stages to the total amount of wafer and suspended 

load transported annually. 

A continuous graph of daily discharges at Romayor was 

constructed with information supplied by the Water Resources 

Division of the U.S.G.S. From this (reproduced as Fig. 7) a 

high water stage of 39 days duration, from May 11 through 
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JUne 18, and one of 30 days, from February 11 through March 12, 

are observed. The volume of water transported during these 

intervals is obtained by summing the daily discharges figures 

and converting to the appropriate units. 

The May flood moved 1,884,640 acre-feet of v*ater and 

the smaller flood 997,780 acre-feet* Since the total runoff 

for water year 1965 was 5,308,000 acre-feet (unpublished 

U.S.G.S. data), the greater flood represents 35.5% and the 

smaller one 18.8% of the yearly flow. These two flood stages, 

totalling 69 days, account for over 54% of the water trans¬ 

ported during the entire year. 

Each flood was subdivided into its monthly flows, which 

were then used to determine the respective suspended loads 

from the appropriate monthly sediment-rating curves. The May 

flood carried 2,700,000 tons of suspended material and the 

earlier flood 1,050,000 tons. Converted to acre-feet, they 

equal 1770 and 690 respectively. Assuming a yearly contribution 

of 3000 acre-feet, the May flood accounts for 59% and the 

February flood for 23% of the yearly total; or, the combined 

floods carried approximately 82% of the river's entire 

suspended load. The significance of flood flows to both 

water and sediment movement is undeniable and must be considered 

in any study of river transport. 
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........ Variations in Suspended Load 

Vertical, lateral, and downstream variations in the 

concentration and particle-size distribution of the suspended 

load samples collected for this project have been studied 

qualitatively. Due to the limited number of sample analyses 

available, and the wide range of their characteristics, it is 

more informative to observe general trends rather than to 

quantify the data. Much better sample distribution and more 

rigorous analytical techniques would be necessary in order 

to define the systematic variation of these parameters. 

Suspended Sediment Concentrations: Within a given 

stream cross section, vertical variations in suspended load 

concentration tend to be much more systematic than those in 

a horizontal direction. The normal situation shows concentra¬ 

tion increasing with depth, although frequently surface and 

bottom values are very similar? occasionally the reverse 

gradient exists, where the surface concentration exceeds that 

near the bed. Whereas vertical concentration gradients are 

somewhat predictable, horizontal patterns appear quite 

variable, and it usually is not feasible to relate horizontal 

distributions to the cross-sectional dimensions. 

Three factors probably explain most of the observed 

anomalies in the suspended sediment concentration patterns 
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of this study. 

(1) Samples taken at the 1/4 and 3/4 width points 

occasionally represent unusual flow situations* The Water 

Resources Division of the U.S.G.S. supplied prints of the 

stream cross sections at the sampling locations* Given the 

mean gage height during a particular day, the water surface 

can he plotted and the channel configuration observed. Two 

types of discrepancies are noted* (a) High water stages 

frequently cause the river to overflow its banks. Hence, 

samples from the 1/4 and 3/4 points sometimes represent very 

shallow water conditions over a flooded field, with sluggish 

flow and sediment entrapment by vegetation. The highest 

water stage at the Oakwood station shows this effect, where 

the gage height is 37.85V the discharge 18,700 cfs, and the 

concentration only 0.17 o/oo. This concentration is much less 

than that shown by the two previous sets of samples where the 

gage heights were 31.75' and 31.72*, the discharges 12,900 

and 12,800 cfs, and the concentrations 0,68 and 0.48 

respectively. (Refer to Table 1 for mean suspended load data), 

(b) Low water stages at certain locations show similar effects 

where an extensive shelf is developed with corresponding lew 

velocity and sediment load. The Riverside station fits this 

description during low water, where a broad shallow shelf 

exists on the eastern side of the stream. 
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TABLE 1 

MEAN SUSPENDED LOAD CONCENTRATIONS IN o/oo* 

Station 

Date 

Rosser Oakwood Riverside Roraavor 

2-13-65 — ~ —»w 1.47 

2-27-65 0.31 0.68 0.35 — 

4-3-65 0.26 0.48 0.84 1.38 

5-23-65 — w 0,45 — 

5-30-65 0.50 0.17 — 0.68 

7-17-65 0.13 0.13 0.10 0.13 

8-28-65 0.13 0.14 0.13 0.14 

♦Mean suspended load concentrations are calculated thuslys 

(1) Concentrations at the 6/10 depth levels for verticals 

at the 1/4, 1/2, and 3/4 width points are computed graphically 

by interpolation, using the measured surface, bottom, and 

intermediate concentration values, 

(2) The weighted mean is derived by weighting the value at 

the 1/2 point twice as much as the other two points. 

This method is somewhat analagous to that recommended by 

the Texas Board of Water Engineers, using the 6/10 depth values 

at the 1/6, 1/2, and S/6 width points. The values obtained 

by this approximation correspond quite closely to a straight 

unweighted average. When these two figures are somewhat 

different, their mean value is used. 
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(2) Leopold (1962, p. 527) describes the helical flow 

pattern induced upon a stream within a meander. The normal 

process of meander migration involves the cross-channel 

velocity component being directed toward the concave bank 

near the stream surface and eroding this bank. The corres¬ 

ponding cross-channel component at the streambed is directed 

toward the aggrading point bar, causing deposition. Several 

bottom suspended load samples over known point bars show 

unusually high concentrations, probably reflecting the effects 

of this helical flow pattern, 

(3) Inadvertent sampling of bedload material, especially 

during flood stages, probably causes some abnormally high 

concentrations, Kfote sample V—K—17b which shows a concentra¬ 

tion of 99.1 o/oo, composed of 98.5% sand, which is in the 

medium to coarse sand range. Also certain samples contain 

granules of several mm diameter, hardly representative of 

normal suspended load. 

Grain-Size Distributions s A photo-extinction technique 

was used in the determination of the grain-size distribution 

of each sample's silt fraction. Due to the extremely small 

sample size, the corresponding sand fractions were examined 

visually by petrographic microscope in order to estimate the 

approximate median diameter. The results were then combined 



in a series of cumulative freguency curves, plotting particle 

sizes in phi units versus percent coarser than. The curves 

provide a general picture of certain changes in the grain™ 

size distributions both within a cross section and in a 

downstream direction under varying discharge conditions. 

These generalized observations includes 

(1) Certain sets of samples at a station show very good 

agreement between either all of the individual samples, or 

between the surface and bottom groupings separately. However, 

other sets show no definable relation, with a great variety 

of curve shapes. 

(2) The sand sizes generally follow a predictable 

patterns surface samples (where sand is present) tend toward 

the very fine and fine sand ranges, with occasional medium- 

grained components; bottom-sample fractions are typically 

coarser, lying in the fine and medium sand ranges, with 

several containing coarse and very coarse constituents. 

(3) Sand percentages increase noticeably downstream. 

Considering only those samples with greater than 10% sand by 

weight, the number of such samples from the sampling locations 

iss Rosser - 3, Oalswood - 4, Riverside - 11, and Romayor - 

21. However the absolute values of the median sand grain 

sizes do not vary systematically. 



(4) Usually the July and August samples show better 

sorting, by a more steeply sloping curve, than their earlier 

counterparts* 

(5) The observed aberrations in the particle-size 

distributions probably result from the same phenomena that 

cause unusual concentrations. 

Estimated Grain-Size Distribution of Annual Suspended Load: 

Three methods were used in an attempt to describe the 

size distribution of the suspended material delivered to the 

Trinity delta yearly. This information would be essential 

to the establishment of a mass balance between the river and 

its delta. Only the samples collected at Romayor can be 

considered in this estimation since it is the station nearest 

the delta. The methods ares 

(1) The average percentages of sand, silt, and clay are 

determined for each set of samples taken at Romayor by adding 

the individual percentages and dividing by the number of 

samples. These figures are then multiplied by factors which 

reflect the relative discharge data for the different days 

during which samples were collected. Adding the results for 

sand, silt, and clay, and then dividing by the appropriate 

factor yields the respective percentages for each size grades 

23.96% sand, 33,68% silt, and 42.34% clay. 
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(2) This method is similar to #1 in all respects except 

that the absolute amounts of each size class were determined 

for each set of samples by multiplying the measured 

concentrations by the calculated percentages. The percent¬ 

ages for each set were then computed. Next the data were 

weighted according to relative discharge figures, summed, 

and reduced to the desired form as in the first method. The 

results are somewhat different* 30.07% sand, 31.86% silt, 

and 38.06% clay. 

(3) Two graphs were plotted showing the changes in the 

size-class percentages with varying discharge, using the data 

of the first two methods individually. These curves show 

sand and clay percentages increasing, but silt percentage 

decreasing with increasing discharge. By applying the mean 

monthly discharge figures to the curves, the corresponding 

monthly percentages of each size grade can be obtained. These 

figures were then multiplied by factors representing the 

differences in mean monthly flows. Summing the figures for 

the various size classifications and dividing by the proper 

factor yields the resulting values* using data obtained by 

method #1 to plot the graphs, 20.97% sand, 27.28% silt, and 

53.29% clay; from data obtained by method #2, 27.19% sand, 

26.09% silt, and 46.89% clay. 
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The graphical method would give acceptable results if 

the curves could be constructed using much more extensive 

data* But with only five points# the curves are crude at 

best and could be quite unreliable. On the other hand* the 

first two methods do not depend on any graph, but consider 

only five days out of an entire year. Consequently# too 

much reliance cannot be placed on the absolute nature of 

these results, rather the general relation must be considered. 

A reasonable estimate for the relative amounts of each size 

component delivered to the delta each year, based on infor¬ 

mation obtained four different ways, is 25% sand, 30% silt, 

and 45% day. 

DISCUSSION 

Suggestions 

In order to facilitate an expansion of this study, 

several factors should be considered; 

1. Whenever possible, samples should be collected at shorter 

time intervals, perhaps covering an entire year during low, 

intermediate, and high water stages. 

2. Samples should be taken at the locations recommended by 

the Texas Board of Water Engineers? i.e. from 6/10 depth at 

the 1/6, 1/2, and 5/6 width points. 
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3. If abundant organic material is suspected, the intro¬ 

duction of formalin upon collection, and later oxidation by 

hydrogen peroxide is recommended. 

4. Waiting until the last possible step before drying and 

weighing the sediment is desirable, for this reduces the 

chances of aggregation of the fines and the necessary time- 

consuming dispersal. 

5. Due to the very small sample size, the fewer sample 

transfers the better, for coarse material is easily lost on 

the sides of containers. 

Future Use of Data 

Any further utilization of this study must be undertaken 

with the realization that these results were obtained with 

very limited data and should be viewed qualitatively rather 

than quantitatively. 

CONCLUSIONS 

1. The Trinity River annually delivers about 3000 acre-feet 

of suspended sediment to its delta, consisting of approximately 

25% sand, 30% silt, and 45% clay. 

2. During water year 1964-65, two flood flox*/s accounted for 

more than 50% of the Trinity's water transport and over 80% 

of its suspended sediment transport* 
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3, On the basis of limited data, systematic variations in 

suspended sediment concentrations and particle-sise 

distributions are very difficult to characterize. 

4. Prom the data obtained during 1965 the Trinity 

apparently does not support Leopold and Maddock's contention 

that suspended sediment concentration should decrease 

downstream. This might be caused by differential rainfall; 

that is, more and higher-intensity rainfall in the downstream 

reaches. Although this effect was not investigated by 

comparison with older records, this feature could be 

characteristic, for the downstream drainage areas usually 

average much more rainfall than their upstream counterparts. 
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APPENDIX A 

DESCRIPTION OP PHOTOMETER APPARATUS AND TECHNIQUE 

Much of this information is contained in papers by 

Simmons (1959) and IfcKsnsie (1963) . 

Theory s The photo-eastinction method for small-particle 

analysis depends on the absorption of light by silt-size 

particles in suspension. The rate of change of absorption 

in a sedimentation cell containing a polydisperse system is 

related by Stokes* law to the particle diameter. Rather than 

measuring the density variations of a suspension, as in the 

pipette and hydrometer methods, the photometric technique 

analyses changes in the light intensity observed in the system 

with time. 

Apparatus t Figure 8 is a schematic diagram showing the 

components of the photometer which was used. This machine 

incorporates several modifications of earlier models? for 

instance, the capacity to run as many as six samples 

essentially simultaneously, a variable-intensity light source, 

and a variable-sensitivity photoelectric receptor cell. Each 

sedimentation cell consists of a cylindrical pyrex test tube 

of 35 mm I.D. and about 75 mm height. It is capped with a 

rubber stopper and seated in a milled plastic base. The base 

is equipped with tracKs upon which a movable carriage. 



-38- 

oo 
CD 
U 
3 
tn 
•H 

S
c
h
e
m
a
t
i
c
 
d
i
a
g
r
a
m
 
o
f
 
p
h
o
t
o
m
e
t
e
r
 
a
p
p
a
r
a
t
u
s
 



-39- 

containing the light source and receptor cell, is free to 

move. At each of the six sedimentation cell stations, 12-mm 

diameter holes are bored through the plastic base, through 

which the beam of light passes. 

The cells are scribed so that when the water reaches a 

certain level, the distance of fall from the surface to the 

point at which the light passes through is 4 cm. The light 

source and receptor tube are located on opposite sides of 

the movable carriage and are each independently variable. 

The readings of light intensity are taken from a microarometer 

equipped with three ranges of sensitivity. A photograph of 

this equipment is contained in a Ph.D. dissertation by 

Wesley Krawiec from Rice University, 1966. 

Calibration: Various light intensities, photo cell sensitivi¬ 

ties, and sediment concentrations were compared in order to 

determine the best operating range. For this particular 

photometer the best response was obtained by using sample 

weights of about 0.25 grams. Grain-size distributions were 

calculated at 5 micron intervals, as in previous work, and 

also at 10 micron intervals, to compare results. The curves 

corresponded satisfactorily, so subsequent analyses were run 

at 10 micron intervals in order to cut down the computation 

time and to permit the analysis of multiple samples. 
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Several samples were split and studied both by the 

photo-extinction and pipette methods in order to establish 

the validity of the photometer results. The curves were 

generally correlative, but so much variation occurred between 

the pipette analyses that a rigorous relation was impossible. 

The photometer results, on the other hand, were extremely 

similar and reproducible. 

Procedures After the suspended-load sample has been separated 

and dispersed according to acceptable techniques, the analysis 

can begin. 1. The sample is introduced to the sedimentation 

cell and diluted with distilled water up to the scribed mark. 

2. After agitating for about a minute, it is placed in the 

proper station in the photometer. 3. The sample should sit 

for about 10 seconds before starting the timer, in order to 

reduce turbulence and density flows. 4* Light intensity 

readings are taken from the raicroarameter which has been 

previously set at a value of 100 with light transmitted through 

a standard blank solution of distilled water and sodium 

oxalate. Readings are taken at predetermined times which 

are calculated from Stokes' Law. Stokes' Law, which governs 

the rate of fall of spherical particles through a viscous 

medium, may be stated as: V ~ q(Ds - Dm)d 
18n 

where V is 
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velocity? g acceleration due to gravity; (Ds - Dm) the 

difference in specific gravity between the particle concerned 

and the medium used? d the diameter of the particles; and n 

the viscosity of the medium. Consequently by substituting 

the diameter of a given sized particle, its fall velocity 

can be determined. Since the grains are dropping through a 

distance assumed to be 4 cm, it is a simple matter to solve 

for the time involved. It is this series of times at which 

readings are taken that gives the results at 10-micron 

intervals (or whatever intervals are desired), 5. Remove 

the sample after talcing the reading at the 5 micron size, 29 

minutes and 43 seconds. 6. Compute the grain size 

distribution, following the technique described by McKenzie 

(p. 43-5). 

Advantages and Disadvantages of Method s Although this 

technique is applicable only for particles in the silt range, 

sand-sized material can be retained if it is not abundant, 

for: 1. the sand grains are not recorded because they fall 

past the light beam before any readings are taken? and 2. to 

remove the sand grains would be too difficult, due to the 

small sample size and the critical water volume. 

The method is valid for vary small samples, reportedly 

as small as 5 ppm, which is impossible with pipetteing. This 



42- 

is a very rapid procedure, and it can be restarted with no 

trouble. It is highly reproducible, an important considera¬ 

tion, Also it correlates quite favorably with other standard 

methods j it yields results very similar to the standard 

microscope method and is superior to both the pipette and 

hydrometer techniques. 

There are several minor disadvantages. Excessive 

organic material in colloidal suspension and abundant clays 

tend to cause discrepancies and inaccurate results. Although 

they do not weigh much, their extremely fine nature probably 

causes a ‘'mashing" effect, whereby the removal of the coarse 

silts is not reflected in the light intensity changes. This 

can be avoided by eliminating the organics or by running 

much smaller samples, which would involve splitting. Water 

volume is critical, for each sample must fit completely into 

the sedimentation cell. Therefore, any treatment that 

increases the volume of water will be troublesome. 
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APPENDIX B 

TABLE RELATING SAMPLE COLLECTION INFORMATION 

TO HYDROLOGIC CONDITIONS 

SET NO. DATE STATION GAGE HT. 
(PEET) 

DISCHARGE 
(CPS) 

I—K 2-13-65 Romayor 12.75 13,200 

II—A 2-27-65 Rosser 22.50 8,820 

IX—B 2-27-65 Oaftwood 31,75 12,900 

II-H 2-28-65 Riverside 18,46 16,800 

III—A 4-3-65 Rosser 9.30 1,580 

III—E 4-3-65 Oate/ood 31.72 12,800 

III—H 4-3-65 Riverside 20.10 18,800 

III—K 4—4—65 Romayor 16.22 19,600 

2V-H 5-23-65 Riverside 29.91 33,400 

V-A 5-30-65 Rosser 25.09 10,900 

V-E 5-30-65 Oalswood 37.85 18,700 

V-K 5-30-65 Romayor 25. Q0 42,400 

V2-A 7-17-65 Rosser 6.68 812 

VI—E 7-17-65 Oakwood 6.92 540 

VI—H 7-17-65 Riverside 2.03 758 

VI—K 7-17-65 Romayor 4.58 820 

VII—A 8-28-65 Rosser 5.16 453 

VII—E 8-28-65 Oalcwood 7.25 640 

VII—H 8-28-65 Riverside 1.74 598 

VII-K 8-28-65 Romayor 4.30 675 
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APPENDIX C 

PEKPINEtH? DA3?A 

sol. no* location depth susn* conc.Sfed 
(o/oo) 

&silt 

1-1 2/3 from W surf* 1.235 4.12 27.49 68*39 
-3 nr* W end surf* 1.140 3*01 39.74 57.25 
-4 nr* w end 12* 1.550 15*44 25.65 58.91 
-5 1/3 from W 35* 1.520 15.04 30.98 53.98 
-6 1/3 from w 35' 1.520 17,87 22.87 59.26 
-7 2/3 from W 25* 2,570 45.48 19.63 34.89 

II—A—1 1/4 from E surf. 0.234 0 43.92 56*08 
-2 U 11 tt 10* 0.330 2.30 49.47 48.23 
**3 1/2 point surf* 0.294 0 46,96 53,04 
-4 VI II 20* 0*316 5.33 26.28 68.39 
-5 II if 10' 0.318 2.82 39,38 57.80 
-6 3/4 from E surf* 0.281 0 27.25 72.75 

II-E-1 1/4 from W surf* 0.646 0 16.51 83.49 
-2 II II VI 4* 0.579 0 20.01 79.99 
-3 1/2 point surf* 0*686 0 17.84 82.16 

it it 25* 0.715 0 20.83 79.17 
-6 3/4 from W surf* 0.699 0 20.69 79.31 
—7 II VI II 4* 0.706 0 16.12 83.88 

XI-H-X 1/4 from W surf. 0.331 2.13 21.70 76.17 
-2 » n n 12f 0.361 9.90 21.70 68.40 

III—A-8a 1/4 from E surf. 0.209 0 75.40 24,60 
-10s 1/2 point surf. 0.201 3*51 53.37 43.12 
-lib «l II IS* 0.226 7.55 46.49 45.76 
-12i It It 8* 0,193 0 47.39 52,61 
-13s 3/4 from E surf. 0.187 0 46.87 53.13 
-14b ft t» f» IS' 0.579 9.40 23.47 67.13 

111—£-8s 1/4 from w surf. 0.444 3.20 21,76 75.04 
—9b tt ft tt 9' 0.458 2.36 12.89 84.75 
-10s 1/2 point surf. 0.466 1.52 33.18 65.30 
-lib ft <t 25' 0.523 8.70 16.06 75,24 
-12i tt «l 12* 0.496 1.49 19.20 79.31 
-14b 3/4 from W 30' 0.487 4.46 15.37 80.17 
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spl, no,_ location depth susp. cone 
(o/oo) 

. %sd %silt %clav 

XXI-H-Bs 1/4 from w surf. 0,805 3.45 14.06 82.49 
-9b 
-10s 

If 

1/2 

It ft 

point 
20* 

surf. 
1.080 
0,724 

18.98 10.90 70.12 

-11b If tl ? 0.828 4.35 14.18 81.47 
-13s 3/4 from w surf. 0.770 1.34 20.59 78.07 
-14b If It It ? 7,510 83.57 2.59 13.84 

2II-K-8S 1/4 from w surf. 0.964 12,78 15.09 72.13 
— tl ft tl 15* 1.020 13.54 15.37 71.09 
-10s 1/2 point surf. 0.880 7.43 21,45 71.12 
-lib It it 22* 1.530 34.60 15.51 49.89 
-12i f* it 12* 0.914 11.28 21.99 66.73 
—13a 3/4 from W surf. 0.817 6.38 15,60 78.02 
-14b II l» If 15* 4.040 69,80 4.53 25.67 

IV-H-15S 1/3 from W surf. 0.288 15.87 42,60 41,53 
-15b ii ft tt 25* 0.903 43.66 22.21 29.13 
-17s nr. E bank surf. 0.265 14.47 43.41 42.12 

V—A—15a 1/4 from W surf. 0.379 7,77 37.40 54,83 
-15b II tl it 20* 0.489 10,81 28.91 60.28 
—16 s 1/2 point surf. 0.361 5.41 42.20 52.39 
-16b It Cl 23* 3.920 82.62 3.39 13.99 
-16i St tl 10' 0.398 10.28 29.51 60.21 
-17s 3/4 from W surf. 0.380 7.92 45.22 46.86 
-17b II It II 15* 0.969 22.13 27.55 50,27 

V-B-ISs 1/4 from w surf. 0.080 0 46.21 53.79 
-15b it It it 4* 0.097 0 68.52 31.48 
-16s 2/3 from W surf. 0.100 0 49.79 50.21 
—16b tt It if 21* 0.172 21.43 37.75 40.82 
-16i it ft If 11* 0.121 5.71 62.17 32.12 
-17s S/6 from W surf. 0.102 3.00 41.55 50.45 
-17b IS It t) 37' 0.505 72.07 13.64 14.29 

V-K-15S 1/4 from W surf. 0.554 21.51 63.66 14.83 
-15b it It II 28* 0.760 34.83 36.81 28.36 
-16s 1/2 point surf. 0.490 15.79 37.79 46.42 
-16b is It 33* 0.960 41.92 39.70 18.38 
-16i if 23* 0.775 29 .44 36.30 34.26 
-17s 3/4 from W surf. 0.559 19.25 45.50 35.25 
-17b II tt t» 27* 99.100* 98.49 — immm 

* This value was not included in any calculations. 
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spl. no. location depth susp. cone %sd %silt %c!av 

Vi~A~18s 1/4 from w surf. 0.097 0 59.63 40.37 
-10b It ft tt 14* 0.164 6.82 63,86 29,32 
-19s 1/2 point surf. 0.112 0 57.36 42.64 
-19b I) »t 10* 0.171 8.16 39.97 51.87 
-20b 3/4 from w 6* 0.098 0 22.97 77.03 

VI-E-18S 1/4 from w surf. 0.110 0 41.49 58.51 
-18b t> tt it 6* 0.129 0 81.92 18.03 
-19s 1/2 point surf. 0.155 18.92 33.26 47.82 
-19b If tl 8* 0.162 20.00 46.60 33.40 
-19A ft ft 4* 0.140 0 62.17 37.83 
-20s 3/4 from w surf. 0.134 0 63.85 36.15 
-20b «r tt t» 7* 0.139 0 31.48 68.52 

VI-H-18S 1/4 from W surf. 0.069 0 75.74 24.26 
-18b If tt tt 8* 0.076 0 76.91 23.09 
-18i It . •» » 4* 0.093 0 63.63 31.37 
-19 s 1/2 point surf. 0.076 0 74.99 25.01 
-19b It It 6* 0.142 19.51 63,39 17.19 
-20s 3/4 from w surf. 0.126 33,33 42.73 23.94 

VI-K-18S 1/4 from W surf. 0.053 0 72.14 27.86 
-18b It tf tl 24* 0.386 41,24 33.15 25.61 
-19s 1/2 point surf. 0.049 0 62.60 37.40 
-19b It tt 27* 0.233 37.29 38.53 24.18 
-20b 3/4 from W 13* 0.122 39.39 32.46 28.15 

VII-A-21S 1/4 from W surf. 0.090 0 56.30 43.70 
-21b If » tl 9* 0.183 0 39.95 60.05 
—22s 1/2 point surf. 0.119 11.76 59.56 28.68 
-22b ft tt 10* 1.465 2.15 37.81 60 • 04 
-221 It II 5* 0.126 0 75.78 24.22 
—23s 3/4 from W surf. 0.127 0 69.16 30.34 
-23b It ft II 4* 0.109 0 69.17 30,83 

VXX-E-21s 1/4 from W surf. 0.143 0 46.54 53.46 
-21b II tt tl 7* 0.157 0 53.70 46.30 
—22 s 1/2 point surf. 0.147 0 50.90 49.10 
-22b tl tt 9* 0.147 0 59.77 40,23 
-22i »> 19 

4V 0.134 0 46.39 53.61 
—23s 3/4 from w surf. 0.147 0 45.23 54.77 
-23b II ft tt 6* 0.131 23.68 47.61 28.71 



spl. no, location depth susp, cone, %sd %silt %clav 

VXI-H-21S 1/4 from W surf. 0.121 0 64.91 35.09 
-21b It II II 8* 0.102 17.24 52.35 30.41 
-21i If If If 4* . 0.103 20.69 46.63 32.68 
-22s 1/2 point surf. 0.160 35.29 34.01 30.70 
-23s 3/4 from W surf. 0.168 41.67 37.29 21.04 

VII-K-21S 1/4 from W surf. 0.092 23.08 37.49 39.43 
-21b it ii n 301 0.201 6.25 51.56 42.19 
-22s 1/2 point surf. 0.105 0 66.00 34.00 
-22b If II 18' 0.229 54.55 27.23 18.22 
-22i It II 9* 0.098 14.29 55.25 30.46 
-23s 3/4 from W surf. 0.103 0 68.28 31.72 
-23b It If . II 10* 0.265 5.33 44.77 49.90 


