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INTRODUCTION 

Qne of the most important and valIDlble of the natural resources 
of Texas is its water supply. The development of all other resources, 
the extension of agricultural areas, and the growth of cities are 
largely dependent upon properly controlled supplies of water suit
able as to quality and sufficient in quantity. A stream that periodi
cally overflows its banks, submerging fertile bottom land, is a menace 
to life and health and a significant factor in retarding the progress 
of the community "ihich it .should serve. . 

In Texas, where stream flow is generally intermittent, being sup
plied by ,rainstorms of varying mtensities occurring at irregular 
intervals, the full utilization of the water resources mlWt necessarily 
include provision for the impounding of flood water in stora~e 
reservoirs. The function of such reservoirs is twofold-to retam 
the water for future use and to play a very important part in .flood 
control by .materially reducing the peaks of .floods that in~date 
iertile areas adjacent to the streams. 

1 Prepared in cooperation with the Texas Board of Water Engtneers. 
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Run-off,erosion, and transpOrtation of eroded ~dweathered ma
,terial are affected by many diverse factors, the more important Qf 
which~l:'e amount and intensity of rainfall, topography, structure 
and texture of the soil, and amouni; and '!lharacter of the surface 
cover. The majol' portion of tl.1e eroded and weatheredmatenal car
ried into a reservoir by the supply stream is deposited all soon as 
the velocity of the inflow is sufficiently diminished. Such deposits 
reduce the storage capacity. and, in some instances, where proper 
allowance .for the accumuIatJon was not made, the usefulness of the 
reservoirs has been destroyed. . 

A vital requirement of a successful storage reservoir is that its, 
life-the interval between its initial use and the time when its ca· 
pacity is reduced by the deposition of silt to the extent that it n() 
lon~er serves the purpose for which it was designed-shall be of 
sufficient length to return the cost plus a reasonable profit. 

011e of the important problems to be solved in properly design
ing a storage reservoir is that of estimating the silt load of the 
supply stream so that capacity can be provided to take care of the 
deposited material long enough to insure the economic soundness of 
th~ project. The beEt'basE for estimating the silt load is a long
term record of silt measurements made at or near the reservoir site. 
However, when the construction of a new reservoir is contemplated 
such records are seldom available and it is rarely practicable til) delay 
the project several years while one is being made. The result is 
that estimates are based on short-term or fragmentary records at 
the site, or on records taken in another locality where conditions 
are assumed to be comparable. Either procedure may lead to serious 
error. 

In compliance with numerous requests from engineers practicing 
in the State and in recognition of the n.eed for definite information 
cOlicerning the silt load of Texas streams that might assist the State 
Board of Water Engineers in passing upon applications for permits 
to store flood water, an investigation was inaugurated in 1924 and 
is still being carried on under a cooperative agreement between the
Bureau of Agricultural Engineering, United States Department 
of Agriculture and the Texas Board of Water Engineers. Thefol
lowing report is the first progress report of the studies thus far 
made. . 

The following organizations have assisted in the collection of water 
samples and other associated work: United State~ Geological Sur~ 
vey, International WaterComlpission, Walker-Caldwell Water Co., 
Wichita County water improvement district no. 1, and the city of 
Waco. Stream-flow records and drainage-basin areas have been fur
nished by the water resources branch of the Geological Survey. 

R. G. Hemphill,2 irrigation eng,meer, had general supervision of 
the .investigations until May 1930. The writer has been in immediate 
eharge of most of the field, office, and laboratorv work since the in
,ception of the project. Sin~ September 1930 F. J. Fricke, junior 
civil engineer , has assisted with the laboratory work and the pro
tracted computations required in connection with the ta,bulation of 
the daily records. 

• ltalIllnumbers in parentheses refer to T.iterntul'e Cited, p. 56. 
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'Jl. '~itEVIOUS SILT INVESTIGATIONS IN TEXAS, . 

During 1899, 1900, 1901, and 1902, J. C. N aO'le directed a silt 
investigation which. included Brazos River at Jones Bridge near 
College Station .and ·Wichita . .River at Wichita Falls (13, 14,15).3 

On Brazos:Riyer at Jones Bridge, samples were. t-llken at irregular in
tervals of from 1 to 90 days 'from May 29,1899, to December 31, 1902. 
The samples were placed in glass tubes and after 7 days' settlement 
the percentage of silt by volume was determined from the heights 
of the prisms of silt in the lower parts of the tubes and the clear
water columns above. A Jew of the samples were allowed to remain 
in the tubes for 11 months. The percentages of silt by volume were 
determined after 3D days and also at the end of the 11-month period. 
At the end of 30 days there was an additional shrinkage of 10 per
cent over that of '"{ days and at the end of 11 months an additional 
shrinkage of 15 percent was noted. There was no evidence that 
.shrinkage had ceased at the end of the ll-month period and it seem£' 
reasonable to suppose that still greater subsidence would have belm 
found if the period had been extended. 

Using the percentage of silt by volume after 7 days' settlement and 
assuming that the percentage of silt determined at irregular intervals 
would, with some modification based on the color of the muddy 
water, apply to i;he intervening period, an estimate was made of the 
volume of silt passing the section. A 25 percent reduction was ap
plied for the purpose of estimating the> volume after settlement for 1 
year (see table 1). 

TABLE 1.-SuftI,mary of silt mea8urement8, Braz08 Rive,., a.t Jone8 Bri'dge 1 

Total dis- Silt, 1 week's set- Silt, 1 year's set1'ime charge tlement tlement 

Acre-feet Acre-feet Percent Acre·feet P~anlAug. 1 to Dec. 31, 1899__________ _____.____________ 1,165,300 10,090J 0.866 7,567 0.649 
:ran. 1 to Dec. 31, 100(L__________________________ 8,806,986 115,782 1.315 86,837 .986
Jan. 1 to Dec. 31, 100L___________________________ 976,602 12, 328 1.262 9,246 .1147 
Jan. 1 to Dec. 31, 1002_____________________________ 3,362, 991 ~O, 190 1.1:15 30,142 .8IlII 

Total·____________________________________ 14,311,8791 178,390 1.241l 133,792 .1135 

1 U.S.Dept.Agr., Oft'. :Expt. Stas. Dul.l33 (16, p. 105). 
• For 41 months. 

Daily samples taken since June 1924 at several stations on the 
Brazos River indicate that the color of the water depends upon the 
color of the soil where the flood originates and not upon the charge 
of silt in suspension. They indicate further that serious error may 
result from extending the periods between samplings. 

On Wichita River at Wichita Falls (19, 14) samples taken at 
irregular intervals of from 2 hours to 228 days, between May 21, 
1899, and February 15,. 1902 were treated in the same manner R..C; 
those from Brazos River at Jones Bridge. The volume of the silt 
passing the section was estirnat.ed on the basis of '"{ days' settlement 
and reduced 25 percent to arrive at the volume after 1 years' settle
ment (table 2). 

• Italic numbers In pal"l&Ilthesed refer to Lftetature Cited p. 56_ 
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TABLK 2.-Summary of 8ilt mea8urement8 on Wichita Bioor at Wichita Fall8 ' 

Total dis, Sut, 1 week's set- Silt, 1 year's set·Date charge tlement tlement 

--- I 
Acre-feel Acre·feet IPacem Acre·feel IPercentFeb. 10 to Dec. 31, 1900_____________________________ 842,453 10, 171 1.207 7,629 0.906Ian. 1 to Dec. 31,1901_______________________________ 297,883 4,639 1.557 3, 471l 1.168 

I U.S. Dept. .Agr., Off. Expt.Stas. Bulo 119 (14, p. 380). 

River discharge. especially at Wichita Falls, was based on esti
mates and. is of doubtful value. , 

W.W. Foll(:,tt analyzed, compiled, and discussed the results of silt 
investigations made by various agencies on the Rio Grande at EI 
Paso and San Marcial, covering the period June 10, 1889, to Decem
ber 31, 1912. His report (3) was published by the. Department of 
State. His conclusions are summarized as follows: 

From August 12, 1905, to May 31, 1910, at EI Paso, and from October 2, 1905, 
to December 31, 1912, at San Marcial, samples were taken at regular 3-day 
intervals. Prior to these periods sampling had been done at irregular intervals. 
The silt load was determin,* in units by weight and converted to units by vol
ume by using 53 as the ~,llD1ber of pounds of dry material that would occupy 1 
cubic foot of space when depoi.;,ted under reservoir conditions. This value was 
determiued from a single 3-inch cube of silt, free from' gravel,_ carefully cut 
from a sedimentary bar just above the Mexican dam at EI Paso. The bar 
showed signs of material shrinkage since the water had receded, there being 
cracks in it to such an extent thltt it was decided that the piece cut out, having 
already shrunk considerably from exposure to the air, would fairly meet the 
requirement that the shrinkage be enough to make up for the compression 
which it wae suppwed to undergo from the weight of the superimposed water. 

Combining the records of the twostatiODS fo<' the period from 1897 to 1912, 
inclusive, the average annual discharge was 1,192,000 'Rcre-feet of water con
taining a suspended silt load of 1.41 percent by weight. Converting the weight 
on the basis of 53 pounds of dry material per cubic foot of deposited lllud, the 
estimated yolume of suspended silt was 19,739 acre-feet per year. Based on the 
average anDual eilt volume and a drainage area above San Marcial of 30,000 
square miles. tIle average annual contribution of silt per square mile of drainage 
area was estimated to be 0.66 ,acre-foot. 

PLANS AND METHODS 

Owing to the limitation of available funds, it was impossible to 
extend the detailed investigation to all streams of the State known 
to have satisfactory reservoir sites and the Brazos River Basin was 
selected as a drainage area typical, in its various sections, of condi
tions prevailing on other drainage areas. Brazos River has its. source 
in New Mexico at an altitude of about 4,900 feet (1), where the aver
age annual precipitation is approximo.tely 15 inches (131), and flows 
in a southeasterly direction across Texil.S, dischargmg into the Gulf 
of Mexico at a point where the average annual precipitation is about 
42 inches (131). 

Sampling stations were established at gaging stations either near 
favorable reservoir sites or below areas compara.ble to other drainage 
basins. For convenience of sampling, it was necessary to select sta
tions at or near highway or railroad bridges. Nine sampling stations 
were established in the beginning, and from time to time some of the 
original stations were discontinued, and new ones in other basins 
were established. Figure 1 shows the boundaries of the drainage" 
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basins and the locations of the silt sampling stations. Table 3 is a 
list of sampling stations,inc1uding locations, drainage areas, and 
dates of establishment. 

SAMPLING EQUIPMENT 

Considerable preliminary work was done in selecting containers 
and other equipment for taking samples of river water and trans
porting them from the field to the laboratory. Since it was found 
very difficult successfully and completely to transfer samp~es of 

Sill samp//ng slations__________./:) 

Orainaae area boundarJC__ ",···~.-· 


IJCAL[ ,. MILES 
= 


lOG 50 I•• 
 ... 
FIGURE l.-Dralnage basins in TE:xas and locations of sampllng stations. 

muddy water from one container to another, it was decided that, in 
the interest of accuracy, samples should be taken and transported to 
the laboratory withont such transfer. 

An 8-ounce sample was believed to be both convenient and suffi
cient in volume for all tests. Results obtained respectively from 
samples taken in round 8-ounce wide-mouth bottles, round 8-ounce 
narrow-mouth bottles, and round a-ounce wide-mouth bottles with 
contracted openings formed by inserting a lis-inch glass tube through 
the cork agreed as closely as those obtained from samples taken 
simultaneously at the same depth in bottle8 of a single type. More 
trouble was encountered in pouring samples from the wide- than from 
the narrow-mouth bottles. The narrow-mouth bottles could be in
verted over the filter and by a horizontal rotating motion the fine 
sand could be kept in suspension and poured from th.~ bottle, while 
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withtbe bottles with wide mouths it was necessary to tip therr~ 
ge:ti,tly to avoid splashin~. This permitted fine sand to settle on the 
walls of the bottle3, reqUIring the addition of wash water in amounts 
that overtaxed the capacities of the funnels holding the filters. 

TABLE S.-List of sampling stations, '!)Jith 100a,tUJn8, drainage area.s, and dates 
of establishmen' 

G IprOb~ble! j 
Stream Locality dr"=e Ill!lnc<!n- Da~ estab- i Dat~ discon

area 1 ItnbutmgI IIshed , tmued1 area 1 I I 

------11-----1--------1 
.-- 

i Square Square I 
i mile8 mitet ' 

Double Mountll.iLl Fork of Near Aspermont______ ! 7,980 6,470 June 4,19Z4 _____________ _ 
Brazos River. ' Salt Fork o{ Brazos River __________do_______________] j 4,990 2,770 , _____do______1 Aug. 29,1925 

_.clear Fork o(Brazos River ____ Near Eliasville_______ 5,740 __________1June 3,lYU j Au~ 30,~925
Do____ •__________________ At Crystal Falls______! 4,320 __________, Sept. 3,1925 , Jail. 22, '1,929 

Brazos River__________________ At Seymour _________ ! 14,500 9,240 i June 5,1924 July 13,1930
Do________________________ Near Mineral Wells___' 23,100 9,240 I June 2,1924 ____________ _ 
Do__________________ .. ____ Near Glen Rose ______ .' 24, 800 9,240 II June 1,1924 • Aug. 31,1929 
Do ________________________ At Waco______________ , 28, 500 9,240 May 31,1924 ,--------------
Do________________________ At Rosenberg_________, 44,000 9,240 IJune n, 19U -c------ ,'-----

Little RiveL _________________ Near Little River______ ' 5,250 __________ ' June 7,1924 , Ilfay 23,1929
San Gabr:e! RiveL____________ At Circlevilll!_________: 602 __________'_____do______1 Oct. 31,1929 
Sau AntoDlo Rlver____________ Near Falls CIty_______ , 2, 070 __________ , Sept.13,1927 _____________ _ 
Nueces Riv6l __________________ Near Three Rivers____ ' 15,600 __________1 Oct. 1,1927 _____________ _ 
Colorado River oJf Te%as_______ N£ar Sau Saba_______.: 30,600 n,800 I Sept.n,1930 - ____________ _ 

~~:::::::===::~::::::::::= fr'goT~bus::=::::=:, ~:~ ~H~ ~~~.~: ~~fo '::====::=:=:=:Necbes River__________________ Near Rockland________: 3,540 __________ Aug. 8,1930 _____________ _ 

Red River---------------.. ----l Near Denison_________ , 39,400 (2) Aug. 13,1930 _____________ _
Rio Grande_____________________U Roma______________ ! 93,600 (3) Mar.26,1929 ,-____________ _ 

I U.S.Geol. Survoy files at Austin, 'I'ex., office. 
: Large percent . 
• Not available, gross area does not include Pecos and Devil River areas. 

The apparatus tried out and finally adopted for handli,lg bottles 

in t.he process of taking sample: 1 shown in figure 2, consists of a 

one-eighth by three-quarter by l5-inch steel hanger, to which a sheet


nletal bottle container, 2% inches 

in diameter' is fastened in snch a 

way that the top of the neck of a 

round 8-ouncp. bottle is 0.8 foot 

aboye the lower extremity when at

tached to an old style l5-pound 

current-meter weight. Aboyr,., the 

container is a sliding cbmp with a 

loop slightly larger in diameter 
 j' 

than the lip on the neck of a bottle. 

This clamp provents the lifting of 

the bottle from the container when 

the stopper is being removed. In 

order to prevent the stopper from 

being removed prematurely by ten

sion produced in the stopper line 

by the current, a -:fu- by 9-inch coil 

spring is attached to the to!" of the 


FIGURE 2.--SampUng apparntus used in hanger Ilnd to the Eitopper wire in

Texas, 

such a manner that the spring 

takes the tension. A medium quality no. 8 sash cord is used as a 

hand line for lowering and raIsing the apparatus, and a h-inch 


.p 
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cotton chalk: line is used to remove the stopper. In order to hold the 
stopper line away from the apparatus and prevent entanglement 
with the hoisting line, a piece of stiff baling wire 1 '7:Jh inches long is 
used asa connection between the rubber stopper and the line. 

Another sampler tried out was similar to the one described above 
with the .exception that the bottle holder was a clamp which held the 
bottle on the hanger at an angle of 65° from the vertical, with the 
opening upstream. It proved to be difficult to handle, did not permit 
the taking of full-bottle samples, and the results agreed so closely 
with those obtained from samples taken in the sampler with the 
bottle. held in a vertical position that the vertical container was 
adopted. 
. Experiments with an attachment for closing the bottle after filling 
-and before hoisting proved of no advantage and this device was 
discarded. 

For sampling fl()(,)ds with high velocities a special hanger made of 
steel one eighth inch thick, 1 inch wide, and 16% inches long with 
the vertical bottle container, using a lOO-pound weight, was provided. 
The hoisting line used with this equipment was a -i\r-inch diameter 
~irplane-strand cable, and a hand: winch with a 4-inch drum, attached 
to an A frame, was used to handle the load. 

METHOD OF SAMPLING 

The difficulty and cost of taking samples and determining their 
silt content in the laboratory made it imperative to determine the 
smallest number of samples whose mean could be relied upon to rep
resent the mean silt content of the entire cross section of the stream 
with a reasonable degree of accuracy. To determine such number, 
from 30 to 60 samples in verticals throughout cross sections at dif
ferent stages were taken at several gaging stations. In each, vertical 
samples were taken at regular intervb.:" from one tenth to one fifth 
the depth at the surface and as near the bottom as it was possible to 
use the sampler without disturbing the natural flow' conditions. 
Curves constructed by plotting percentages of silt by weight as 
abscissas and depths in feet as ordinates sllowed that a sample from 
six tenths the depth gave the mean percentage of silt in the vertical 
within limits of permissible error. 

Curves constructed by plotting the mean percentages of silt by 
weight in verticals as abscissas and the distances from the edge of 
water surface in a cross section as ordinates showed that the mean ('I 
the results obtained from the three tests made at the center of the 
section and at distances of one sixth the width from each edge of 
the stream, gave mean percentages for the cross section. Hemphill's 
.comments (8, p. 97~) with reference to this method were as follows: 
. The probable .error in this method is weli within the limit fixed by the degree 

()f accuracy which can be obtained in stream gagings at stations such as are 
ordinllrily found in Texas. 

In accordance. with the conclusions thus reached., sarrlJ;>les were 
taken daily at one sixth, one half, and five-sixths the WIdth and, 
when velocities were such that soundings could be made with a. 
15-pound weight, at siY- tenths of the depth in verticals. When 
velocities were too high for sounding with the light equipment, 
samples WAre taken at the surface and a factor was applied in order 

, . 
I 
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; 	 to arrive at the mean percentage of silt in the verticals. This factor 
was determined from the average ratio of the percentage of silt in 
surface samples to the mean percentages of silt in many· verticals. 
The average ratio in 134 verticals was found to be 0.908. A label 
is filled out and attached to each bottle as soon as the sample is taken, 
in order properly to identify the water samples in the laboratory. 

LABORATORY METHODS 

The laboratory work includes the determination of the percentage 
of dry silt by weight and in some instances the percentage of satu
rated silt by volume after '1 days' settlement in glass tubes. In deter
mining the percentage of dry 4 silt by weight the laboratory routine 
is as follows: First, from 20 to 40 (the number depending uJ?on the 
speed of the weigher), Whatman no. 2 filter papers, 24 centimeters 
in diameter, are folded three times (for convenience in weighing), 
dried in an automatic-electric oven at 110° C. for 1112 hours, cooled 
in a desiccator one-half hour, removed from the desiccator, weighed 
on the analytical balance to the nearest five-thousandths gram, and 
then placed in no. 16 ribbed glass funnels to receive the samples. 
The bottles containing the samples' are theu weighed on a torsion 
balance to the nearest one-tenth gram and, after the muddy water 
is poured on the filter they are weighed again in order to determine 
the net weight of the sample. Finally the filters containing the silt 
are dried in the atmosphere and then returned to the oven, dried 1% 
hours at 110° C., cooled in the desiccator one-half hour, and weighed 
on the analytical balance. Especial care is taken to keep the papers 
in the same order in the second weighing as they were in the first 
in order to minimize the error due to any difference in humidity 
during the two weighings. 

The dry weight of the paper and silt together, minus the dry 
weight of the paper, is the dry weight of the silt, which, divided 
by the net weight of the sample and multiplied by 100, gives the 
percentage of dry silt by weight. 

In many instances, when the samples contained large amounts 
of silt, one sample from each set was placed in a glass tube 40 inches 
in length and having a uniform inside diameter of three fourth 
inch and allowed to settle '1 days in order to determine the percentage 
of saturated silt by volume for that period. The volumetric samples 
were then passed through the regular routine of determining the 
percentage of silt by weight. 

Work sheets were used for convenience and uniformity in record
ing laboratory determina'tions. 

BED SILT 

Bed silt, by which is meant material rolled along the bottom of the 
stream by the action of flowing water, is a part of the silt load for 
which no practicable means of measurement has been devised, 
although much experimenting has been done with this end in view. 
Traps placed on stream beds probably alter the normal conditions 
of flow to the extent of making results thus obtained of littl~ value. 

• .. Dry" used In this connection In this report means. oven-drled in accordance with 
standard practice. 
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Estimates of the relation of the bed to the suspended load cover 
a. wide range ofvalues. By comparing Yuml1. and Topock silt rec
ords, Fortier and Blaney (4) estimated the bed load of Colorado 
River at Yuma as equivalent to 20 percent of the suspended load. 
Humphreys and Abbot (9) from a study of the movement of bars 
at the mouth of the Mississippi, estimated the bed load to be 11 
percent of the suspended load by volume. Follett (3) in connection 
with his study of Rio Grande believed it possible for the bed load 
to be 25 percent of the suspended load. By using silt traps in San 
Carlos River at Costa Rica, Davis arrived at th.e Eercentages 5.2, 1.7, 
and 7.1 for June, July, and August, respectively (2). 

Experiments made under clear-water conditions when the bottom 
of the stream could be observed were carried on in Guadalupe River 
at New Braunfels, Tex. The bed of the stream at this location is 
composed of material ranging from fine sand to coarse gravel, and 
the depths of water ranged from zero to the limit of wading at 
existing velocities. The apparatus consisted of a metal plate 24 
inches square with a shallow hopper 12 by 14 inches below and 
having a 10- by 12-inch opening in the plate, with the greater 
dimension parallel with the axis of the stream. With this device 
placed on the stream bed, the velocity of the water at the surface 
of the plate was determined with a current meter und observations 
of the behavior of bank-run sand and gravel released. at the up
stream edge of the plate were made (table 4). 

TABLE 4.-0b8ervat~Ym8 of the behavior of bank-run 8and and gravel at different 
velocitie8 

~ Depth oC Volocity Remarks
tlon n~. water oC flow 

---------------1-----------------------------------------
Fed per


Feet aecond 

1.05 2.65 Pebbles weighing 1.1 grams carried across 12·lnch opening. Heavier peb

bles whlch rolled In hopper were soon displaced. Sand. alter release, was 
carried altogether In suspension. 

2 1.50 2.53 Results same as tor no. 1. Medium sand In suspension; coarse sand was 
carried over hopper opening. 

3 1.30 1.64 Medinm sand In snspeuslon; coarse sand was carried over nopper opening. 
4 1.20 1.38 All fine sand was carried over hopper. 
5 1.05 .91 Fine sand was carried over hopper opening. 
6 .80 .68 Flue sand displaced from hopper by impact of pulsations or eddies of non

uniform velocity. 

On the bottom of the stream, where the velocity was 2.5 feet per 
second, the bed was in a state of stability, although handfuls of 
material containing fine sand could be picked up easily. The coarser 
material was able to withstand the velocity and prevented the dis
placement of the finer particles. The advance of the disturbed sand 
and gravel on the stream bed was not continuous nor uniform for a 
given stage. It was observeu that the heavier particles would stop 
advancing for a period, blocking other particles, and then advance 
again. It is obvious that trapping material rolling along the bottom 
and assuming It continuous and uniform advance for a gIven stage is 
likely to give results varying materially from the truth. 

181593-33-2 
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The results of these observations indicate that at and above a 
velocity of 1.64 feet per second sediment of the grades found at all 
sampling stations operated in connection with the Texas investiga
tions b\re held in suspension. Since bottom velocities during periods 
when silt is beillg transported in significant quantities are always in 
excess of 1.64 feet per second, the· writer believes that the bed loads, 
if any, at sampling stations under consideration are negligible within 
the limits of accuracy of stream gagings at the respectIve stations~ 
This belief is supported by inspection of the velocity and silt-per
centage curves 'Shown in figure 3. 

DISTRIBUTION· OF SILT THROUGHOUT STREAM CROSS SECTION 
AND RELATIONSHIP OF QUANTITY OF SILT TO VELOCITY 

:Many sets of special samples with the associated velocities were 
taken at a number of sampling sections for the purpose of determin
ing the relationship of velocity to silt percentages, the distribution of 
silt in verticals and cross sections, and the distribution of various 
sizes of particles from the water surface to as near the bottom of the 
stream as s!1.;mples could be obta~ned without disturbing the natural 
flow conditions. The record of a set of special samples taken from 
Brazos River at Rosenberg, April 16, 1929, given in tables 5 to 7, 
inclusive, and shown in figure 3, illustrates this part of the investi
gation. 

'J;'ABLE 5.-Distribution of .silt fn cross sectunL of Brazos River at Rosenberg, 
Apr. 16, 1929 1 

Percentages of silt by weight which passed and remained on sieves 
with specified number of meshes per inch. 

Depth SiltSta volumetion sample Velocity Passed Passed Passed Passed was after 7 Passed ITotal no. no. 65, no.loo, no. 150, no. 200,taken d~ys no. 40, Passed I siltl"1ltained retained retained retainedretained no. 300 conon no. on no. on no. on no. an no. 65 tent100 100 200 800 

- ----------- !_--'--
Feet per ! 

Feet second Percent Perce'lt Percent Percent Percent Percent Percent IPereen 
142 0 ----Tii- ----2:049- ----ii~002- ----ii~002- ----0:004- ----0:006- ----ii:009- ----ii:iiiiiir-jj:ii7"8 

3.7 4.71 2. 061 .006 .008 .013 .013 .023 .690j.753 
7.5 4.71 2.098 .010 .008 .017 .019 .0251.702.781 

205 11.2 4.61 2.034 .010 .014 .019 .020 .031 .706 .800 
15.0 4.04 1. 742 .024 .041 .055 .034 .037 .700 .891 
17.2 2.78. 2.294 .039 .085 .089 .037 .0391 .7U6 .995

1 . l'r:l ----T56- ----:riiiii- -----:002- -----;iiir -----:Oi9- -----:oi'7- -----:020- -----:ii83r--:758 
, 4.0 4.86 2.106 .006 .010 .018 .021 .031 .7]5 .801 

8;0 6.03 2.0c0 .010 .008 .017 .017 .023 .730 .805 
240 I 12.0 4.35 2.161 .012 .017 .023 .021 .027 . 691 •791 

.3.62 2.245 .025 .021 .027 . OTt .031 .712 .843I 16.018.9 3.42 1.964 •OTt .029 .038 .032 .036 .720 .882 

-----:006- -----:002- -----~OO6- -----:008- -----:iii4- -----:695- ----:73i(,,:g ----~ii:ii5- ---Tiw
4.3 5.64 1. 936 .010 .004 .008 .012 .017 .707.758 
8.5 4.91 2.013 .008 .010 .020 .020 .066 .695 .819 

280 12.8 4.51 2.028 .015 .012 .019 .021 .029 . ill2 .798 
17.0 4.n 2.194 .018 .012 .023 .023 .035 .711 .822 
20.2 3.32 2.314 .046 .029 .030 .032 . 038 .7Tt •902 

J '21.3 ---------- ---------- ---_ ...... _--- ---_ ... -----.-- .. --_ .. 
1 The width of the rlverat water surface was 395 feet, extending {rom station 142 to station 537. station 

,numbers ore distances In feet from Initial point marked on fnce of left bridge abutment. The. discharge 
was 31,000 second-feet. 

2 Stream-bed depth. 
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TAiiLE 5.-DiBtributwn of 8ilt in or088.8ectwn of BraZ08 River at Rosenberfl. 
,Apr. 16, 1929-Continued 

Percentages of silt by wei~ht whioh passed and remained on sieves 
with specified number of meshes per Inch 

Sta. Depth Silt 
thin sa:~le Velocity ~~l~7e Passed I Passed Passed IPassed Pa.'lSed Total 
no. tak6n days no 40 Ino. 65, no. 100, no. 150, no. 200, P!ISS3d silt 

retame'd retained retained. retained retained no. 300 con. ' 
0 on no. 65 O~&t O~Jft ,1 0'M0 ' °a&t tent 

--- Feetper ------.-----------·----1--
Feet aecond Percent Percent Percent Percent Percent Percent Percent Percent 

O. 2 6.50 1.898 0.004 0.002 0.004 0.004 O. G09 0.66g 0.691 

!
4.9 6.63 1. 907 .006 .004 .011 . 013 .021 •683 .738 
9.7 6.20 1.963 .010 .004 .008 .013 .023 .688 .74:6 

320 14.6 5.89 1.948 .013 .000 .013 .017 .025 .694 .768 
19.4 5.37 2.238 .015 .000 .017 .021 .027 .707 .793 
23. 2 4. 58 2.278 •031 .010 .015 .013 .019 .687 .775'24. 3 ._••• _______________________________________ ..__________________________________ -------

. 2 7.39 2.025 .004 .000{ .007 .009 .016 .649 .6811 
4.7 7.27 2.246 . 002 .002 .010 .011 .019 •675 .719 
9.4 7.27 2. 083 •004 .004 .011 .015 .023 .682 . 739 

360 14.1 6.79 1.607 .006 .006 .011 .019 .023 .692 .757 
18.8 6. 15 1.961 . 008 .006 .014 .014 . 022 . 683 .747 
22. 4 4. 86 2. 081 • 0171 • 006 • 014 . 021 . 021 . 690 .769 

.~: ~ -----nr ---T~~r -----:~f -----:88f -----:88f ----jif ----j}f ----']~f ---jg: 
10. 0 6. 56 1. 726 . 006 •000 • 008 . 010 •018 •671 •7111 

400 15.0 6.26 2. 135 .008 .004 .008 .012 .018 . 660 .710 
20.0 5.50 2.013 .000 .002 .010 .018 .029 .707 .772 
24.0 5.08 2.137 .000 .006 .014 .018 .022 .71.)3 .769 , 25. 0 ________________________________________________________________________________ -------

.2 6.36 2.041 .006 .004 .008 .014 .026 .702 .760 

j 
2. 5 6.56 2.028 .004 .004 .010 .012 .023 .6.<; .727 

• 4.9 5.99 2.123 .000 .006 .010 .014 .021 .678 .735 
44.0 7.4 5.51 1.988 .004 .004 .008 • 010 .021 •639 .686 

9.8 4.8" 2.085 .004 .004 .010 .014 .019 .673 .724 
11.3 4.50 2.085 .002 .002 .010 .010 .017 .666 .707\'12. 3 ______________________________________________________________________________________ __ 

480 { ____,~~ ~ J~_ ~~~~~~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~~~!~~ ~~~~~~~!!~ ~~~~~~~~~ ~~~~~!~~537 0 _____• __________________________________________________________________________ •_____ __ 

• Stream-bed depth. 

There is no evidence of any direct relationship between suspended 
load and the velocity of the water at the river stations under con
sideration. It is true that the higher the velocity the greater the 
carrying capacity but, since the capacity load is not even approxi
mately l'eachfld, the magnitude of the silt charge carried must be 
a function of loading and not of capacity to carry. 

The greater part of the silt load of a stream is made up in advance 
by the process of weathering. After a dry periou the first water 
that runs off picks up the weathered material and carries it into 
the stream. After the first flushing, run-off from the wet area must 
depend on erosion for its silt load, which is comparatively light, 
since the portion of a large drainage basin where excessive erosion 
takes place is small in comJ?arison with the entire area. 

All of the samples listed III table 5 were placed in glass tubes, each 
~2 inches long and having an inside diameter of three fourths inch. 
':-:~ftcr 'l days' settlement the heights of the silt columns were meU$
ured and the percentages of silt by volume calculated. The aVQrage 
l'atio of the percentage of silt by volume to the percentage by weight 
was found to be 2.659. The results are tabulated in the fourth 
column ·of table 5. 
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The'da:tR.shown in table 5 indicate that material .of dimensions 
largeeIiough to be retained .on the n.o. 65 .sieve was 5 present fr.om 
a depth -.of 0.2f.o.ot t.o the l.owest limit .of sampling-l f.o.otabove 
the stream bed. Generally the am.otmt -of this grade .of suspended 
material increased fr.om the suri&ce toward thebott.om. Theexcep
ti.ons.occurred in thedirectioll .of the right bank and were pr.obably 
,due t.o ascending currentsn.oticeable .at the water surface in swells 
similal'toth.ose appearing .on the .smface .of boiling liquid. As
the particles graded fr.om c.oarser -to finer, they were more unif.orm 
in their distributi.on in verticals. M.ore than 90 percent of the t.otal 

~-:amount .of suspended silt in the 44 samples listed consisted .of par
ticles small en.ough to pass the no~300 sieve. 

VELOCITY AND SILTaPERCENTAGE CURVES 
.' Figure 3 showsvel.ocities and silt percentages .of samples listed 

in table 5. The extensi.on of the curves fr.om the points .of the 
deepest .samples to the b.ott.om in each vertical are based .on the 
assumpti.on that they .are straight lines or fiat curves tangent to the 
defined curves at their lowest points. This assumpti.on may not be 
quite c.orrectj 'butany err.or in the final results is necessarily small, 
since the porti.on of the depth to which the extended part .of the 
eurveapplies is slight .in comparison with the total depth. 

The. direction .of the vel.ocity curves as established. by the tw.o 
l.ower p.oints indicates that the b.ott.om vel.ocity is highen.ough t.o 
keep in suspensi.on all material .of the grades existing at ;this sec
ti.on, a c.onclusion supp.orted by the silt curves. 

Considering the silt percentages and velocities existing at station 
205, the following data (table 6 ) are c.ompiled from the curves .of 
figur.e3. 

TABLE 6.-Diatrib-.LtiQnof Bilt content O/1u1, velocity of (tow in verti!calat station 
205, Brazos River at Rosenbe;{!, Apr. 16, 1929 1 

Silt content Velocity 

Depth nt which samples were taken 
Percent· Ratio to Feet per 'Ratio to age by dweight mean Becon mean 

-----------------------------------\--------------------.Surface_______________________________________• _________________ 0.68 
0.84 4.11 0.95 

.one tenth.__________________________________________________ .72 .8) 4.52 1.04'Two tenths ________"___ _____________________________________ .75 
.92 4.71 L09 

.Four tenthS____________________________________________.____ .78 
Tbree tenths___________________________.•______________________ • .77 

.95 4. 72 l.ll) 

Five teaths_____________. _____________________________________- .78 .96 4.71 1.09 
Six tenths___________________________________________________- .80 .96 4.68 1.08 

.9lI 4.61 1.07
Seven tenths_________________________________________________ .82 1.01 4.42 l.mEight tenths_____________~____________________________________ .8lI 

1.09 4.04 .\13
Nine tenthG___________________________________________________ .95 1.11 3.40 .79Bottom_______________________ ._______________________________ 1. 06 

1.31 1.D1 .41i 

l sut perot1ltages und velocities at surface, .0.2, 0.4, O.ll, and 0.8 the depth and within 1 foot of the bottom 
-were observed. The others are taken from the curve. 

The mean percentag~ of silt .as determined from the curve with a 
planimeter is 0.81 and the .observed mean (at 0.6 the aepth). is 0.80, 
making the ratio .of the latter t.o the iormer 0.99. 

• Al1sieye analyses were mllile wIth Tyler standard slev~s. 

http:figur.e3
http:suspensi.on
http:b.ott.om
http:porti.on
http:assumpti.on
http:assumpti.on
http:b.ott.om
http:extensi.on
http:distributi.on
http:thebott.om
http:0.2f.o.ot
http:SILTLOAD.oF
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Similar compilations of data shown for the stations referred to .' 
" in .figure 3 .are the bases for the summary given in table 7 .. 

TAJILE 7_-Belationof mean sUt content t08ilt content \:J8 ob8eroed at 0.6 ,depth, 

Brazos River at R08enberil, Apr. 16, 19!9 


Silt contmlt by weight 

Moon . Rntlo or 
estimated Observed observed Station 110. 

Crom at 0.6 to 'means 
curves I depth c: 

-------------------·-------------------1--------------
205_____________________________________________________________________ Percent Ptrcent 

0.81 0.80 0.99 
~---------------------------------------------------------------------______________________________________________________________________ .79 .98280 .81 

.80 1.00320________________________________________________________________: :~,
360____________________________________________________________________ _ .77 LUI 
400 ____________________________________________________________________ _ .74 .75 1.01 
440____________________________________________________________________ _ _73 .71 .97 
480___________________________________________________________ . ______ .71 .69 .97 

.68 .69 1.01 
Mean..__________________________________________________________ 

.76 .75 
r 

I Mean silt contmlt determined from graphs In fig. 3. 

Table 7 shows that the mean ratio of observed percentages of .silt 
by weight at 0.6 depth, to the mean perc~ntages by weiglit, is 0.99, 
indicating that samples from 0.6 depth in verticals give results well 
within the limits of permissible error for such work. 

The average ratio in 132 verticals at various gaging stations, of 
the percentage of silt by weight, in (1) surface samples and (2) 
samples from 0.6 depth, to the mean percentages of samples taken 

"r-T\__---
B,.,.-______ 

~ 

~121-t---'I;:::::::::: 


~i6H----"i;:;§ 
~ 

<::I2.4___j...::~~;;;:::~~~) 


~.LL----L----J----~---L----~~--~~---~--~ 
• Width (foe,) 


lI'lGl1l1li: 4.--CrOSB section. Brazos River, at Rosenberg, Apr. 16, 1929, showing lInes of 

equal 'Siltpercentnges bywelght and equal velocities In feet per second. (Solid lines 
represent J,lerc~ntnge of silt by -Wdght and dotted lines -velocity .infeet per se~ond.) 

at the surface, 0.2, 0.4, 0.6, 0.8 depth and as near the bottom as it 
was possible to sample without disturbing the stream bed, were 
0.908 and 0.999, respectively. 

The distributionoisilt in a cross section of .the Brazos River at 
Rosenberg, April 16, 1929, and its relation to velocities are shown 
graphically in figure 4. The unsymmetrical for.m.s of lines of equal 
silt percentages by weight and equal velocities in feet per ser.ond are 
due· to unbalanced cross section :and slight curvature of the river 
chan,nel in close proximity to the section. 
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. Analysis ·oftables 5. and 7 shows that the ratio of observed per .' 

centages of silt by :wei~ntat 0.6 depth to the mean percentage by 
weiglit in verticals haVIng depths varying from 3.4 '0025.0 feet is 
approximately unity. The. vertical curves of silt percentages in fig
ures :; and 6 snow that the same relationship exists in compara
tively deep water, being 1.00, 0.97) and 1.00 for depths of 41.5, 42.2, 
and 31.0 feet, respectively. . 

LO 

~ (
~ 
:::20 \ 
.~ 

30 \ 
s: 

<0 June l,!929R 

FIGURE 5.-Velocity Ilnd silt~percentage curves at station 210, Brazos Rlver, at Rosenberg,

May 31 and June 1, 1929. 


II.<In table 8 are listed samples, the vertical Sills(lIO!' c!lI>7?'J IlII ocurves of silt percentage of which are &llown 
in figures 5 and 6. The amount of coarser 
material generally shows an increase from the 

." surface toward the· bottom and the particles 
of sufficient fineness to pass the no. 300 sieve 
were very evenly distributed in the verticals. 

3 0 I 2 3 ..With the exception of the sample taken May V.I.cit~ (flet per ..condl 


:31 at a depth of 0.2 foot, material large enough FIGtmJ) 6.-Velocity and 

aUt-percentage curves,

to be retained on the no. 65 sieve was found Little Rl.ver, n ea r 
Little Rlver, at mldat all depths. stream, JtlDe 15, 1027. 

MEAN PERCENTAGE OF SILT, BY WEIGHT, IN CROSS SECTIONS 

Table 9 is a compilation of results of 17 samplin~ of flo.:.: 'water, 

nom 5to 8 verticals, in river cross sections, in which samples were 

taken at the surface, as near the bottom as practicable and at 0.2, 

Q.4:, 0.6, and 0.8 depth, respectively. The purpose of this table is to 

justify the use of the percentage of silt in samples from 0.6 depth 

.as the mean percentage in verticals and the mean of the percentages 

from 0.6 depth in verticals at one-sixth, one-half, and five-sixths 

width as the mean percentage in cross sections. Values in columns 

2, 3, and 4: are mean percentages of silt, in river cross sections,de

termined by using the mean of 6 samples from each of :; to 8 

verticals in .sections, the percentages in samples from 0.6 depth in 

each of :; to 8 verticals, and the percentages in samples from 0.6 

depth in verticals at one-sixth, one-half, and five-sixths width, 

respectively_ 


http:THESll.oT
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TABLE 8.-Di3tributiOn of nUt In comparatively deep verticals ·ana mech!mical 
analY8es 6; -8~materia' at varloWJ iW-pthB, 68 feet from left edge of 
l.oat6T', in Brrnos Ri'IJe,' at Ro8enber:g 

MAY 31, 1929, DEPTH 41.5 FEET, DISOHARGE 86,900 SEOO~'D·FEET 

Percentages o! silt by we4:ht which passed and remabed on 
sieves with specltled l1llDlber o! meshes per Inch 

Depth sample was taken Velocity Passed Passed Paesed Passed 
TotallIO. 40, no. 65, no. 100, ,no. 200, 1:'assed siltretained retained retained retained no.300 contenton no. 65 on no. 100 on nll.'200 on no. 300 

-----------1-------------------)----
Futper
aecond Percent Percml Perunt Percml Perun! Percent

0.2 fooL______________'-________ 3.93 0.000 0.004 0.005 0.010 0.579 .0.598 
8.3 feeL__••_________ •_____• __. 4.75 ,.OO! .022 .042 .028 .603 .699 
13.6 foot_______________________ 5.21 .010 .024 .028 .025 .604 .6111 
24.9 !eet___ • __ ._._.__...__...__ 5.64 .022 .024 .051 .014 .606 .711 
33.2 !eeL........_____..______ 5.36 .024 .028 .052 .036 .642 .182 

40.3 !eet.......__....._...__... 4. 45 .043 .065 .066 .043 .037 .8M 

41.5 !eet (hottom).._.._ ............._..__ .......__ ....____.. _.__..____....__......... _......... 

1 

JUNE 1, 1929, DEPTH 42.2 Ji'EET, DISOHARGE 88,000 SEOOND-FEET 

O.UooL_. ____........_..__..__ 3.36 0.016 0.036 0.034 0.032 0.445 0.5&3 
8.Hoot....._._....___.......... 4.87 .008 .015 .053 .034 .457 .567 
16.8 !eet __...__••••__....._..... 5.51 .017 .021 .037 .009 .447 .531 
25.2!eet.........._..__......... 5.79 .015 .012 .021 .034 .458 .540 
33.6 !eet...........__......._... 5.49 .028 .023 .043 .020 .465 .579 

41.0 feet....__•___............__ 3.47 .099 .059 .075 .015 .462 .710 

42.2 feet (botto\ll) ..........__.._ .......... _.._............_.._ ....____.. _.._....___.._............_••• 


TABLE 9.-Mean percentage of siZt bv weigM in cr088-sections of streams aa 
determinea in 8 ways ana probabZe errOl' resulting from 'Usmg secona and 
thiril metlwilB 

Mean percentage of silt in section Dilierence o! means In 
sections, using from 
5 to 8 verticals alii;! 11Using from 5 to 8 ver· US~3 verticalsticals in sections vertl in 


sections at 

River and river station Date ~,~,~ 


width,
Using UsingUsing using UsingYalue at value atmeans o! value at meanso!0.6 depth 0.6 depth6 samples 0.6 depth 6sampJestor mean !ormeanin vertical for mean in verticalin yertlcal in verticalIn vertical 

Brazos River: Percent Percent Percent Percent Percent 
Mineral Weils__..__•__ Mar. 17,1924 0.23 0.23 0.22 14.5 1-1.5 
Rosenburg___..__• ___• Mar. 22, 1924 .29 .29 .29 .0 .0
Waco___________......_ Allr. 27,1924 .84 .83 8" 12.4 11..2

Do_____________... May 1,1924 .99 1.00 1.f,l '2.0 11.0 
Do---------------l May I, 1925 2.34 2.34 2.'&6 '.8 '.8 
Do.________________ Sept. 16, 1925 1.39 1.42 1.44 , 3.4 '1.4
Do.__..__________ • Bept. 21,1925 . .77 .78 .78 '.L.2 .0Do_______..._____.. Sept. 16,1925 1.40 1.41 1.43 '2.0 '1.3 

.Rosenberg___ ._._______ June 29,1926 .90 .90 .91 '1.1 11.1Waco.._. ____________ • May 14,1927 .41 .40 .41 .0 1J.7 
Rosenberg.____ •__•__• June 17,1927 1.37 1.38 1.40 '2.1 '1.7
'Vaco._ • _____•__•••__.. June 15,1927 .23 .23 .23 .0 .0 

Do___ •••_____......: May 20,1928 1.26 1.28 1.30 '3.0 'L5 
Olen Rose..____•_______ Aug. 7,1928 .40 .40 .40 .0 .0
Rosenberg___ • ________ Apr. 16,1929 .76 .75 .75 11.3 .0Waco_____..__________ 

Sept. 13,1929 1.51 1.52 1.£5 '2.6 '1.9 
Three Rlvers.._____________ May 15,1928 .17 • J7 .17 .0 .0 

I Indicates decrease beloW' value o[ truemeoll. 
'Indicates increase above value o! tru~ mean. 

I, 
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, Th.e results given in column () indicate the probable error in mean 1/ 
perCentage of silt, in cross sections~ detennined by using the per
centage in samples from 0.6 depth for the mean in each of 5 to 8 
verticalS and those in column 7 indicate the probable error deter
mined by using the percentage in samples from 0.6 depth in verticals 
at one-sixth, one-half, and five-sixths width. These results indicate 
that percentages of silt in samples, from 0.6 depth in verticals and. 
atone-~h, on~-h.alf, I1n~ ~ve-sixth width ~iv~ mea;n percentage~ in 
crOss sections WIthin the liIlllts of accuracy outamed m stream gagmg 
at the respective stations. 

GRAPIDCAL COMPARISON OF DISCHARGE AND SILT PERCENTAGE 

',' Figures 7, 8, and 9 show graphically discharge in cubIc feet per 
second and silt percentage by weight of Brazos River near Mineral 
Wells, at Waco, and at Rosenberg, for the calendar year 1929. These 
figures show that the maximum silt percentage by weight usually 
occurs prior to the maximum stream discharge. When samples are 

:>\J 

~ • 

o! A. }\J~ I'U.. \... A 

II I I I &m I~I JI I 

FIGGRE 7.-DIscharge .In second-feet and percentage or silt by weIght, Brazos River, at 

?tI1neral Wells, duting )929. 

taken throughout a rise and fall in a stream, an increase is noticeable 
in silt percentage up to a certain discharge. A further increase in 
discharge is associated with a decrease in percentage of silt, due to 
dilution. As the water surface recedes during the falling stage the 
silt a percentage is again increased,due to the sliding of recently 
deposited silt into the stream from the sloping banks where trees 
and brush had retarded the velocity so that deposition resulted. In 
some streams this secondary increase in silt percentage is due largely 
to the caving of banks undercut by the current. 

The flood, the crest of which passed Rosenberg June 61 with a 
discharge of 123,000 second-feet, was made up of contributions re- • 
ceived below Waco from Little Brazos River, Little River, Navasota 
River, Yegua River, and other smaller streams. The decrease of 
percentage of silt by weight as the discharge increased is clearly 

181593-33-3 
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illustrated by the records of this :flood. The maximum silt percent
age was being transported May 28, when the discharge was 28,700 
second-feet. 

The :flood, the crest of which passed Rosenberg November 11, with 
a discharge of 46,200 second-feet, also originated below Waco. The 
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FIGUREJ B.-Discharge in second-feet and percentage of silt by weight, Brnzos River at 

Wnco, durIng 1929. 

",5
"b P<OIr. 1?3,OOO-.!un, (j 

~ 
~4 -
" :l' 

.\< 3 e 
'l>
1Z 
i,.;::. 
~I. 

1; 
cS 

oUt n 

)~ rJ\ 
~ I'...J 

~, 
'1 

Li"r 
\ n 
\U~~ \ ~\ 

~ 

IflGUllIIl D.-Discharge in second-feet and percentage of silt by weIght, Bmzos Rlv~r nt 
Rosenberg, during 1929. 

maximum silt percentage was carried November 10, when the dis
• charge was 34,600 second-feet. • 

Figures 7, 8, and 9 a.lso illustrate the fluctuating character of the 
stream flow which occurs in sharp rises of comparativelY short 
duration. ~ 
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MECHANICAL ANA(CYSES OF SUSPENDED SILT 

Mechanical analyses .of Toutine dru,y samples of. muddy water 
takeDj at various sampling stations ~ere made from. t§.me ~o ti1?e. 
The results of the analyses of some of the samples are listed ill table 
10~ Materia]', retained on the no. 60 sieve consisted 01 vegetable 
matter, shell or mica; that retained on sieves nos. 100, 160, and 200 
was composed largely of sand grains; and that passing the no, 200 
sieve was impalpable alluviuDl, having none of the sharp gritty f.eel 
to the fingers that is characteristic of sand. There.suits show that 
the m.aterial is extremely fine, since over 97 percent of the suspended 
load,'on an average, passed the nO. 300 sieve. 

TABLE lO.-Mechanica~ anal1f.~e8 of 81l8pendted loaa of muddy 'toafer from daily 
8ets of routine 8ample8 taken all 0.6 depth i1~ mid8tream 

DOUBLE MOUNTAIN FORK OF TJIE B!.tAZOS RIVER NEAR ASPERMON1' 

t 
11 Percentages oC silt by weight which psssed and remained on sie,es with 

specified number oC meshes per inch 

, l.fean ; 

Date 1Cischarge Passed IPassed IPassed IPas..<:ed 

I 
Pas..-ed
I (or day no. 40, no. 50, no. 100, no. 160, no. 200, Passed Total silt:I retained retained retained! retained I retained nO.300 content 

J on no. 60 ion, no. lOll on no. 160 on no. :!OOton no. 300 

-------+---.---,---------1------ 11

1928 ISec(}nd- t 
j

I 
reet Percent Percent Percwt Perc,'nt P'Icent Percent IPercent 

July 10_______________1 996 0.006 0.004 0.012 0.010 0.006 I. 282 1.32() 
July 14___• _______..._ 343 .009 .004 .004 .C02 .002 1.2201 1.241 
July 15______• ________ 162 .016 .012 .008 .004 .004 1.151 1.195 
Ang_5_______________ l,1SO ,018 .004 .008 .Ol; .025 1.462 1.5.34-
Aug. 8______________ 186 .032 .013 .002 .004 .005 .6031 .659 
_'s.ug.12______________ 279 .004 .002 .002 .011 .008 1.533, 1.500 
Ang.13. ___ ••_______ • 200 .008 .002 .006 .008 .009 1.534 1.567 
Aug. 15._____________ 85 .002 .004 .000 .007 .008 .712 ,i33 
Aug. 19_______________ 2, 030 .038 .O!O .027 .058 .134 3.131 304M20-----------'1 1700 .000 .000 .000 .000 .006 1.622 1.628Aug.Aug. 21______________ 2'12 .004 I .002 1 .004 .002 .006 1.324 1.342
Aug. 22_____________ 121 .002 .000 .002 .004 .007 ,538 .603 
AUI>.25___ .----__.___ 03 .000 .000 .000 .000 .001 .056 _057 

BRA.ZOS iUVER AT SEYMOUR 

I
AUg.H__________••__! 162 J 0.010 0.005 0.006 0.0081 0.014 2. 212 2.255Aug. 15______________ 282 .008 .004 .002 .004 .004 2.188 2. 21()
Aug. 16______________ -199 1 .012 .008 .002 .002 .004 2. 219 2.247 

.006 .002 .002 ,002 .006 2. !87 2.205i~: i~::::::::::::::1 .005 .002 .004 .002 ,020 2.222 2258Aug. 19______________ i4 .008 .002 .002 .002 .018 2.237 2.~69~I 
BRAZOS RIVER AT WACO 

Aug. 24, _____________1 
850 I 0.001 I 0.001 I 0.001 I O. 'om I 0. 004 1 O. liS I 0.187 

RELATIONSHIP BETWEEN PERCENTAGES OF SILT BY WEIGHT AND 
BY VOLUME .AFTER SETTLEMENT FOR 7 DAYS 

In order to arrive at the relationship between the percentage of 
silt by weight and the pel'centage by volume in individual samples 
after settlement for '{ days, many samples containing various charges: 
of suspended matter were placed in glass tubes 42 inches in 'length 
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with uniform insjde diameter of three fourthsineh. At the end 
of 7 days the percentage of silt by volume was determined from 
the depth of the silt column and the total depth of the sample when 
placed in the ·tube. After making the volumetric deter.mination the 
percentage of siU by weight wa-s determinecl in the us-aalinanner. 
Table 111s a summary of the results of these tests. 

TAIlLE n.-RelationShip 'between average silt percenta,ges by volume and weight, 
in samples of m1tdrJ,y 1cater from 'l)arfous rvvers ana SW/1LpUng stations 

_-\.verage silt- Ratio of
1___.-__1 volume 

Samples percellt-
River Lor.ality . I d age to 

II'>VO ve weight
Weight VI'lume l percent

age 
------------1--------'1---11--- ------
Brazos: Number Percent PercentClear Fork________________________ Eliasville______________ 23 0.36 1.16 3.2-1Salt Fork.. _________________________ Aspermont____________ 22 1.80 4. \10 2. i-I

Double Mountsin Fork___________ Aspermont____________ 211 1. i2 5.86 3.4-1 
seymour______________ 75 1.61 4.80 3.0-1 
Mineral Wells________ 217 .89 3.15 3.5-1 

1.00 3.26 3.3-1]3raz.~s___. ------------------------------ ~J~~o~~~::=:===::=::=: ~g .92 3.00 3.3-1 
\ Rosenberg____________ 168 . i6 2.56 3.4-1Little RiYer___________________________ Little River___________ 46 ,46 1.40 3.0-1Colorado of Texas _____________________ Tow__________________ 11 .68 1. i9 2.6-1Nueccs________________________________ Three Rivers__________ i .3i 1.50 4.0-1 

San OabrieL__________________________ Circleville_____________ 2 1.43 3.42 2.4-1San Antonio ___ -_______________________ Falls City________ 3~____ .40 1. 44 3.6-1
West Fork Trinity____________________ Ten Mile Bridge______ 4 • i9 2.11 2.7-1Rio Grande ___________________________ Boquillas_____________ 12 1.24 3.43 2.8-1Roma_________ ..______ 13 .73 2.12 2.9-1 

Total or tn-erage_________________ ________________________ 1,246 1. 07 3.52 3.3-1 

1 Percentage by volume arter 7 days in glass lubes. 

A total of 1,24:6 samples were tested both gravimetrically and 
volumetrically. In each instance the water column above the silt 
was clear within 1 hour after being placed in the tube, the rapid 
deposW.on of the silt being due to the action of salts in solution. The 
per~entage of silt by weight varied from 0.09 to 10.28, the percentage 
of SlIt by volume after '( days' seftleroent from 0.12 to 19.12, and the 
ratio of volume percentage to weight percentage from 1.1 to 7.7. 
The wide range of values of the ratio of volume percentage to weight 
percentage suggests the difficulty encountered in using silt analyses 
based on the volumetric method. 

SILT SURVEY OF MEDINA RESERVOIR 

The plans for the investigation included actual measurement of 
the volumes of silt in a number of reservoirs, but preliminary studies 
showed that conditions were satisfactory for such surveys at reason
able costs in only a few of them. 

'fo measure a silt deposit under the water surface it is important 
that a topographic map of the storage basin, as it was before any 
water was stored in it, with a small contour interval, be available, 
or, that the silt should have been. continually submerged since its 
deposition. A 15-pound window weight attached to a sounding line 
penetrated such a deposit and came to rest on the original ground 
surface. Grit brought up on the end of the weight indicated that· 

http:deposW.on
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the lower limit of the silt had been reached. T.his was checked by 
excavating to the bottom of silt in exposed deposits. After shrink
age due to exposure of the silt to the atmosphere occurs, the surface 
sets to such all eAi;ent that it may be the limit of penetration of the 
soundjng weight when submergence again takes place. 

-During September 1925 a survey of Medina Reser~i)ir was made 
for the purpose of determining the volume of silt after 13 years of 
actual service. This reservoir is located in Bandera and Medina 
Counties, about i55 -
miles northwest of 
San Antonio. T h B 

dam is a concrete 
st.ruL'ture with a grav

N 

ity section, across the 
Medina. River Can
yon, having a ma·n
mum height Clf 164 
feet. The storage ca
pacity at the eleva
tion of the spillway 
crest is 254,000 acre 5 

feet. The contribut
irlg area above the 
dam is 587 square 
miles G the larger part 

SCAU 

=; 
of which is brush
covered grazing land 
having a range in ele
vation above sea level 
of from 1,000 to 2,500 
fept. The average 
a. n n u a I rainfall is 
about 29 inches (~1). 

The map of Medina 
Resel'Yoir (fig. 10) 
shows roughly, 
among other features, 
the contours at the 
spillway crest-eleyu
tion 1,072-at ele\'a
tion 
river 

1,000, the old 
channel above 

Fl.lll'RE J.Q.-;Uedlnn 

elevation 1,000, and approximate distances from the dam in miles. 
The broken lines indicate the cross sections where soundings were 
made during the silt survey of 1.925. 

Silt depths were measured in eight sections between extreme 
ba.ckwater and the dam. Distances from initial points were meas
ured on a one thirty-second inch tinned airplane wire, marked at 
intervals of 100 feet, stretched from shore to shore where widths 
did not exceed 1,300' feet. For sections of ~'l'eater width, one end 
of the wire wasfast~ned on one shore and dIstances were measured 
by unwinding the wire from a hand reel and counting the markers. 

• MeDsured on Medina Vnlley Irrlgntlou Co. nnd U.S. Army topographic mnpR. 
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After sounding from one shore as far as the line permitted, it was 
,taken up and anchored at a point, previously tied in by triangula
tion, on the opposite shore. 
Th~ total.silt volume wru:; found to be 2,692 acre-feet, equivalent 

to a yearly average of 207 acre-feet or 0.35 acre-foot per square mile 
of drainag9 area per year. Volume-weight determinq,tiolls of sam
ples of deposited material indicated that the average weight of the 
dry m~terial per cubic foot of deposit approached 30 pounds. At 
this rate of accumulation it would require over 1,200 years, for the 
silt of the nature of that found at the tjme of the survey to occupy 
the entire storage capacity. 

Th(i; silt is gray in color except on the surface of the deposit, 
wh"re vegetable matter has colored it a bluish black. No grit can 
be detected in it with the fingers. The liquid mud is extremely fine, 
99.5 percmrt passing a no. 300 sieve. 

At and near the elevation of the spillway crest, in the main river 
channel at the upper end of the reservoir, there were some bars 
of sand and gravel but not in quantity sufficient to indicate that the 
reservoir had any influence on its deposition. 

In September 1930, owing to scarcity of rainfall and the increased 
demand for water on the irrigation project, the water surface in the 
reservoir reached a lower elevation than at any time since the initial 
filling. All water except that in the main river channel, e~i;ending 
from the dam to a point approximately 4: miles upstream, was 
drawn out. 

While the dep()sit was exposed to the sun and atmosphere, material 
consolidation took p.lace rapidly, as indicated by shrinkage cracks, 
subsidence of the sUl):face, and the growth of weeds upon it. In a 
depression near mile 5, the original surface of the soft silt was 
definitely located in the fork of a dead pecan tree left standing in 
the reservoir. The depth of the deposit had been reduced from 7.2 
to 2.7 feet. Since the soft deposit before being exposed contained 
about 30 pounds of dry material per cubic foot of mud, the corre
sponding value at the time this measurement was made approached 
80 pounds. 

From volume-weight determinations of many samples, made over 
a period of 5 years, and a careful and thorough inspection of the 
exposed deposits at low-water stages, the average dry weight per 
cubic foot of deposit following the period of exposure was estimated 
to be 63.6 pounds. Obviously, the 2,692 acre-feet of material meas
ured in the reservoir during September and October 1925 was re
duced in volume to 1,270 acre-feet by the end of ,1930, due to the 
shrinkage caused by exposure to the sun and atmosphere, the knead
ing and mixing resulting from floods scouring blocks of exposed 
consolidated silt from place, rolling them down the stream, and 
finally depositing them on the softer sediment at lower elevations, 
and the natural shrinkage which takes place in submerged deposits 
~o water is slowly liberated. 

There is no way of ascertaining just what the ultimate average 
dry weight per cubic foot of deposit will be, but it seems rational 
to expect that it will approximate 74 pounds. (See samples 7 and 
8, table 15.) There is a. slight probability that the average density; 
equivalent to that represented by samples 4 and 6, table 15, will exist 

.I 
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dllringthe useful life of a reservoir. However, for a reservoir, 
.having a prospective life of several centuries, as Medina Reservoir 

~' has, the lower value may be reached. 
The exposed silt was confined to the channel and depressions on 

the reservoir bottom. There was no silt on the hummocks on the 
large flat areas on ~G.ch side of the main channel although they had 
beet;! submer~ed hy water to depths of fro!?, 40 to ~Oo feet for long 
perIOds of tIme. On the other hand, all dspresslOns on the flats' 
contain silt. This condition is due to the movement of silt in thei 

'''form of liquid mud on the reservoir bottom. The mud, having D.. 
greater specific gravity than water, flows on extremely flat slopes. 
The silt settling on the precipitous slopes of the river chaIl¥lel flows 
immediately down them and then moves along the bottom of the 
channel until blocked by the dam. 

Streams that frequently overflow their banks du;:ing floods build 
up the adjacent banks, by the deposition of silt, to such an extent 
that there is a considerable slope away from the channel. When 
such topography exists in. a reservoir, all silt deposited on the side 
slopes flows obliquely away from the axis of the stream. Thisac
counts for the fact that main river channels in reservoirs retain 
their identity for a long period of time (19) although the volume 
of the annual silt deposit may exceed the original capacity of the 
channel within the reservoir. 

EFFECT OF A FLOOD ENTERING A RESERVOiR PARTLY FILLED WITH CLEAR 
WATER 

Heavy precipitation occurring April 20, 1926, on the Medina 
watershed produced run-off which raised the water surface of Me
dina Reservoir from elevation 1,034.3 feet on April 20 to 1,042.7 
feet at 3 p:m. on April 28. According to the storage capacity curve 
of the Medina Yalley Irrigation Co., the volume .between these ele
vations is 26,000 acre-feet. 

In order to get information relative to the behavior of muddy 
flood water entering a reservoir partially filled with clear water, 
inspections were made from a motor boat, starting from the dam, 
on April 23 and 29. On April 23, at a point 12.5 miles above the 
dam, water was running rapidly over a riffle, indicating that the 
upstream limit of slackwater had been reached. At this point the 
water had a light color. Owing to the difficulty of holding the 
boat in the swift current, only a single sample from near the bottom 
was taken in, this section. 

At mile 12, where the depth of water was 10 feet, samples were 
taken at the surface, at one half and three fourths depth, and at the 
bottom. At all other points of sampling, samples were taken at the 
surface, one fourth, one half, and three fourths depth, and at the 
bottom. At mile 9%, where the depth of water was 26 feet, all of 
the samples were light gray in color. At mile 7, where the depth 
of water was 54: feet, mud on the weight indicated that the samplmg 
equipment disturbed the soft mud on the bottom. This accounts 
for the increased percentage of silt in the bottom sample and silt 
washed from the equipment as the bottom sample was being raised 
probably increased the percentage in the sample from three fourths 
depth. All of the samples were light gray in color but an increased 

~. 
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intensity of color in samples from the surface to the bottom was 
apparent... . 

At mile 5, where the depth of water was 64 feet~ the samples from 
the surface and one fourth depth showed no signs of color, but. tbose 
£rom one half and three fourths depth and the bottom had the 
characteristic light color. At mile 3.5, where the depth of water 
was 89 feet, the samples from the surface and one fourth depth were 
clear but the other three were light gray in color. Samples taken 
at mile 2.75, where the depth of water was 90 feet, were clear from 
the. surface· to the bottom. 

On April 29, samples from a verticaJ. at mile '[ showed less color 
than those taken in the same section April 23. At miles 5 ll.nd 3.5, 
the water appeared to be clear on the surface although samples 
from below were slightly colored. Samples f:-om mile 2.75 were 
clear from surface to the bottom. A large area, of the water surface 
from mile 2 to mile 7 was covered with vegetable matter consisting 
of bark, leaves, and decayed wood, moved about by the wind and 
carrying grains of sand picked up in turbulent water before enter
ing the reservoir. In lowering the sampling equipment through 
this drift some of the sand load was displaced and taken into the 
water samples from below. 

Upon examination of these samples it became obvious that the 
bulk of the silt entering the reservoir in snspension had settled 
previous to the taking of samples on April 23, as only a small part 
of the extremely fine material remained in suspension. The color 
was noticed in the samples after standing 2 weeks. The percentages 
of silt in these samples by weight are given in table 12. 

TABLE 12.-Percentaoe by 1(jeioht Of silt in samples from Medina Reservoir on 
B days in Aprn 1926 

SAMPLES TAKEN APRIL 23 

l'ortioD of drf~~Dsample was Mile 12H Mile 12 Mile 9~~ Mile 7 Mile 5 Mile 3H MIle 214 

---------1--- ------------------
Percent Percent Percent Percent Percent PercentSurface_____________________________.._____ 0.030 0.021 	 0.000 0.002 o 

.022 .004 .002 o~ ~~gtg::::::::::::::::::::::: :::::::::: -----:032- .021 .013 .019 .026 
~ depth_________________________________• .032 .027 '.038 .'011 .018 
ll·ottom_________________________ 0.026 .028 	 .018.029 ' •.062 .022 

SAMPLES TAKEN APRIL 29 

0.012 o 0.018 0.003 
o .013 .004 o 
o .008 .004 .008 
'.020 .013 .007 o 
.002 .007 '.026 '.020 

1 Bottom disturbed by sampling equipment. 

Muddy water entering a reservoir partly filled with clear water 
does not mix with the clear but forces it down the reservoir toward 
the dam. This process has been definitely illustrated by samples 
from stations in the Brazos River drainage. Following long periods 
of drought, the first water coming downstream due to a floo.d origi
nating on the upper portion of the watershed is notioeably free from ,l 
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,., 	 silt, ~ing the dear wa~er f<?rced fro~ pools by the ,heavier ~uddy 
warer. No suspended sIlt WIll be carrIed through the reserVOIr and 
over the spillway, therefore, until all of the clear water has been 
discharged. 

NATURE OF SILT IN MEDINA REsERvom 
.< The storage capacity of Medina Reservoir at elevation 1,072 feet, 
that of the spillway crest, is 254,000 acre-feet. The 1,072 contour 
extends up the Medina River 16 miles irom the dam. It was raported 
that no water had passed over the spillway since 1919. Early in 
May 1929. the water surface had subsided to elevation 997 feet, the , 
lowest stage since the first filling. This stage is 30.5 feet above the . 
invert of the outlet conduit. and tha available water supply in storage 
was 22,000 ac,:e-feet or less than one eleventh of the total capacity. 
Backwater is estimated to have extended to the mouth of Cypress 
Creek, about 8 miles above the dam. The subsidence of the water 
surface exposed a considerable area of the silt whi~h' had been 
deposited at higher stages. . 

Rains on the watershed of the reservoir,·1tfay 12 and 13, caused a 
flood which had practically subsided by May 15 but had raised the 
water surface to elevation 1,003 feet by adding 7,563 acre-feet of 
water to the available stored water supply. This combination of 
conditions offered a good opportunity to secure information of value 
and May 15 and 16 were spent making an investigation of silt condi
tions in the reservoir. 

The information particularly desired was as to the behavior of 
silt-laden inflow, scouring of silt deposits, mechanical composition of 
deposits, and volume-weight of the material. 

HERAnOR OF INFLGW 

With the water surface at elevation 997 feet before the rise the 
extreme backwater point is estimated to have been about 8 miles 
above the dam, near the mouth of Cypress Creek. After the rise the 
water surface stood at elevation 1,003 feet and the extreme backwater 
point was one fourth !nile above Cypress Creek, or approximately 
8* miles from the dam. 

The first floating drift was noted 5%, miles above the dam and 2:Jh 
miles below the extreme backwater. The 211z-mile movement of drift 
toward the dam was probably due to the current set up by the flood 
water in the narrow sections of the reservoir at the existing eleva
tion of the water surface. Muddy water at the surface was noted 
at mile 7%, or one half !nile below extreme backwater. The inflow, 
which had dropped to 75 second-feet, was very muddy, due to erosion 
of the silt beds by high-velocity flow, for a distance of approximately 
600 feet immediately upstream from the backwater point (pI. 1, A). 

The section shown in plate 1, A, is submerged about 6-7 feet when 
the surface of the water in the reservoir is at the elevatiol, of the 
crest of the spillway. As the water lowered, the silt lnid down at 
higher stages was exposed and the surface dried and cracked in 
blocks. The flood of May 13 to 14, 1929, scoured off these blocks 
and part of the deposit below them. The part of the deposit re
maining was very soft, indicating that the consolidation due to 
exposure and drying did not extend to a great depth in the deposit. 
The trees shown were killed by previous submergence. 

lS1593-83--4 
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'To trace the coUrse of the mud~y inflow, sets'of samples and 
simultaneous velocities were taken fr,iim. the surface to the bottom .~ 

. '. 	 in. verticals at three sections. The first of these verticals, was' the 
middle of the channel, about .100 feet downstream from· the last 
ripple of the inflow, where the depth was 4:.0 feet. The results given 

IL 	 in table 13 sh.ow a nearly normal 'distribution of velocity and a very 
even distribution of silt from the surface to the bottom. 

TABLE l1J.-Sample8 fr01lt Medina Re8ervoir taken at point of inflow ana at 
mouth of Cypre8s Creek, May 15, 1929 

SAMPLES TAKEN AT POINT OF INFLOW 

Depth at 
which V I't S'I' bsample e oc! y 1: y.
was of water weight 

taken 

Feet per
Fcet second Percent 

• 	 0.1 1. 32 	 0.785 
1.1 1.35 • SSO 
2.1 1.32 .875 
3.1 1.23 .895 

14.0 

1 Bottom. 

SAMPLES TAKEN AT THE MOUTH OF OYPRESS OREEK 

0.1 0.2!) 0.019 
1.7 .22 .079 
2.7 .40 .066 
3.7 .44 .095 
4.7 .68 . )06 
5.7 .72 .320 

16.6 

1 Bottom. 

The second of these verticals was the middle of the channel at the 
'j'. 

mouth of Cypress Creek,' about 14. mile downstream from the point~ , of inflow, where the depth of water was 6.6 feet. The velocities 
increased from the surface toward the bottom. The samples taken 
in this vertical show a fairly uniform increase of percentage of silt 
with the increase in depth, indicating the settling of the silt toward 
the bottom as the mean velocities are reduced. The results are also 
given in table 13. The sampling equipment disturbed the deposited 
material, which probably accounts for the increased percentage of 
silt in the sample from the de~th of 5.7 feet. 

The third vertical was in the old river channel at mile 7, where 
the depth of water was 17.7 feet. So far as could be· detected by 
eye or the current meter, there was no mo'Vement of the water in 
the entire depth. It is possible, however, that near the bottom 
the silty water was flowing but at too low a velocity to be detected 
with the meter. The percentage of silt by weight in the samples 
taken at depths of 12.8, 15.8, and 16.8 feet were 0.004, 0.019, and 
0.155, respectively. To a depth of abou.t 12 feet the water was free 
from silt and below that depth the percentage was insignificant 
except in the sample taken at 16.8 feet in which the silt obser'Ved was 
probably due to disturbing the deposited mud with the equipment. 
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Dnexanrining the map of the reservoir, it will he noted .that with 
the waters;uriace near elevation 1,000 fe,et, the greater part 01 the, 
lakeahove mile 7 is .confined to the channel of the rjver which is; 
~so narrow that the crest . of .the floodprohahly caused -velocities for
some distancehelow the mouth of Cypress Creek. This accounts for; 
the muddy water at the 'surface one fourth mile below the point. or 
inflow. Thedistrihution of silt in the verticals seems,however, to 
support the supposition that the silt load of inflowing water soon 
settles to the bottom of the reservoir in the form or liquid mud .and 
then flows into depressions or down the valley until blocked by
the dam. . 

SCOURING OF DEPOSITS 

Where the water surface in a reservoir fluctuates .as it does wheu 
water is drawn out for irrigation, the general average weight of the 
silt deposit will depend largely on the shrinkage which takes place 
in ,exposed deposits and the mixture of fine and coarse material, 
which m&y he produced hy the scouring action of inflow when the 
water surface is low. The scouring effect of the small flood in Medina 
Resp,rvoir 'can he seen in plate 1,.A. At the point shown, as the wate~ 
surface lowered, the deposits in the channel dried out to a depth esti
mated at 12 inches or more. When the flood came down, this hard
ened, cracked surface .layer and part of the soft but tenacious deposit 
underneath were scoured off and carried downstream. The depth. 
·of the scour could not he determined hut in some places it probably 
ex<:eeded.2 feet, since soundings in this part of the old channel in 1925 
showed depths of mud from 2.5 to 2.8 feet, which at .that time was 
under approximately 30 feet of water. 

An interesting form of silt was found in the bar shown in t~i.e 
foreground of plate 1, A, and .a near view in plate 1, B.The sur£a~',e 
of the silt deposit ups(;ream in the old river channel, on being exposed 
to the atmosphere for some time, had dried and cracked into blocks, 
the cracks ranging in width up to 4 inches and probably exceeding 
12 inches in depth. During the flood stage of the river, the hardened 
blocks were torn from the softer material below and were rolled 
downstream by the force of the current. The abrasion and wearing 
of the blocks as they rolled along the hottom reduced them to the 
cobble form shown in plate 1, B. The continuation of the flooel for 
a longer period, subjecting the cohbles to further abrasion, would 
have resulteel in complete disintegration. 

In plate 1, 0, an attempt was made to show the dip of the surface 
o{the deposit. It is believed to indicate that while the surface of the 

• deposit dried out and cracked to depths of from 12 to 18 inches,the 
material underneath remained soft enough to he squeezed out when 
the weight of the :flood water was aclcledancl the channel removed its 
latera~ support. Trees in the background protected this portion of 
the deposit from the scouring -velocities. 

:f>late2, A, shows a narrow strip of dried deposit which escaped 
the scouring action of the flood owing to the protection of the trees 
and indentations in the bank of the river channel. Had the flood 
been of greater magnitueleo!' longer duration the remainder of the 
deposit would have been carried down stream . 

.Plate 2, 13, shows au old silt deposit in Medina Reservoir 7% mi1es 
~abov.e the dam. Wave action prior to the flood of May 13 to 14,1929, 
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is believed to have .been responsi.ble for the erosion of the deposit in 
the manner s]iown. 

Plate ,2, 0, isa near view of the deposit shown in B. The width 
of the cracks gives some idea of the shrinkage which takes place 
when fine silt .dries out. .Note also the breaking down of the surface 
into .small .blocks. 

The data are not sufficient to warrant an estimate of the volume 

of .siltpicked up and moved dowll'3tream by the flood, lJUt there is no 

doubt that it was considerable. The inflow of l.fay 15 appeared to 

be loaded to capacity. 


Examination of the deposits indicated that drying and consoli

dation 'of a deposit more than .a foot below the surface takes place 

very slowly if below the ground-water surface. The deposit or bar 

shown in plate 1, A, was very soft. A shovel handle could be pushed 

into it to a depth of 18 inches with little effort and only the portion 

covered with th(, cobbleliko material would support a man's weight. 


The conditions found indicate that, .in selecting a volume-weight 

factor for silt deposits in reservoirs, any allowances made on the 

basis of probably shrinkage and consolidation of the deposit should 

be small unless the deposit is exposed at intervals to the sun and 

atmosphere. 


MEOHANIOAL COMPOSITION OF SILT 

On the trip up the reservoir samples of deposited silt were taken 
from the bottom of the old river channel for the purpose of deter
mining the mechanical composition and the relation of weight to 
volume. Sample no. 1 was taken 300 feet above the dam, no. 2 at 
mile 31;2, and no. 3 at mile 7. These samples were taken in a 1-pound 
size coffee can attached to a 15-pound window weight, raised and 
lowered by means of a small rope. The weight was sufficient to bury 
the can in the soft deposit and permit a full-can sample to .be taken. 
These samples consisted of liquid mud in which no grit could be 
detected with the fingers. 

Sample no. 5 was taken at the point of inflow, one fourth mile 
a.bove the mouth of Cypress Creek, from the bar shown in plate 1, A. 
The dried, cracked top layer of the original deposit had been scoured 
off .by the flood and the sample was taken from the remaining soft 
silt by forcing a coffee can into it a few inches .below its surface and 
about 1 foot above the water surface. The softness of the deposit 
indicat.ed that, on exposure, dehydration and shriPlmge of the deposit 
takes place very slowly. 

On testing these four samples with sieyes it was found that in 
each case the entire sample,' with the exception of a trace of sand, \ 
shell, and vegetable matter, passed a sieve haying 300 meshes to the 
inch. The only coarser material found was coarse sand which was 
noticed on the surface of the lower end of the bar from which sam
ple no. 5 was taken. This sand was insignificant in quantity and 
was evidently brought down by the flood of the preceding day. 

VOLUME-WEIGHT OF DEPORITS 

In order to determine the relation between the volume and weight 
of the deposited silt a numberoy samples were taken. Samples 1, 
2, .and 3, already noted, consisted of liquid mud taken from the .. 

http:indicat.ed
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bottom, under water from 17 to 40 feet in depth. Sample no. 4 
was one of the silt cobbles shown in plate 1, B, taken from the 
lower end of the bar, immediately above backwat{lr. After being 
dried in the oven this sample was broken open, disclosing a very 
dense structure free from cracks and cavities. It is believed that 
the very dense structure and consequent high ratio of weight to 
volume was due to compacting caused by rolling of the cobble in 
a plastic state, along the bed of the channel. 

Sample no. 5 was taken in the same location as sample no. 4. A 
hole was dug in the deposit and a coffee can tapped into the side of 
the excavation, a few inches below tbe surface of the mud and at 
ali estimated depth of 2 feet below the original surface of the deposit, 
before scouring had taken place. It therefore represents the lower 
portion of a deposit which has been exposed and subjected to shrink
age from partial drying. 

Sample no. 6 was a l-inch cube cut from the. surface of the deposit 
shown in plate 1, C, and was taken to represent the surface of a 
deposit after a long period of exposure to the atmosphere and the 
resulting contraction. On breaking this sample open after clrying 
in the oven, it was found to be very dense and free from cavities. 
This dense structure was confined to the upper 21;2 inQhes of the 
undisturbed blocks of silt and is probably due to being k-neaded, 
while in a plastic state, by the flood water. 

Sample no. 1 was cut in the form of a cube from 2 to 3 inches 
below the surface of the deposit shown in plate 2, C. This deposit 
was on the right bank of the old river channel at mile 7 and ha(l 
been exposed for a sufficient length of time to show pronounced 
shrinkage. The sample showed a few small cracks on the surface 
and many small irregular cavities throughout its interior. 

Sample no. 8 was also taken at mile 1, about 500 feet from the 
right bank of the old river channel on a wide flood plain. The de
posit in this location was at an elevation from 10 to 15 feet above 
that from which sample no. 7 was taken. This material also had 
been exposed for a long time and showed characteristic shrinkage. 
The sample contained fine cracks and small cavities. 

Two months elapsed .before time was available for determining 
the volwne-weight relations of these samples. On opening the cans 
containing samples nos. 1, 2, and 3, which consisted of liquid mud 
dipped from the bottom of the reservoir, it was found that some 
settlement had taken place, as evidenced by free water on the sur
face of the mud. This is thought to be due to the liberation of 
water held in the mud by virtue of its structure, along the inner 
surface of the cans at a greater rate than it would be liberated from 
natural deposits under several feet of water. The free water was 
siphoned off and the remaining mud was used in determining the 
volume-weight ratio. By this procedure, the weights obtained for 
these particular samplfr:J 'are higher than those existing in the undis
turbed deposits of the same age. . 

A sample taken October 7, 1925, at mile 7, from under 50 feet of 
water, originally weighe(l 80.75 pounds per cubic foot and the 
weight or tihe dry material per cubic foot of deposit was 30.72 
pounds. Another sample taken April 29, 1926, from under 53 feet 
of water in the same section, origmally weighed 81.51 pounds per 
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cubic foot and the dry material per cubic foot of deposit weighed 
29.86 pounds. The original determinations of the weights of these 
.samples were made soon after the samples were taken and before 
free water appeal;ed at the surface. 

A summary of the results of the volume·weight determinations is 
given in table 14. It will be observed that the dry weight per cubic 
foot of deposit varies from 36.1 to 106.1 pounds. 

TABLE 14.-0rigina,Z weight, percentage at dr1l silt OY1C:eight, and 10eight of dry 
material per Cltoic foot of deposit of samples taken froll~ Medina Reservoir 
d1tTinu May 1929 

I 
Weight of dry slitIOriginal 

I
:~~:t l-p-e-rce-n-t·-'--pe-r-cu-b-iCSample DO. 

ageD! Ift!00 0 original .Dot D.T 
deposit weight deposlt 

---------------------f·--------
Pounth Percent Pound.. 

1......................................................................... SO. 553 44.817 36.101 
2........................................................................_ 88.936 50.632 45.030 
3 __ ............................................................._ .••••••_ 88.262 52629 46.451 
4..............................__.......................................... 138.749 76.500 100.143 
5 __ ......................_••••.••••••____................................. 92.601 53.175 49.240 
6__...................................................................... .i ____ .. ____... ______________ .. __________ .. ____... ______ .. _.. ______________., _..... ___ __ 
8____... ____ ... ________________________..____.. .., ___ ... _______ ... -------------------i 

117.569 
105.203 
108.676 

77.947 
69.322 
68.493 

91.641 
72.928 
74.435 

SILT IN LAKE WORTH 

Lake Worth is formed by an earthen dam with a concrete spillway 
section across the West Fork of Trinity River about 5 miles north.· 
west of Fort Worth. No topographic surveys from 'which the origi
nal capacity could have been determined were made prior to the 
filling of the reservoir.. Estimates made since the storage of water 
r.ange from 42,000 (7) to 47,177 (19) acre-feeL 

The drainage area includes 1,870 squ.are nUles. (5), the most of 
which is classified as rolling. Approximately one third of the area 
is cultivated farm land and the other two thirds, timber and grass
land. The watershed receives an annual rainfall of 32 Or 33 inches 
(~1). 

In April 1925, owing to the regular watE'r demand of the city of 
Fort Worth and the lack of precipitation on the drainage area, the 
water surface was drawn down to an elevation 4.5 feet below spillway 
cre~t. This was reported ro have been the lowest stage since the 
reservoir was first filled, 11 years before. The receding water sur· 
face left large areas of silt exposed and afforded an opportunity to 
examine the silt deposited under reservoir conditions. 

The sketch map of Lake Worth (fig. 11) shows the original flow 
line at the elevation of spillway crest, highway bridges, and other 
features, for the purpose of illustratu.,g locations of observations. 

At the time of the survey water was in the old channel below Ten 
.Mile Bridge. A narrow arm of shallo\!' backwaterextendecl along 
the south side of Todd Island for a distance (;'~~al to three fourths 
its length. Water between the lower end of Todd Island and Eagle 
Club was connned to the old channel, except in two large coves on 
the I.lorth side. Greer Island was completely surrounded by water 
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but the water was so shallow that it was with difficulty that a trip 
with a small boat of slight draft was made around the island. Below 
Greer Island the channel was submerged by water. 

A· l~..;inch octagon wooden rod marked in feet and tenths of a 
foot· was used to measure depths of exposed silt deposits which were 
sufficiently solidified at the surface to support the weight of a man. 
This rod could be pushed through the silt to the original ground 
surface with little effort. On the soft areas it was necessary to esti
mate the silt depths by observing the exposed parts of fence posts in 
the silted areas. A.t the edge of the reservoir, where no silt had been 
deposited, the tops of posts avera.ged 5 feet above the ground sur
face, while in the 
deposits only a few 
inches were exposed 
or they were entirely 
covered. 

The silt deposit at 
Todd Island ranged 
in depths from °at w+ 
the edge to a maxi

s mum of 5 feet which 
was probably in the 
channel of the small 
creek coming in from 
the northwest. Meas
ured mud depths be
tween this island and 
Eagle Club ranged 
from 1 foot to 5 feet, 
the average of 15 
soundings being 3.4 
feet. Depths of mud 
around Greer Island 
ranged from 3 to 5.8 
feet, the average of t 0 I
16 soundings being FXGUUE n.-Lake Worth, Wcst Fork of TrInity River. 
4.4 feet. 

From Fund Spring down to the dam soundings were made in 20 
sections from a boat. The silt depths varied from zero to 5 feet. 
Soundings in the old river channel showed the deposit to mnge 
from 3.9 to 5 feet in depth. 

The volume of silt as estimated from these soundings was 10,890 
acre-feet, or an average annual accumulation of 1,000 acre-feet over 
a ,period alightly less than 11 years. Three years later, in 1928, 
T. U. Taylor made a silt survey of the lake at a stage which per
mitted sounding from a boat over the greater part of the area. He 
found the accUlliulation of silt to be 13,83'7 acre-feet (19). 

The silt deposit one third mile south of the Eagle Club house 
on the west side of the river channel was 4.8 feet in depth and was 
so soft in places that it would not bear a man's weight. 

Two narrow sections (fig. 11), one between Todd and Greer 
Islands and the other in the vicinity of the Nine Mile Bridge, prac
ticallydivide the reservoir into three distinct basins. These act as 
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retarding basins (19), offering protection to the dam in case of 
floods which might otherwise overtax the spillway capacity. They 
are also effective as settling basins. Observations made during the 
silt survey of 1925 indicated that 100 percent silting had taken 
place in parts of the upper basin above Todd Island and was being 
approached in parts of the middle basin back 'of Greer Island. 
Small floods drop practically all of the suspended material in the 
upper basin, increased inflow carries part of its suspended load 
into the middle basin, and larger floods do not drop all of the sus
pended matt-er until the lower basin is reached. 

RESERVOIR EFFECTIVE AS SILT TRAP 

For the purpose of determining the relative portion of the sus
pended silt load deposited in the reservoir, samples of the inflow 
at Ten :l\file Bridge and of the outflow over the crest of the spillway 
were taken during a period of several months whenever the inflow 
was of sufficient volume and turbidity to warrant the study. The 
results for June and July 1928 include maximum silt load for the 
inflow and are offered in table 15 as the best illustration of the 
relationship found. 

T.ABLE 15.-Percentoge of silt by 1ceight in sa'mples of 'wuter taken at Tel~ :lfilo 
Bridge (mil Ol~ t1w crest of tile spilhou.1/ of Lake Worth ill/ring Juno alld 
J111y 1928 

Slit by weight 	 Silt by weight 

Date 	 DateAt Ten Over 	 At Ten I 9ver Dls

:\\ 	
Dis·spillway

Bridge crest Drldgo crest 
~.\\ 	 MUe charge 1(6) :r.~tle spIllway charge I (6) 

Percent. Percult &cond·fut Perettlt Percent Second-futJune 1.________._ 0.000 • ___• _____ ;ruly 1._••___._._ 0.119 0.00938 	 2, 190June 2_________.••____•••__________•• ;ruly 2__•_____••__ .131 .000i8 	 2,860June 3_____ •_____ -----..- __ •_____•__ _ July 3._______•••~ .117 .014256 	 3,140
June 4. ___••_._____ ._...... _. __._•••• D13 July 4.._•.••••_._ .1I0 .011 2,440June D_________. _ __ ._.•_._••_____ ••_. 972 July 5_.•••_••_.__ .065 .011 982June 6___________________ ._ 0.018 July 6_. _____•••__ .022 .11051,390 	 399June 7. ______________. __._. _______ •• July 7._.__.______ •02JJ .0081,72JJ 	 2JJ2;rune 8___________ .204 _._.__... 	 1,61iO ;ruly 8__• _______• ___• ___• __• .002 156 

I, IlO 110June 9____ .______ .251 .1J04 July 9__••_._••______•._••_ •C'JI 
;rune 10_______.__ 1.310 •.••_. ____ 999 July 10.__._••••__ ._.__••_.. .008 78;rune Il_________________.__ .010 

972 ;ruly 11_.__._._... .275 .011 80;rune 12.______________.____ .013 July 12.____ ._.__• .272 .000664 256 
;rune 13._________ .305 .012 972 13.0._....... • 158 .1105 437;ruly;ruly 14____.______ __________ .003Juno 14__________ _370 _012 1,170 318
June ID__________ .344 .000 1,52JJ ;ruly 15._•••••_... .058 .000 214 
June 16__________ .240 .021 	 1,950 ;ruly 16.___._••••_ .024 .004 
;rune 17__________ _~94 _OOD ;ruly 17____ •___••_ .002 ,008 133 

2,330 	 94;ruly 18____• __••________•••• .013June 18__________ .128 • 02JJ 	 2,960 70July 10___••___• ___._._.____ .004;rune 19__________ .131 .013 	 3,100 38 
June 2JJ__________ .101 .016 	 2,360 July 26.___..__._. _.._______.....___. 22
;rune 21__________ .066 _________ _ July 21____ •__.•____•_____._ .000

999 July 22.__________ __________ .004 14 
June 22__________ .040 .012 450 	 12;ruly 23.__• ____• ________•••_ .008June 23__________ .1112 .000 287 	 22
June 24__________ __________ .008 ;ruly 24___. __._••• _.__.____ .000214 	 54June 25__________ •________• .000 144 July 25_._••.•••___••__._.__ .000 202JIlJlIJ 26__________ __________ _005 July 26_________._ .055 .008612 	 418 
June 27__________ .297 .008 	 1,260 ;ruly 27.__.._____• .596 .1105 664July 28_____•____• ____• __.__ .010Juno 28__________ .508 .007 	 1,300 1,140June 29_________• .457 .000 	 1,42JJ ;ruly 29._.__•__.__ .265 .007 l,62JJ 

1,780 1,880;rune 30._______._ • :>85 .011 July 30______••___ .162 .000 
July 31.________•• .178 .003 2, 02JJ 

1 'Dischargo for period, Il4,300 acre-Ceet. 
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Records of the flow at Ten Mile Bridge are not available, but 
r~cords of the discharge over the spillway for June and July 1928 
shmv that the total discharge during those 2 months was 114,300 acre
feet (6), which is 3.4 times the capacity of the reservoir in July of. 
the same Yf(lar, as determined by Taylor (19). 

There aTE. no data from which the time interval for flow between 
Ten Mile B'ridO'e and the dam can be estimated with accuracy but 
a comparison of the percentages of silt by weight at the two sections 
indicates that the reservoir is very effective as a silt trap. Assuming 

'that the water entering the reservoir June 10, with a silt charge of 
1.31 percent by weight, Ijassed the spillway June 16, with a load 
of 0.021 percent by weight, the portion of the load which was depos
ited within the storage basin wns 98.4 percent of the silt which en
tered the reservoil' in suspension. it is probable thnt the silt which 
passed the spillway June 16 was of local origin from side drainage 
immediately above the dam~ in 'which case the effectiveness of the 
reservoir as a silt trap was in excess of 98.4 percent. 

CHARACTER OF SILT IN LAKE WORTH 

On April 26, 1929, samples of deposited silt were taken at eleya
tions abo'~e the spillway crest, from the bottom of Lake 'Vorth in 
yarious sections throughout its length, and from the river channel 
near Ten Mile Bridge. for the purpose of determining the character, 
the volume-weight relation, and the Yal'iation in mechanical com
position of the deposit from the dam to backwater. 
. The samples were taken in deep water from a boat. A coffee can 
fastened to a 15-pound window weight, lo,vered and raised by means 
of a small rope, was used to take the samples. The silt was so soft 
that the weight carried the can to the bottom of the deposit, allowing 
a full-can sample to be taken. 

Reference to figure 11 will aiel in locating the points at which 
samples were taken. Sample no. 1 was taken in the middle of 
the reservoir about one fourth mile above the dam, in what was 
thought to be the old chan.nel of the rivel', from under water between 
30 and 40 feet in depth. This sample contained 18.7 pounds of dry 
material per cubic foot of deposit. On the basis of 2.65 for the 
specific gravity of the dry material, water occupied 88.59 percent 
of the space and the absolute voids were 88.66 percent, which indi
cates that the material was colloidal in character and or flocculent 
structure. 

Sample no. 2 was taken from the reservoir bottom, in the old 
river channel about 1 mile south of the Mosque. The sample con
tained 21.7 pounds of dry material per cubic foot of deposit. As
suming the specific gravity of the dry material to be 2.65, water 
occupied 86.30 percent of the space and the absolute voids were 86.87 
percent which indicates that the material had colloidal characteris
tic~ ~nd a structure combirung honeycpmb and flocculent charac
terIstIcs. 

Sal~ple no. 3 was taken from the bottom of the reservoir, in the 
old rIver channel, 100 feet above Nine Mile Bridge and about 43,4 
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miles above the dam. This sample contained 22.6 pounds of dry 
material per cubic foot of deposit. Assuming the specific gravity 
of the dry material to be 2.65, water occupied 84.48 percent of the 
space and the absolute voids were 86.31 percent, which indicates that 

;, the material had colloidal characteristics and a structure combining 
honeycomb and flocculent characteristics. The difference in the 

:; space occupied by water and the absolute voids was due to gas in 
; ,-:,.-::-> the soft mud. 

Sample no. 4 was taken in 6 feet of water, 500 feet north of Greer. 
Island and approximately 6 miles above the dam. It contained 
29.4 pounds of dry material per cubic foot of deposit. Assuming 
the specific gravity of the dry material to be 2.65, water occupied 
79.82 percent of the space and the absolute voids were 82.16 percent, 
which indicates a slightly colloidal characteristic and a honeycomb 
structure. 

These samples felt creamy and not the slightest indication of grit 
could be detected with the fingers. A thin layer at the surface of f' 

the deposit had a very dark, almost black, color, which was assumed 
to be due to coloring by decaying vegetable matter. This material 
at the ,surface of the deposit was slightly condensed and had the 
consistency and "feel" of freshly clotted cream, but the material 
under the surface skin showed no signs of compacting. 

Samples nos. 5, 6, and 7 were taken from a deposit under 8 inches 
of water in the first narrow section below Todd Island and about 
8 miles above the dam. This deposit had been exposed to the atmos
phere during lower stages of the water surface aud shrinkage, re
sulting in cracking of the surface to depths of 12 or more inches 
had taken place. Later, floods had again raised the water level and 
submerged the deposit, and fresh silthad filled the cracks and formed 
a layer from 1 to 2 inches in thickness over the old dried surface. 
The difference between the consistencies of the old and new deposits 
made it possible for the hand to detect the contraction cracks. They 
were about 2 inches in width and the hand could be inserted to a 
depth of 12 inches, the indications being that they were considerably 
deeper. The new deposit was so soft that it was almost liquid but 
the old deposit was plastic and showed contraction to the extent 
of the detected cracks. The surface of the old deposit was fairly 
firm a,nd tough but was less dense as the depth increased. 

Sample no. 5 was taken by forcing a coffee can into the deposit. 
digging it out with a shovel and shearing the silt off at the plane 
of the top, making the volume of the same equal to the capacity 
of the container. Water was permitted to escape from the can as 
it was being forced into the deposit, through a small nail hole in 
the bottom. This sample contained 45.3 pounds of dry material 
per cubic foot of deposit. Assuming the specific gravity of the dry 
material to be 2.65, water occupied 72.59 percent of the space and 
the absolute voids were 72.59 percent, showing that it was thoroughly 
saturated and contained no ·gas pockets. As a check, sample no. 6 
was taken at the same location. An attempt was made to cut a 
cube of the silt but owing to irregular seams, this could not be 
ac..:omplished and an irregular-shaped piece was broken out of a 
block of the deposit and its volume determined immediately, in a 
rather rough way, by the displacement of water. This sample indi
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cated a weight of 47.2 pounds of dry material per cubic foot of 
deposit as compared with 45.3 for sample no. 5. 
o Sample no. 7 was taken at the same location with the object of 
comparing the, weight of the surface layer of the old deposit with 
the weight of the material taken from a few inches under the surface, 
indicated by sample no. 5. A lid of a coffee can was forced into 
the deposit and a sample of the surface about one half inch thick 
obtained. This sample contained 53.9 pounds of dry material per 
cubic foot of deposit, which indicates a considerably greater density 
at the surface of the deposit than a few inches deeper. 

Sample no. 8 waS taken from the main channel of the river at Ten 
Mile Bridge, which is about 9% miles above the dam. There was 
little or no velocity at this point and the sample, which contained 
33.4 pounds of dry material per cubic foot of deposit, was made up 
almost entirely of fine silt similar to that in the main reservoir, 
though an occasional trace of grit could be detected with the fingers. 
Assuming the specific gravity of dry material to be 2.65, water 
occupied 70.95 percent of the space and the absolute voids were 7.9.75 
percent, which indicates the presence of gas or air. 

Sample no. 9 was taken about 250 feet below Ten Mile Bridge, on 
the left bank of the main channel. The bank had been built up with 
silt deposited during overflow and sloped away from the channel to 
a low, swampy area 150 feet from the stream. Through this ridge 
a small drainage ditch, about 3 feet deep anel 18 inches wide, had 
been dug. The side of the ditch was cleaned off and a can forced 
laterally into the material at an elevation estimated to be 3 or 4 feet 
above spillway crest. When the can had been forced in flush with 
the face of the excavation it was dug out, and the excess material at 
the top was shaved off level with the top of the can. To the feel, this 
materIal appeared to consist of fine sand. It contained 99.2 pounds 
of dry material per cubic foot of deposit. On the basis of 2.65 for 
the specific gravity of the dry material, water occupied 31.711)ercent 
of the space and the absolute voids were 39.93 percent, which indi
cated air space. 

It was desirable to procure a sample of the sand, which might be 
carried into the reservoir during high floods, from the bed of the 
stream; but at low stages the velOCIty is so slight that the bea is 
covered by very fine silt like that illustrated by sample no. 8. As an 
extreme example of the coarse bed material immediately above the 
reservoir, a sand bar in the bed of Walnut Creek (a tributary of the 
West Fork of Trinity River) 3 miles above 'l'en Mile Bridge, was 
selected. Sample no. 10 was taken by forcing a can into the side of 
this bar about 2 feet below the surface and about 1 foot above the 
water surface in the creek. This sample contained 93.5 pounds of 
dry material per cubic foot of deposit. The specific gravity of this 
material in It dry state was found to be 2.658. Water occupied 32.83 
percent of the space and the absolute voids were 43.53 percent, indi
cating the presence of air. 

Table 16 is a summary of the results of the volum~-weight deter
minations. The specific gravities of samples nos. 3 and 10 were 
2.639 and 2.658, respectively-values within the normttl range of 
those found in other t.ests of silt. 'X'he proportion of vegetable 
matter in sample no. 3 was found by ignition to be 4.7 percent 
by weight. 
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TABLE 16.-Results of -VOlume-weight deterni4na.tions of samples ot sm ac-posits 
from Lake Worth '/lear Fort Worth, taken Aprn 26, 1929 

I Original I Weight of Original Welghtot 
weight.ol Dry silt by dry silt weightol Dry silt by dry silt 

Sample no. deposl; weight per cubic Sample no. deposit per cubicweightper cul'.c loot ol per cubic loot otI
Coot deposit Coot deposit 

L ____________ Pounde Percent Pounth 6_____________ Pound. Percent Pound. 
2_____________ 73.882 25.327 18.712 7_____________ 93.144 50.671 47.195 

75.413 28.732 21.667 94.357 57.166 53.9343_____________ 8_____________
75.202 30.M2 22.592 77. 625 43.062 33.4269..___________ 

~------------- 79.143 ! • ____• ___ 37.]91 29.434 1]8. 9]] 83.386 99.1555..__...______ 10.__90.567 50.066 45.343 114.315 81.828 93.5«1 

Portions of samples nos. 1, 2, 3, 4, 5, 9, and 10, representing the 
several locations from which samples were taken, were tested with 
sieves to determine the mechanical composition. The results of the 
sieve analyses are given in table 17. 

TABLE 17.-Mccllanical a.lIalysis of samples of silt from Lake Worth near Fort 
Worth, taken .Apr. 26, 1929 

Proportion of silt by weight passing and retained on sieves with specified
number DC mesbes per incb 

Sample 

Passin" IPassing
no. Passing Passing Passing Passing

Retained 10, reo 20, reo 35, re- 65. re- 100, re- 200, reo Passing
on]O tnined tnined Inlned tnfned tained talned 300 

on 20 on 35 cn65 On 100 on 200 on 300 

Percent Percent Percent Percent Percern Percent Percent Percent 
1 0 0 0 0 0 0 100.00 
2 0 0 0 0 0 0 100.00t:l3 0 0 0 0 0 0 100.00 
4. 0 0 0 0 0 0 100.00(Il
5 0 0 0 0 0 0 (I 100.00 
9 0 0 0 .66 ]0.91 71.21 6.98 10.23 

10 0 3.78 14.92 65.70 12.42 2.83 .17 .18 

1 Sample was tested first with the 300 sieve. With the exception of a trace of organic matter. tbe entire 
sample passed the sie\'e. 

To get additional information as to whether the bulk of the silt 
load is carried in suspension to the dums of large reservoirs or 
whether it settles soon after entering the slack water and, in the 
form of soft mud, flows along the slope of the reservoir bottom until 
blocked by the dam, additional tests were made to determine the 
rate of settling of the material taken from Lake Worth. Portions 
of the samples from different locations were placed in glass tubes 
three fourths of an inch in diameter and 40 inches in length. Since 
Lake. 'Vorth water was not available for these tests, water from 
routine daily samples of Brazos River stations} believed to contain 
the same kind of salt as Lake Worth water as they are from similar 
and adjacent watersheds, was added and, a.fter the contents had 
been thoroughly agitated, the tubes were placed in a rack and the 
rate of settlement was observed. Readings were made at intervals 
ranging from I) minutes to 48 hours. In each instance, the water 
column above the column of silt was clear within 1 hour. 

http:weight.ol
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. . The rates. of shrinkage or settling of the columns of silt after 
the first hour are given in table ·18. 

TABLE lS.-Shrinkage of silt coZu.m1i8.througlwut "I-daV period 

Shrinkage as percentage of 7-day total for sample no.-

Period· 
2 3 4 5 8 I 9 10 

I hour•••• ,,__•....•...••••••••••••~•• 
2 hours••••••••••••••.••...•_•••••••• 

8.2 
56.9 

19.5 
47.3 

17.5 
50.2 

34.8 
66.3 

23.4 
41.7 

20.2 
41.9 

100.0 
100.0 

99.6 
99.6 

4 hours•••••••_•••••._.•••.•.••....•.• 73.9 71.3 75.1 78.9 74.7 66.8 100.0 100.0 
10 hours••••••.•••.•••_••••._.•.•_.__. 80.6 78.0 82.2 84.9 83.3 81.7 100.0 100.0 
1 day••••••••••_•••.•••_...••..••._•. 85.6 84. 6 87.9 90.5 89.8 89.1 100.0 100.0 
3 dBys ••••••••••.__._.•.•_••_._••.••. 93.6 94.1 95.1 96. 9 96.6 96.1 100.0 100.0 
Ii days•••••••••••.•..•••....•...••••• 99.1 99.2 99.1 99.4 99.4 99.5 100.0 100.0 
7 days....................__....•.•_. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

It was not possible to cover minutely the entire area near the head 
of tlie reservoir, but the inspection was sufficient to indicate that 
comparatively little coarse material had been deposited in the reser
voir proper and that such coarse material as has been transported 
down the river has been deposited in the delta within a mile of the· 
head of the lake. Even in this area the greater part of the deposit 
seemed to be fine material deposited from water which at high stages 
backed into sloughs or flowed slowly through old channels. Con
sidering the entire reservoir, the inspection at the head and the 
results of the mechanical analyses of the samples from various loca
rions lead to the conclusion that by far the greater part of the 
present deposit is made up of very fine silt, and that coarse material 
in the deposit occurs only in limited areas near the head of the 
reservoir. There was no material of sufficient size or weight in the 
delta area to suggest that it had been rolled along the bed of the 
stream, but all material observed was such that ordinary river 
velocities would carry it in suspension. 

The rapid clearing of the water above the silt columns in the 
tubes when tests were made to determine the rate of settling indi
cates that little silt is carried in suspension to such distant points 
in the reservoir as those at which samples nos. 1 and 2 were taken, 
and it is believed that the bulk of the deposit in the lower end of 
the reservoir reached its location by flowing along the bottom in the 
form of liquid·mud. As stated, Brazos River water was used in 
preparing the tube samples for rate of settlement tests. It is possi
ble, but not probable, that it differed enough from Trinity River 
water in chemicals in solution to affect the rate of settlement. The 
possibility is not borne out by observations of samples of muddy 
water taken at Ten Mile Bridge in which the rate of settlement was 
found to be comparable to that of the samples with which Brazos 
River water was used. . 

LAKE KEMP • 

Lake Kemp, located about 10 miles north of Seymour, is formed 
by a hydraulic-fill dam 100 feet high, closing a portion of the wide, 
'eroded valley of Big Wichita River. The dam was completed late 
in 1923 and storage of water was practically started at the time of 
completion, although sufficient water had been .held to float the 
dredge during the construction period . 

• 
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The drainage area . of 1,990.square miles 1 is mostly grazing land 
cGvered with a sparse growth of mesquite and native grass. The 
steeper. slopes show considerable erosion. . 

No topographic surveys of the reservoir site were made. Esti
mates of the capacity range from 550,000 to 640,000 acre-feet. A 
traverse around the storage basin. on contour elevation 1,152 feet, 
or 2 feet above the spillway crest, includes 22,827 acreS. Within the 
traverse, high land of unknown area rises above elevation 1,152 feet 
forming islands at high stages of storage. In November 1924 the 
water surface had been drawn down between 3 and 4 feet below the 
maximum stage that had been reached. In a depression near the 
upper end of the reservoir, an exposed silt deposit, 1.5 feet thick 
in the lowest part of the invert and feathering out to nothing towiird 
the top of the sloping bank, was examined. The deposit was broken 
by shrinkage cracks up to 2 inches wide into blocks from 8 to 12 
inches square. A sample cut from one of these blocks originally 
weighed 120.14 pounds per cubic foot and had a dry weight per 
cubic foot of deposit of 88.77 pounds .. 

Measurements of silt depths were made in several sections between 
extreme backwater and the dam during November 1925, while the 
water surface in the lake stood at elevation 1,138 feet, 12 feet lower 

. than the spillway crest. In all of the sections, zero silt depths were 
found on the tops of hummocks under different depths of water. In 
the river channni from the upper end of the lake toward the dam, 
the silt depths were 4.0, 3.2, 2.5, and 6.4 feet in different sections. 
A depth of 11.3 feet was found immediately above the dam in a 
bOrrow pit which had been excavated below the level of the river 
channel bottom. Apparently, the silt settled soon after entering 
the slack water of the lake and in the form of liquid mud flowed 
from higher to lower elevations on the reservoir bottom, finally reach
ing the borrow pit at the dam where the maximum depth of the 
deposit was found. 

The average surface slope of the soft silt deposit in the river chan
nel was 1.34.feet per mile ever a distance of 4.33 miles above the 
dam. This slope, forming an angle with the horizontal of less thaJ;l 
1/, indicates an angle of repose for such material approaching 00 

Due to inability to sound sections :in the upper third of the reser
voir at a reasonabll;} cost (owing to the fact that thick brush had 
been left standing there and to . lack of knowledge of the original 
topography of the reservoir bottom) no estimate of the volume of 
silt was attempted. . : 

A sample of the silt dipped from the bottom about 300 feet abov:e 
the dam, November 21, 1925, weighed 84.88 pounds per cubic foot 
in its original condition and the dry weight per cubic foot of depOs~t 
was 37.05 pounds. Three determinations of the specific gra,vity 
of this silt in a 'dry state gave 2.687, 2.633, and 2.656, the average 
being 2.6586. Based on the average of these three determinations, 
the space. occupied by water was 76.76 percent and tl)e absolute voids 
amounted to 77:63 per~ent. . . . 

A sample, from the same location taken November 13, 193Q 
weighed 84.38 pounds per cubic foot in its orignal condition and 

, f" , , •• 

7 Measured on U.S. Geological Survey m~p· of Texas; Bcale 1 to 500,000. . • \ 

• 
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theiiry matarial ~eighea '35.94, pounds per cubic foot of ,deposit. 
lJasedon a specific gravity of2~6586 for the dry material, the space 
:Occupied by water was-77.74 percent ,and the .absolute voids were 
78;30 percent. 

Water is ~jischarged from the reservoir through a battery of con
crete pipes with inverts at or below the elevation of the bed of 
the river. The control gates are located about midway of the length 
of the conduits, allowing the upstream half of the pipes to be exposed 
to ~hepressure at all times. The liquid mud flows into the pipes 
lmtil blocked 'by t.he,gates .. On openmg the gates, the first rush of 
water carries a heavJ'T 'load of silt and after discharging all mud 
within easy reach of the conduits, the discharge becomes clear. 
Water discharged from the reservoir flows down the river channel 
.several miles and then is diverted into canals of the irrigation system. 

The general .arrangement is ideal for the removal of deposited 
material .as the greater part of the silt.is deposited on the wide, flat 
areas within the reservoir site, which usually are. lower than the 
old channel banks. If drainage channels were constructed from these 
flats into the old river channel and all the vegetation and other 
obstructions were cleared from the reservoir battom, a large volume 
of the deposited silt would flow into the main channel and finally 
reach the conduits where it would be discharged with the irrigation 
water. 

SILT IN THE OLD RESERVOIR AT CISCO 

The first reservoir constructed by the city of Cisco is located on 
a small creek 1 mile northwest of the business district. The original 
earthen dam was completed in 1889. Due to leakage through a 
lignite vein near the east end of this dam, a second dam was con
structed of earth 450 feet upstream in 1902. In 1910 the second dam 
failed and the break was allowed to remain open until 1916 when 
the dam was l'ebuilt.8 

The drainage area consists of soil wen mixed with gravel and sand 
and offers considerable resistance to erosion and weathering. About 
60 percent of the area has been cultivated but part ox the cultivated 
area has reverted to pasture or grassland. In Julj 1927, a survey 
was made in connection with this reservoir and the drainage area was 
,estimated to be 0.69 square mile, the original capacity 55 !tcre-feet, 
and the silt deposit 4.9 acre-feet. 

Assuming that none of the silt deposited during the period 1889
1910 was carried from the reservoir during the 6 years when the 
break remained open and that all of the silt brought down during 
the 6 years passed through the basin, the 4.9 acre-feet of deposit 
would be the accumulation of 32 years, with a yearly rate of 0.22 
acre-foot per square mile of drainage area. 

Owing to the limited drainage area and the comparatively light 
Tainfall, this reservoir l1as been :practically dry for long periods dur
ing which the exposed silt deposIt was subjected to enormous shrink
ag~. At the time of th~ survey only two small pools of. water 
eXIsted and the exposed SlIt was hard and dry. It was estImated 
that 75 percent of the deposited material weighed approximately 

GData obtained in I!. personal interview with 1. M. Wll1iamson, mayor of Cisco. 
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~',85pounds per cubic .foot of dry silt, 'and the' ,dry material per cubic 
. 	:foot :of deposit in the 25' percent submerged by water weighed 42 

pounds,giving'anaverage of 74 pounds of dry material per cubic 
foot of deposit. . 

Had this deposit been continually submerged by water shrinkage 
would have been slight, the dry material per cubic foot of deposit 
would have .appr.oached 30 pounds, and the silt volume would have 
been 12.08 acre-feet or practically 0.55 acre-foot per square mile of 
.drainage area per year. 

THE AUSTIN RESERVOIR ON THE COLORADO RIVER OF TEXAS AT 
AUSTIN . 

The Austin Dam .across the Colorado River of Texas, about 3 miles 
upstream from the business section of Austin, was constructed by the 
city, primarily for the creation of head to operate a hydroelectric 

St.u.l 0,. ...us 
I t' 	 \ i i 

FIGURE 12.-Austin reservoir, Colorado River of Texas. 

plant. Run-off records were not available at the time of construction 
but from measurements made during March 1890 it was assumed that 
the minimum flow was 1,000second-ieet (17). 

The original dam (16), completed in 1893, was a masonry structure 
of overflow type with spillway section 1,091 feet in length ootween 
bulkheads. The spillway crest was at elevation 489 feet, sea-level 
datum, and the stream bed elevation was 423 feet. 

Contour line 400 crosses the river channel 12 miles downstream and 
contour 500 crosses it 21.5 miles upstream :from the dam (19). The 
77 feet of fall in 21.5 miles represent an average fall of slightly less 
than 3.6 feet per mile through the storage basin. The average width 
of the basin at the elevation of the spillway crest,as determined 
from 15 cross sections, over a distance of 18.9 miles above the dam, is 
807 feet (17). The maximum and minimum widths ar.e given as 
1,300 and 460 feet, respectively. The original capacity of the reser
voir at the elevation of the spillway crest was 49,300 acre-feet (19). 
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F.igure 12 shows the limited width of the yalley in which the reservoir 
is located. 

The drainage area .above the dam is 38,200 square miles (5), a part 
of which is noncontributing.~ A.pproximately 13 percent of the 
drainage area was cultivated in 1930, the remainder being pasture 
and timber land. 

The annual rain:f'lll varies from 15 inches at the hefidwaters of the 
drainage basin to 33 inches at Austin (21). The average for the 
entire area above Austin is about 21 inches. 

The discharge of the Colorado River of Texas at Austin has been 
carefully measured by the water resources branch of the United 
States Geological Survey from February 15, 1898, to the present 
time. Table 19 is a tabulation of the maximum mean daily discharge 
in second-feet and the run-oii in acre-feet by water years (October 1 
to the following September 30, inclusive), covering a 32-year period. 
The average annual discharge for this period is 1,827,000 acre-feet, 
equiValent to a yolume of more than 37 times the original capacity 
of the reservoir. 

TABLE 19.-Disc1U1.rue of fM ColQraao River of Tew.J8 at Austin, Oct. 1, 1898, 
to Sept. SO, 1930 

Discharge 	 DischargeI 

Water year 	 Water year

:r.raximum Total [or I 	 Maximum Total for 
mean daily year 	 mean daily year 

--------1 
Stcond-fut Acre-feet 	 Sfcond-fe<t Acre-feet

1898-99.•__••_________ .•____ 91,800 1,380,000 1915-16_____________________ 28,200 874,000
lS9!f-I90(L_. ______ ._________ 145,000 	 1916-17 ___ ._._______________ 9,750 42i,OOO4,050,0001900-1901. ______• ___._______ 28, 700 1,0,0,000 1917-18.____________________ 38,400 627,000 
1901-2______________________ 35,900 1,310,000 1918-19_____________________ 64,700 b, 030, 000 
1902-3_____________________ 33,;00 1,;10,000 1919-20._.__________________ 44,600 .:1,500,000 
1903-4____________________ 31,500 1,420,000 1920-21.____________________ 50,200 1,030,000 
1904-5______________________ 52,900 1,460,000 1921-22____________________ 103,000 3,500,000 
1905-£______________________ 78,500 2,040,000 1922-23_____________________ 47,500 1,590,0001906-7 ____________ ._________ 28,;00 	 1923-24.____._______________ 48,000 2,370,000833,0001907-8_______ ••--___________ 100,000 	 1921-25 ___ • _____ •__________~ 27,100 1,090,000 

1925-26 _____ ._______________ 29,800 2, 100,000~460,(0) 
1,020,000i~(I:::::=:::::::::::::: ~: l~ 905,000 	 1926-21-____________________ 26,600 1,340,000

1910-11. ____________._._____ 27,400 	 1927-28__ ._.________________ 36,100 1,620.0001,290,0001911-12 __________________ .__ 17,400 636,000 1928-29_____________________ 96,400 1,350,000
1912-13 _____ ._______________ 40,300 1,100,000 1929-30_____________________ 30,700 1,190,000 
1913-14____________________ 141,000 5,450,000 1----1--
1914-15_____________________ 84,000 2, 1BO. 000 52,600 1,827,000 

On April 7, 1900, a section of the dam about 500 feet in length 
failed by sliding. The depth of water on the crest at the time of 
the failure was 11.07 feet, the discharge being estimated as 151,000 
second-feet (5). The peak discharge at the gaging station 3 miles 
downstream was estimated as 236,000 second-feet. 

After the failure of the original dam several investigations and 
reports were made and plans for reconstruction were prepared, but 
it was not until September 1911 that a franchise was granted for 
the rehabilitation of the dam and power plant. . 

The plans for the new part of the dam called for a concrete sec
tion of hollow type with crest at elevation 480 feet, 01'9 feet lower 
than the crest of the old dam. They also included gates 14 feet in 
height on the crest of the concrete section and 5 feet in height on 
the crest of the old masonry section in order to maintain the water 

, F> 
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surface at elevation 494 feet. The work under these plans was com
, ple.ted early in 1915, and stored water"reached the crest of the old 

structure February 16, 1915, for the first time since the failure ·of 
the original dam (12). The city re:fp.sed acceptance on the ground 
of alleged defects and the dam and power plant have never been 
used. 

Soon after: the original plant was placed in service it was found 
that the actual minimum fJp·· of the river at Austin fell consider
ably short of the estimate~ -'"illimum of 1,000 second-feet, the basis 
upqn which the project was designed. Measurements made in 1899 
showeii conclusively that the mirumum was less than 200 second-feet 
(17) . The actual minimum flow of record occurred August 18, 1918, 
with'a discharge of 13 second-feet, which included the flow of sprinRs 
between the dam and the bridge at Congress A venue, Austin (5J • 

..The silting of this reservoir has been closely observed, and several 
sUrveys for the determination of the volume of deposited material 
have been made by Taylor (18) since the completion of the original 
dam.. From May 1893 to January 1900 there was an accumulation 
of 23,559 acre-feet of deposited material. From the time of com ple
tion of the new concrete section in the summer of 1913 to August 
1922 there was an accumulation of 26,663 acre-feet (19); from Au
gust 1922 to August 1924, the accumulation was 2,465 acre-feet; and 
from August 1924 to August 1926 the accumulation was 1,424 acre
feet. Table 20 shows the rate of accumulation per year. 

TABLE 20.-Ra·t(3 of aCC1tm1tlatiOl~ of silt in the reservoir at Austin 

IAccumulation oCPeriod silt 

-----------------------.--------------------: 
For PFrom To period er year 

Acrc·fut Acre·feetMay.1893._________________________________ January 190IL_____.___________________ 23.559 3.490 

l=m~~:=::==::=========:=:::::===:== 1~E~ l~~:=::==:==:==::==::=:=:=:: 1:m tm. 
The decrease in the annual accumulation is due to the reduction 

of cross-sectional area of the reservoir by the deposition of silt. As 
the cross section was reduced, higher velocities were created and 
more of the silt load was carried through the reservoir and over the 
spillway. . 

The river-discharge records for a period of 32 years show maxi
mum mean daily discharges of from 9,750 to 145,000 second-feet, 
with an average of 52,600 second-feet. In passing floods of such 
magnitude through the reservoir, the average width of which at 
the elevation of the crest of the original dam was 807 feet with a 
minimum width of 460 feet, velocities capable of carrying the major 
part of the suspended load through the basin and ove,r the spillway 
were required. In other words, owing to the limited: width of the 
reservoir, stream conditions existed during the passing of the larger 
floods, and reservoir conditions were not reestablished until the 
discharge had been .so reduced that velocities were sligh\~. 
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Whenever the discharge was such that reservoir conditions existed 
suspended matter settled. to the bottom soon .aft~r enter~ng the slack

" water in the storage basin, and in the form ofliquld mud flowed 
toward the dam. Side streams with. st~ep gradient.s, discharging 
directly into the reservoir from the adjacent rocky slopes, deposited 
bars of sand which temporarily retarded the flow of mud. 'When a 
rise of sufficient magnitude to create velocities that changed the 
characteristics from reservoir to stream conditions occurred, some 
of the heavier particles of suspended matter were deposited through
out the length of the reservoir. 

Referring to silt in connection with his survey of 1900, Taylor (18) 
states: 

This silt, from the dam to a point within 3 miles of the bead of the lake, 
was, in 1900, a fine, impalpable, absolutely gritless deposit. At the hl".ad of the 
luke and for about 3 miles down the lake the silt consisted of sand, which 
readily deposited when tile velocity of tlle stream was checked by the relatively 
still water of the lake. 

A.ccording to this statement, slightly less than 7 percent of the 
material deposited in the reservoir in 6%, years was sand. This 
seems to be a low percentage, since the Pede.Tnales River which joins 
the Colorado 25 or 30 miles above the reservoir is considered a sandy 
tributary. Observations at the heads of Lake Worth, Lake Kemp, 
and Medina Reservoir indicate that the volume of sand deposited 
within the flow line of reservoirs is small in comparison with the 
total deposit. 

In ~89j this silt * ,. * was fine, impalpable, absolutely gritless deptJsit, 
and where newly exposed wouIIl not bear an appreciable weight on its surface. 
The 'writer has often tried its resistance all along the lake, and an oar could 
be driven into it several feet with moderate pressure. Shovelfuls of it placed 
UPOll boards in a heaped-up mass would immediately settle and spread so that 
the upper surface was Ulmost horizontal. A barrel of it,. when first taken 1lP 
at Santa Monica Spring, soon spread out in a flat sheet (11, p • .ql). 

The writer spent considerable time examining and sampling mate
rial in this reservoir and in the river channel. The samples include 
material in many degrees of consolidation. 

Sample no. 1 was cut December 12, 1924, from an exposed deposit 
1 mile above the dam alld 50 feet from the edge of water. The 
surface of the deposit was about 9 feet below high-water mark and 
was broken in blocks by shrinkage cracks caused by exposure of 
the material to the atmosphere. 

Sample no. 2 was cut December 12, 1924, from the same bar as 
no. 1, but 200 feet from the edge of water and 6 inches below the 
surface of the deposit which was broken by shrinkage cracks up to 
three fourths inch in width. 

Sampl~s nos. 3 and 4: were cut February 13, 1925, from the locality 
from which no. 2 was taken. They were taken 6 inches below the 
surface of the deposit and the increase in weight over that of the 
samples taken December 1924 is due to additional shrinkage, caused 
by continued exposure to the atmosphere. 

Sample no. 5 was cut December 12, 1924, from a bar on the south 
side of the river. 12.5 miles above the dam. The surface of the 
deposit WIiS about 9 feet below high-water mark and was broken by 
shrinkage cracks. The sample, taken 8 inches above the water sur
face, was black and red in color and was quite sticl"Y. 

'. 
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Sample no. 6 was cut February 4, 1925, from the edge of a wash 
on the right bank of th.a river, about 19 miles above the dam. It 
consisted of a mixture of clay and sand and was probably deposited 
long before the dam was constructed. 

Samples nos. 7, 8,and 9 were cut February 4, 1925, from a deposit 
on the left bank, about 16 miles above the dam. They had been 
covered to a depth of 20 feet with silt and the extreme high-water 
mark was 35 feet above the samples. The material consisted of 
dark-brown clay with streaks of sand and is thought to have been 
deposited during the e~;stence of the original dam. 

Sample no. 10 was taken April 25, 1925, from the left bank, 1% 
miles above the dam. A hole was excavated 2% feet into the depc;>sit 
and the sample was taken 2 feet below the water surface by forcmg 
a can into the side of the excavation, diaging it out and shearing 
the silt off at the top of the can. The Jnaterial had been expose(l 
to the atmosphere at lower stages of the river. 

Sample no. 11 was taken April 25" 1925, one third mile above the 
dam, from a deposit on the left bank. A hole was excavated 2 feet 
in depth near the edge of the water. The material below was so 
soft that it flowed into the excavation and prevented going deeper. 
The sample was taken 1% feet below the surface of the water by 
pushing a brass cylinder into the edge of the excavation. This 
material had been exposed to the atmosphere at lower stages of the 
rh·er. 

Samples nos. 12 and 13 were taken June 9, 1926, 300 feeji above 
the dam, frOll'l beneath 10 feet of water. The surface of the deposit 
was 7112 feet below the crest of the concrete section of the dam and 
the material sampled is thought to have been under water eyer 
since its deposition. A wooden rod 20 feet in length and slightly 
over 1 inch in diameter could be pushed 10 feet into the deposit 
and removed with ease. Silt adhered to that part of the rod which 
penetrated the deposit and could be removed only by rubbing vigor
ously. A small amount of very fine grit was noticeable. The sam
ples were taken in a coffee can attached to a 15-pound window 
weight. The material was so soft that the weight carried the can 
under the surface, permitting a full-can sample to be taken. A sieye 
analysis showed that l,lll except particles of shell and vegetable mat
ter passed a sieve having 200 meshes per inch. On ignition the loss 
in weight was 5~5 percent. 

Sample no. 14 was taken from the left bank, 600 feet above the 
dam. The material sampled had been deposited in slack-water be
tween rtIDways to boat landings, by a flood which had gone down 
rapidly and left the freshly deposited mud exposed. only a short time 
before the sample was taken. The sample was dipped with a can. 
The specific gravity of the silt in, the mud state was 1.3 and that 
of the dried SlIt was 2.62. 

Sample no. 15 was composite, taken from suspension durinO' a 
flood, at the Congress Avenue bridge at Austin, April 28, 1926. 
Buckets full of muddy water were drawn up and the water was 
allowed to stand a few minutes, during which time most of the sus
pended matter settled to the bottom. The top watcr was then 
poured off and the concentrated silt was saved. The material was 
placed in a l%-inch glass tube 42 inches long, May 4, 1926, and 

A 
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the height of the mud column was measured from time to time in 
order to determine the rate of settlement. 

It will be seen from the following tabulation that practically 
one -half of the shrinkage of the silt column took place during the 
first 10 days. 
Elapsed time (days) after Shrinkage Elapsed time (days) after Shrinkage 

placing in tube: (percent) placing in tube: (percent)10_________________________ 23.0 100________________________ 44.5 
20 ______________________ 31.7 530______________________ 50.3 
30________________________ 36.3 642________________________ 50.3 

As there was no further shrinkage after the five hundred and 
thirtieth day, this sample was removed from the tube on the six 
hundred and forty-second day and its volume-weight ratio and spe
cific gravity were determined. Three inclependent determinations of 
the specific gravity gave 2:717, 2.741, and 2.730, with an average 
of 2.729. These results are slightly higher than those for samples of 
the deposited material from the reservoir, due to the pouring off 
of the vegetable matter of the composite sample. . 

Table 21 gives the volume-weight ratios of the samples from the 
reser,oir on the Colorado River of Texas at Austin. 

T.mf-E 21.-rolmM·weiuht Of silt samples frorn the reservoir on the Colorado 
River Of TeXflS at A.ustin 

Original Dry ma· Original Dry rna· 
weight terial per weight terial perSample no. Sample no. per cubic cubic foot peT cubic cubic foot 

foot of deposit foot of deposit 

Pounds Pound3 Pound3 Pounds1 ___._._..________._._.__• __._ 9__•________ •••___ • __ • ___..__ _
lOltS 83,5 99.3 67.610__._..____..______• _______._" 109.2 84.9 11 ___•________________. ______ 91.6 51.93==::::::::::::::::::::::::::: 111.6 84.5 92.0 54.5L _______ . __ .._______..______ . 12 __ ._.__ ••___._._._________..113.8 86,9 79.9 29.65___ ___ .._______..._________ ... ___ 13__ . ___•___._._..__..._......104.3 64.7 SO. 6 29.96 ____ T • __•_____________•••_____ 14________._..__••_...______..lU.2 l00,() 81.2 3ll.57... __.. _____ ... _____... ________.....___ 15__ • ___ . ___..__•__________•__
lOS. 1 73,1 82. i 3ll.7s__.___________.._.___..____._ 
101.5 69.8 

Based on Taylor's description of the material in the reservoir in 
1900 and assuming that 5 percent of the deposit described as "fine 
absolutely gritless " had been exposed to the atmosphere during low 
stages of the water until considerable shrinkage had taken place, 
the average weight of the dry material per cubic foot of deposit in 
1900 is estimated at 35.9 pounds. 

The mean percentage of silt by weight for a 3-year period, in 
the Colorado River of Texas, at Tow, was 0.36. Applying this per
centage to the mean annual discharge at Austin and using 35.9 
pounds as the average weight of dry material per cubic foot of 
deposit, the mean annual volume of silt entering the Austin Reser
voir was 11,500 acre-feet. The Llano and Pedernales Rivers dis
charge into the Colorado between Tow and Austin, but it is be
lieved that they do not materially affect the percentage of silt in 
the. main river. 

Had all the silt entering the reservoir been deposited in the storage 
basin and none carried over the dam, the entire capacity would have 
been occupied by silt in about 4 years. If storage had been pro
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r 	 videdfor the mean annual flow of the stream, it would have ret/ 	 quired practically 160 years, at the same rate of filling, for the silt 

to occupy the entire capacity. When one considers the fact that 
i' 	 the. mean annual discharge of the Tiver at Austin is 37, times the 

original capacity of the reservoir it is not surprising that ~ ¢ storage 
space was occupied by silt in a few years. 

DETERMINATION OF THE SILT LOAD 

As previously stated, the silt content of daily samples has been 
determined in terms of percentage of silt by weight. The per
centage by weight for each day applied to the river discharge is 
assumed to give the silt load for that day. Obviously, during chang
ing conditions of run-off and stream flow, with only one sampling 
dally in !L given section, the mean percentage of silt, so determined, 
may vary considerably from the actual mean, but it is believed that 
the errors are compensating and will approximat{l true conditions 
in an extended period. The monthly silt loads as listed in sum
maries of silt determinations, tables 25 to 43, inclusive, in the Appen
dix, are summations of the daily loads. 

The volume of material deposited in reservoirs from suspension 
in flood water is subject to enormous shrinkage, therefore the most 
accurate and convenient method of determining the suspended load 
is on the basis of weight. In the study of the silt load of a .stream 
with reference to the probable life of reservoirs, the space which it 
will ultimately occupy just before the reservoir ceases to serye the 
purpose for which it was constructed, is required. In other words, 
for practical application the units in weight must be conyerted into 
units by volume. 

There is little difficulty in determining with a close degree of 
accuracy the initial and final yolume-weight relation of material 
deposited under reservoir conditions. In existing reservoirs the 
initial relation may be determined from samples recently deposited. 
Where no reservoir exists, the initial relation may be determined 
from suspended material that has been al1owec1 to settle in con
venient containers. The final relation in the case of existinO" reser
voirs may be determined from samples of deposited material which 
has been subjected to considerable shrinkage, due to exposure to the 
sun and atmosphm:e for a long period of time. 'Vhere no reservoir 
exists the final relation may be determined from Saml)les carefully 
selected in deposits laid down by the stream cluring floods that over
flowed the banks. The proper volume-weight relation to apply in 
making the conversion is, of course, some yalue between the initial· 
and final relations. The final value is the limit which is being ap
proached, but it is highly probable that it will not be reached 
during the average life of It reservoir. 

Of all samples tested in connection with this investigation the 
leanest, containing 18:7 pounds of dry material per cubic foot of 
deposit, possessed prominent colloidal characteristics. This sample 
was taken immediately above Lake Worth Dam 011 the 'Vest Fork 
of Trinity River. The densest sample was the cobblelike formation 
(pI. 1, A and B) containing 106.1 pounds of dry material per cubic 
foot of deposit, taken from Madim'L. Reservoir. The lowest values 
for Lake Worth 011 the West,Fork of Trinity River, Medina Reser

"'. 
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voir on Medina River, Austin Reservoir on Colora\1o River of Texas, 
Brazos River, and Lake Kemp on Wichita River are 18.7, 28.8, 29.6, 
31.2, and 35.1 pounds of dry material per cubic foot of deposit, 
respectively. The highest values for the same sources of supply 
are 66.3., 106.1, 86.9, 91.2, and 88.8 pounds of dry material per . cubic 
foot of deposit, respectively. The value of 66.3 pounds of dry ma
terial per cubic foot of deposit does not. represe.nt the maximum 
density of the silt in Lake W'orth at the time this particular sample 
was taken. Owing to its peculiar jointed structure, it was impossible 
to take a satisfactory volume-weight sample of the denser material 
and the sample taken came from below the eifect of prominent 
shrinka~e cracks. It is believed that the dry weight per cubic foot 
of the aenser material approached 85 pounds. 

For the samples listed above representing the least weight of dry 
material per cubic foot of deposit, the space occupied by water 
varied from 80 to 89 percent. The water capacities, by volume, of 
undisturbed soils below the water table, range between 31.3 percent 
for very fine sand and 4.9.0 percent for marly loam (11). Comparing 
the water capacity of the marly loam with that of the sample which 
contained 89 percent water by volume, it is seen that the latter has 
a greater capacity, by 40 percent j than the former. This greater 
capacity is due to the difference in structure of the mass of soft 
silt deposited from suspension, under water. The structure of silt 
so deposited and remaining submerged has been called "honeycomb 
structure," and in case of particles of colloidal size "flocculent" 
(20). 

Excess water held in silt by virtue of structure of the deposit 
is liberated so slowly upon exposure of the mderial to the atmos
phere that it is all taken up by evaporation and is not available 
as storage water. 

The selection of a dry weight per cubic foo~ of deposit to apply 
in converting units by weight to units by volume must be based 
on an estimate. The estimate should be based on an intimate knowl
edge of rainfall, drainage area, stream characteristics, and a reason
ably accurate prophecy as to the actual operation of the proposed 
reservoir. If a reservoir is operated in such a manner that the silt 
surface is continually covered with water, the average dry weight 
per cubic foot of deposit may approach 30 pounds; but if the silt 
deposit is exposed at intervals, shrinkage 'will take place and the 
volume-weight ratio will be increased. 

The latter condition is strikingly illustrated in the operation of 
l.fedina Reservoir during the 5-year period ended October 1930. At 
the beginning of this period the nvera~e dry weight per cubic foot 
of deposit appro)o.-1mated 30 pounds. .increased irrigation demand 
and subnormal rainfall resulted in a lowering of the water surface, 
thus exposing the depositecl material so that shrihknge increased the 
average dry weight per cubic foot to approximately 64 pounds. 
Each subsequent exposure of the deposited material to the atmosphere 
and sun increases the average dry weight per cubic foot of deposit. 

During the initial operation of a reservoir, flood water, with its 
charge of silt, reaches the dam. As the velocity is overcome the 
suspended silt settles to the bottom in the form of soft mud. As 
the reservoir continues to fill with silt-charged inflow and the water 
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surface backs upstream, the suspended material continues to settle 
to the bottom in the upstream limit of slack-water. Sediment which 
has a greater specific gravity than water, flows in the form of soft 
mud down the slopes of the reservoir bottom into pools of the main 
stream and depressions outside the channel. If the inflow is greater 
than the sum of seepage, evaporation, and diversions, the process 
will continue until the water surface reaches the spillway crest. At 
this stage the average number of pounds of dry material per cubic 
foot of deposit approaches 30 or less if collodial conditions are 
present. Shrinkage and the accompanying increase in unit weight 
can take place only by liberation of the excesS water. If the deposit 
is kept continually covered with water, this shrinkage takes place 
so slowly that it is believed to be negligible so far as the life of a 
reservoir is concerned. 

In the operation of many reservoirs, however, the demand exceeds 
the supply and a portion of the :floor of the reservoir, witli the silt 
deposits, becomes exposed to the sun and atmosphere for intervals 
of time, and great shrinkage of the silt deposit takes place through 
the liberation of water held by virtue of its structure. The shrink
age is manifested in cracks and subsidence of the surface of the 
deposit. The cracks divide the surface into irregular areas and 
extend into the mass varying depths, depending on the period of 
expos~re, the character of the material, and the thickness of the 
depOSIt. 

Although the moisture content of the exposed material increases 
when the water level rises again, material not actually scoured and 
agitated by incoming floods until complete separation of the par
ticles takes place does not occupy as much space as it did when 
originally deposited. Owing to the comparatively short distance 
that consolidated material is exposed to the eroding effect of inflow 
in reservoirs, complete separation of the particles does not take place 
and the resulting structure is denser than it was when originally 
deposited. In material which is· not scoured when again submergecl, 
the shrinkage cracks can be detected by the difference in density 
of the deposit after they have been filled with freshly deposited 
material. From observation it is believed that the expansion of the 
undisturbed consolidated material is sligl1t. 

Silt deposited ill the reservoir on the Nueces River near Mathis 
and later exposed to the atmosphere several different times weighed 
100.9 pounds per cubic foot and the dry material per cubic foot of 
deposit weighed 64 pounds. When tIils material was covered with 
water again, it expanded to the extent that the wet weight was 96.3 
pounds per cubic foot and the dry material per cubic foot of deposit 
weighed 56 pounds. Each subsequent exposure and submersion re
sults in less expansion and It greater dry weight per cubic foot. 

At the inception of this investigation it was expected that the 
results could be expressed exactly, in units by volume, but the infor
mation developed as the study progressed proved this to be impos
sible, since material deposited under reservoir conditions and remain
illg submerged contained 30 or less pounds of dry material per cubic 
foot of deposit, while material similar~y deposited and th~n subjected 
to shl'inkage through exposure contamed III excess of 80 pounds of 
dry material per cubic foot of deposit. 
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. 
It should be kept in mind that the average ultimate weight of the 

dry material per cubic foot of deposit depends on the function and 
operation of the reservoir. In a reservoir used for flood control 
oiily, the water is stored temporarily, and. the deposited material, sub
jected to shrinkage during long periods of time, has an average 
ultimate weight of dry material per cubic roo.t of deposit approxi
mating 90 pounds; in the average reservoir for storage of water for 
future use, dry periods and increased demand for water result in 
lowering of the water surface and the exposure of the silt deposit for 
periods of time, resulting in an average ultimate weight of dry 
material per cubic foot of deposit approximating 70 pounds; and in 
a power reservoir, where the head is maintained practically constant, 
exposure and the resulting shrinkage does not take place, and the 
average ultimate weight of the dry material per cubic foot of deposit 
approximates. 30 pounds. 

The writer, after carefully considering the volume-weight ratios 
of silt samples and the measurements of exposed and submerged 
deposits in reservoirs. has selected 70 pounds as the average ultimate 
weight of dry material per cubic foot of deposit, for converting units 
by weight into units by volume. This selection was made with a 
knowledge of the indeterminable volume of vegetable matter in the 
form of logs and brush which moves down the streams during ris
ing stages. Since much of this material is waterlogged and travels 
unobserved down stream below the water surface, it is impossible to 
estimate the volume. Such material will be deposited in reservoirs 
where it will be preserved indefinitely if kept submerged with water. 

Stream discharge records used in tables 25 to 43, inclusive, were 
furnished by the water resources branch of the United States Geolog
ical Survey and the volume of silt is based on the assumption that the 
weight of the dry material per cubic foot of mud, deposited under 

.:.. lIToir conditions, will ultimately be 70 pounds. 

PREVENTION OF SILTING 

As previously stated, the most important factors that control run
off, erosion, and transportation of eroded and weathered material 
are depth and intensity of rainfall, topographic features, structure 
and texture of the soil, and the amount and character of surface cover 
or vegetation. 

:Man has no control over the depth and intensity of rainfall, both of 
which vary widely. The records of the United States Weather 
Bureau show for central Texas, where the average annual rainfall 
ranges from 20 to 33 inches, a mininmm annual precipitation of less 
than 6 inches and a maximum of 67.94 inches, with a recorded 
intensity of over 19 inches in 24 hours on a portion of the drainage 
area. Rainfall of such intensity results in heavy run-off with an 
accompanying heavy silt load in the aggregate, although the per
centage of silt may be low, owing to dilution. Continuous slow 
easy rains may total several inches during a single storm, but from 
the fact that the rate of absorption of the soil is not overtaxed, little 
water and proportionately little suspended matter rUI1S off. 

The control of topographic features is possible to a lim.ited extent, 
by the construction of (1) terraces to retard, spread, and direct the 
flow of run-off so as to reduce the erosion of the. ground surface to 
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a'-minimum and expose it uniformly to the percolating water; (2) 
check dams of logs, brush, stones, wire, straw,and other ma.terial, 
to check the velocity of the water and cause the deposition of sus
pended matter; and (3) dams and levees to store and direct the 
discharge. 

The structure and teXture of the soil are controllable only so far 
as they are affected by vegetation and cultivation. A cover crop of 
grass, weeds, brush, and forest trees is effective in preventing 
weathering and excessive 'run-off with its accompanying load of .' 

silt. Decaying vegetable matter affects the structure and texture of 
the soil by contribution of humus and by the mechanical action of 
the roots perforating the formation. 

The deposition of part of the silt load of a supply stream may be 
accomplished,. to a limited extent, in the main valley above the flow 
line of the reservoir. A dense growth of tamarisk on the flood plain 
of the Wichita River above the flow line of Lake Kemp is effective 
in reducing the velocity of flood water to the extent that considerable 
silt is deposited outside the reservoir. 

By diverting flood water from a stream channel above a reservoir 
and allowing it to spread over the valley floor, the velocity may be 
reduced so that much material that would otherwise enter the reser
voir is deposited. This is illustrated in the operation of a reservoir 
near Balmorhea.. Water for the reservoir is diverted from Toyah 
Creek and conducted through a feeder canal which has extravagant 
gradients. High velocities carry sand, gravel, and cobblestones 
toward the reservoir. At two points along the canal, contracted 
sections cause large floods to spread out over the flat land on each 
side, resulting in the deposition of the coarse material, preventing 
it from being carried into the reservoir. 

REMOVAL OF SILT FROM RESERVOIRS 

Various schemes have been proposed for removing deposited silt 
from reservoirs bOlt no feasible plan has been suggested. The chief 
objection to the methods proposed is the cost per unit volume. Under 
present conditions the cost of dredging in reservoirs used for irri 
gation storage or power purposes is prohibitive. The method may 
be feasible in connection with mlmicipal water supply where water 
is sold in units of 1,000 gallons instead of acre-feet. 

Proper clearing and grading of reservoir bottoms, to remove 
obstacles to the free flow of soft mud deposits, will provide for the. 
transmission of a considerable volume to the dams. If the outlet 
conduits are in the lowest part of the stream channel, the soft mate
l'ial reaching the dams will be discharged with the water. The most 
feasible method of handling the situation arising from reservoirs 
filled with silt is to provide additional storage capacity by increasing 
the height of the controlling works 01' by the construction of a dam 
at another site. 

SILT PROBLEl\fS OF THE LOWER RIO GRANDE VALLEY 

The handling of the silt in the water of the Rio Grande, the source 

of irrigation supply of the lower Rio Grande Valley of Texas, has 

been recognized, since the construction of the first lrrigation canal 
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mthat part of the valley, as an important maintenanceahd opera
·tion problem.
" In. order to deliver wat.er to the greater part of th;e irrigable 
land, the canals had to be. constructed with extremely fiat gradients 
'Which resulted in large cross-sectional areas and low velocities. As 
~ result of the low velocities, the major part of the suspended load 
is deposited in the upper reaches of the canals, but thin deposits of 
very fine material have been ob$srved at the extreme lower end of 
the distribution system 35 miles. or more from the river diversions. 

Periodic cleanings of the canals .. are necessary to maintain the ~e 
quired carrying capacities. As a rule, the intake canals from the 
I'iver to the pumping plants are cleaned with suction dredges; the 
larger canals of the distribution system are cleaned with drag-line 
excavators; canals of medium dimensions' are cleaned with ladder
type excavators; and small canals and laterals are cleaned with 
teams and scrapers or by men with shovels. 

Oli several of the irrigation systems, provision has been made for 
desilting the watbr by means of settling basins before it enters the 
~anals. The basins of comparatively large areas receive the silt
laden water directly from the pumps at the river. The canals which 
dra.w their supply of practically clear water from the settling basins 
:are noticeably free from silt deposit As the basins become filled 
with deposited material, it will be necessary to provide others. The 
area built up in the basins should, with proper treatment, be con
verted into valuable agricultural land. 

The basic fertility of the soil in this part of the valley is doubtless 
(iue to a large extent to the plant food contained in the sediment of 
which it is composed, but it has been observed that land between the 
river bank and the flood-control levee, with a deposit of fresh silt, 
does not produce crops equal to those produced Just over the levee 
<In land protected from freshly deposited material. 

Seepage investigations in connection with irrigation canals indi
-cate that the silt is very effective in sealing the wet area and reduc
ing the· rate of percolation. In canals with silt on the sides and 
bottom, losses as low as 0.091 cubic foot per square foot of wet area 
in 24 hours were measured. In one canal, which contained no sUt 
deposit, its supply being clear water drawn from the surface of a 
settling basin, the measured loss was at the !'ate of 3,884 cubic feet 
per square foot of wet area in 24 hours. 

In canal systems other than those of continuous flow in which the 
main canal receives its full allotment at its head and each lateral 
diverting therefrom takes its portion of the discharge, the theory 
deduced by R. G. E:ennedy in his investigation on the Bari Doab 
canal system in India is not applicable. 

Experiments in reaches of canals in which the relation of width, 
depth, and mean velocity were such that silt was neither picked up 
1101' deposited led Kennedy to conclude that the velocity under such 
conditions is expressed approximately by the equation (10) 

V o=cd·04 

where (J has values from 0.82 for light sandy soil to 1.07 for coarse 
silt, and d is depth in feet. 

:. 
(~:<" :<-~. _~.A "". 



~.. 
,
; 

. . : \\ 

TECHNICALIHTLLETIN 382, U.S. DEPT; OF AGRICULTURE 

Many irrigation systems and in fact all those in the lower Rio 
Grande Valley of Texas provide for the delivery of water to irri
gators on demand and by reason of the diversity of crops, canals 
and laterals seldom carry water to their full capacity. A canal with 
,n. capacity of 25 cubic feet per second may on account of l~ck of 
demand be discharging 2 cubic feet per second, and in order to 
deliver this amou;nt to the land being irrigated it is often necessary 
to check the water to freeboard limit. Under such circumstances 
velocities that will prevent deposition of the suspended matter can
net be maintained. . 

CHEMICAL COMPOSITION OF BRAZOS RIVER WATER 

During April 1926 samples of muddy water were taken from 
Brazos River at Seymour, Waco, and Rosenberg for the purpose of 
determining the chemical composition of the material in solution 
and suspension. 

The Seymour sample was taken at 8 a.m., April 21, when the 
discharge was 2,370 second-feet and the stage was increasing rapidly. 
Two routine samples taken at 6 p.m. the same. day, at a discharge 
of 7,772 second-feet and falling stage, contained 2.37 percent of 
suspended matter by weight and 4.92 percent by volume after 7 da.ys' 
settlement. 

The 1Vaco sample was taken at 4 p.m., April 22, during a falling 
stage when the discharge was 17,500 second-feet. Three routine 
samples, taken at the same time, contained 0.43 percent suspended 
matter by weight. 

The Rosenberg sample was taken at 8 a.m., April 24, during a 
rising stage when the discharge was 66,190 second-feet. Three rou
tine samples taken about the same time contained 0.76 percent sus
pended matter by weight and 3.04 percent by volume after 7 days' 
settlement. 

The chemical analyses were made by A. E. Mix, analyst in the 
water and beverage laboratory of the Bureau of Chemistry and Soils, 
United States Department of Agriculture. The results are given 
in tables 22 to 24, inclusive. 

Part of the Brazos River drainage basin above Seymour contains 
extensive salt deposits. During periods of low or no flow the water 
standing in pools along the channel becomes saturated with alkali 
salts.. The high salt content of the sample from Seymour is due to 
a quick rise, following a period of low flow. Contributions of water 
containing less salt in solution, from streams discharging into Brazos 
River below Seymour, resulted in dilution as indicated by the decrease 
in total salts in samples from Waco and Rosenberg. 

SUMMARY AND CONCLUSIONS 

The Brazos River Basin is representative, in its various sections, 
of conditions prevailing in other drainage areas in Texas. The 
upper end of the basin is in New Mexico, about 4,900 feet above sea 
level. There the average annual rainfall is approximately 15 inches. 
T.hence Brazos River flows southeasterly, discharging into the Gulf 
oi Mexico at a point where the average annual rainfall is about 42 
inches. 
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T.AELE22.-POfasn, phosphorus, and nitrogen in s-u-spend,ed Btlt of Brazos River 
water trom SeYmour, WtWO, and Rosenberg 

Location X,o P,O. N 

Percent Percent PercentSeymour______ 0 0.08 0.098·Waco__ •_______ 0 .08 .224
Rosenberg_____ 0 .08 .112 

~:AnI.l!l 23.-Rad;icals with awir rerwtin.q values in filtered su-perllata~t water 
from samples from Brazos River 

Values for sample from-

Seymour Waco RosenbergRadical 

------------1------------------
Milli- Milli- Milli

grams per grams per grams per
liter Percent liter Percent liter Percent

Na (calc.)________________________________ 253.0 21. 58 1.0 0.49 20.9 12.3308______________________________________ 246.5 
24.13 73.3 42.05 44.7 30.30l\ofg_ ____ __________________________________ 26.6 
4.29 7.9 7.46 6.6 7.37Fe,O., AhO,_ ___________________________ 27.0 3.0 0SiO,____________________________________ 9.0 4.0 8.0 -------:iiiNO.___________________________________ .4 .01 .4 .07 1.4]30,____________________________________ .7 .03 .7 .19 .7 .22

OL______________________________________ 400.0 25.45 18.0 5.83 24.0 9.19
SO.______________________________________ 210.7 8.61 35.8 8.57 20.. 2 5.71HCO,____________________________________ 492.4 15.83 182.4 34.36 152.0 33.84
PO._______________________________________ 1.2 .07 2.7 .98 1.7 .73 

1----1---------------TotaL_ ________________________ 1,727.5 100.00  329.2 100.00 280.2 100.00 

TABLE 24.-Anhydrous salts in fil,tered, ~'upernatant water from samples 11"Om 
Brazos River 

;1 
Values for sample trom- Values for sample from-

Anhydrous sBlt Anbydrous salt 
Rosen- Rosen-Seymour Waco Seymour Wacoberg berg 

Milli- ]VI/lll- Milli- Mill;- Milli- Milli
gram,'per grams per gram, per grams per grams per grams per 

Wer liter littT liter liter literN nBO, ____________ OaSO._____________
1.1 1.1 1.1 285.5 39.7 0NaNO.____________ Oa(HOO,h________.6 .0 1.9 654.0 242.3 176.4NoOL _____________ Oa,CPO.),_________641.7 1.2 39.7 2.0 4.4 2.8Ns,SQI___________ Fe,O" AbO, _______0 0 13.6 27.0 3.0 0MgOb_____________ SiD, __ _____________

95.0 23.2 0 9.0 4.0 8.0
MgSO._______--___ 11. 6 9.7 13.7 --Mg(HOO,h_______ , Tof,aL _______0 0 23.0 1,727.5 329.2 280.2

i 

The mean percentage of silt by weight in samples taken at six 
tenths of the depths in verticals at one sixth, one half and five 
sixths the width very closely approximates the mean silt percentage 

...,. for .the section. 
While it is known that steep mountain streams transportconsid

.;)rable .coarse material by rolling it along the stream bed, it is be
lieved that the solids conveyed by the streams studied, at the sections 
under consideration, are held in suspension and subject to sampling 
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at velo~ities existing during periods when silt is being transported 
insignificant quantities. . 

There is no evidence at the river stations under consideration of 
any direct relation between the suspended load and the velocity of 
the water. The higher the velocity, the greater is the capacity to 
carry; but since the capacity load is not even approximately ap
proached, the magnitude of the silt charge becomes, in effect, a func
tion of loading rather than of capacity to carry. 

The greater part of the silt load of a stream is due to previous 
weathering. Following a dry period, the first run-off picks up the 
weathered material and carries it into the stream. After the first 
Hush from the area upon which the precipitation falls, the stream 
must depend upon erosion for its silt load, but since the portion 
of 3. large drainage basin subject to excessi,e erosion or scour is 
small in comparison with the entire area, the .silt load becomes 
c(.lmparatively light. 

The maximum silt percentage by weight occurs prior to the maxi
mum stream discharge. There are two distinct peaks in the silt 
percentage curves for each flood. The first peak occurs on a rising 
stage at a point above which the volume of water increases much 
faster than the available silt load, resulting in dilution. 'rhe second 
peak occurs on a. fa.lling stage .and is due to the caving oi banks and 
the sloughing into the channel of material deposited on the slopes 
at higher stream stages. . 

The greater part of the suspended silt load of streams and of 
most of the material deposited in reservoirs is of such fineness that 
it will pass a Tyler standard no. 300 sieve. 

After 7 days' settlement, the average ratio of the percentage of 
silt by volume to the percentage by weight is 3.3 to 1. The lllud 
column of samples kept in tubes for 7 days is comparable to freshly 
deposited material in reservoirs, but being taken from suspension, 
it contains a mixtwu of different sized grains, while mat.erial de
posited in reservoirs has been subjected to more complete sorting. 

After 13 years of use Medina Reservoir contained 2,692 acre-feet 
of deposited silt having an average of 30 pounds of dry material per 
cubic foot of deposit. Five years later, owing to exposure to the 
sun and atmosphere at various times, the average weight of the 
dry material per cubic foot of deposit was 63.6 pounds. The 2,692 
acre-feet of material measured in the reservoir in 1925, therefore, 
had been reduced to 1,270 acre-feet in 1930, through shrinkage due 
to exposure. 

Suspended silt settles to the reservoir bottom soon aiter entering 
the slack water and, having a greater specific gravity than water, 
flows,in the form ·of Uquid mud, down the slopes into depressions 
and along the main channel until blocked by the dam. 

Owing to its greater density, silt~charged water entering a reser
voir partly filled with clear water does Dot mingle with the clear, 
but forces it downstream toward the dam. No suspended silt is 
carried through the reservoir and over the spillway until all of the 
clear water has been discharged. 

Silt had accumulated in Lake Worth at the rate of about 1,000 
acre-feet per year from the time when water was .first stored until 
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.;1925, and the same rate of deposition was still continuing in 1928, 
when the total volume deposited. was estimatea at 13,837 acre-feet. 

Silt deposited from suspension in r~servoirsand kept continually 
.submerged contains from 18.7 to 37 pounds of dry material per oubic 
foot of deposit. 

The average weight of the dry material per cubic foot of deposit 
in reservoirs in which a practIcally constant head is maintained, 
approaches 30 pounds. 

The average weight of the dry material per cubic foot of deposit 
in reservoirs that are emptied occasionally, ultimately approaches 70 
pounds. 

The average weight of dry material per cubic foot of deposit in 
reservoirs used exclusivelv for flood control and therefore standing 
empty most of the time, approaches 90 pounds. 

The greater part of the silt deposited from suspension in reser
voirs and kept continually submerged bas an angle of reliose ap
proaching 0°. 

The specific gravity of dried silt from reservoir deposits is gen
erally about 2.65. Samples taken from suspension and from which 
vegetable matter was excluded hild an average specific gravity of 
2~73. 

The average annual discharge of the Colorado River of Texas 
at Austin, during a period of 32 years, was 1,827,000 acre-feet. or 
more than 27 times the original capacity of Austin Reservoir. The 
rapid filling of this reserVOIr with sediment was due to its relatively 
small capacity and the large average annual discharge of the stream. 
Owing to the narrowness of the reservojr, stream conditions existed 
throughout its length during the discharge of the larger floods. Less 
than 7 percent of the material depositeC!. within the flow line during 
the first 6% years of operation of this reservoir was sand. 

Excess water held in silt by virtue of the structure of the deposit 
is not available as storage water. On exposure of such deposits to 
the air, the water is liberated so slowly that all of it is evaporated. 

Although the moisture content of exposed silt deposits increases 
when resubmergence occurs, silt that is not actually scoured and 
agitated by incoming floods tintil complete separation of the par
ticles takes place does not occupy as much space as when it T;;-';LS 

deposited. Each subsequent exposure and submersion results in a 
greater degree of consolidation. 

The density of silt deposited in reservoirs is not increased by the 
depth of water on its surface. Actual tests of material submerged 
from only a few to over 100 feet indicate no difference in denSIty. 
Since the individual silt particles are completely surrounded with 
water the resultant pressure is zero. 

At the beginning of the jnvestigation, it was expected that the 
results that would be obtained could be expressed e~ctly .in units 
of volume, but information developed as the study progressed has 
proved this to be impossible. After considering carefully the vol
ume-weight ratios of silt samples in different degrees of consolidn~ 
tion together with' the fact that an indeterminable volume of ve~e
table matter in the form of logs and brush deposited in reserVOIrs 
becomes water-logged nnd lasts indefinitely, '70 pounds was selected 
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as the average ultimate weight of the dry material per cubic foot 
of deposit in reservoirs where the deposits are subjected to alternate 
wetting and drying. . 

The best method of preventing the deposition of silt in reservoirs, 
is t.o keep it from being carried into the supply streams. This may 
be accomplished in part through extensive run-off control projects 
combining forestation, planting of grass cover crops,. terracing of 
cultivated land, and constructing of check dams and other velocity
reducing structures. 

The diversion and spreading of flood water in stream valleys above 
reservoirs is effective in causing the deposition of heavier grades 
of material outside the flow line. A dense growth of tamarisk on 
the flood plains above reservoirs reduces the velocity of flood water 
to such an e:dent that considerable material even of the finer grades 
is deposited before it reaches the reservoir. 

The removal of silt by dredgin~ from reservoirs used for irriga
tion and power purposes is not feasible, owing to the prohibitive 
cost. In reservoirs with outlet conduits in the old channel of the 
stream, a considerable volume of soft mud may be discharged with 
the water. The most feasible method of providing storage to take 
the place of that occupied by deposited material is to provide fur
ther capacity, either by raising the controlling works or by construct
ing another dam at a new site. 

Silt in irrigation water in the lower Rio Grande Valley is effective 
in reducing percolating losses of earthen canals but frequent clean
ings of canals are necessary to maintain the required carrying 
capacities. On several systems the water is desilted by passing it 
through settling basins near the diversion points. 
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APPENDIX 

SILT CARll1ED BY VARIOUS TEXAS STREAMS BASED ON DISCHARGE RECORDS OF 
THE UNITED STATES GEOLOGICAL SURVEY 

TABLl1I 25.-Silt determinations, Double Mountai1~ Fork of the Braz08 lUoor, 
A8p~nt, 19!1-S0 

1924 

Month Discharge SUt I Month Discharge SlIt 
~ 

Acre·fed Tom Acre·fed Acre'fitl TOII8 Acre-fed1une (4-30) _____ 	 INovember~____1nly____________ 235 600 0 December______ 0 0 0 
AugusL_______ 764 34.980 23 G 0 0 

0 0 0
September_____ 7,470 226,000 148 Total CorOctober________ 2, 470 	 00,900 40 perlod._ 10,939 322,480 211 

1925 

-
18D1lIIrY______ ._ 	

I 

22 0 0 A_L-____ 27,600 1,902,120 1,248IFehruary. _____ 	 September_____0 0 0 	 37,400 1,251,100 821 
M~ch_________ October________0 0 0 	 5,910 56.050 37November_____BY___________ 40,000 1,379.610 90S 	 1,980 4,440 3tJ::.----------	 December______
1une___________ 14,800 392, 900 258 45 0 0 
1u1Y___________ 1,040 12,010 8 

1,660 22,130 15 Total----l lao, 457 5,020,360 3,2OIi 
I 
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TABLE. 25.-.:Brlt detenniilation8, DOfI,ble Mountain Park of the Brazo8 River, 
AszjeNlHJnt, 19!4-80-Continued 

1926 

Month Discharge Silt Month Discharge Silt 

Acre·feet Tons Acre-feet Acre·feet Ton. ACTe-fut1anuary ______ August _______ 
;-:0- 30 0 0 55,800 2,004, 920 1,354 

25 0 0 September - ----I 25,700 437,930 287
February______ 

October________March________ 1116l 3,100 2 l 162,000 3, ))12, 690 2,501 
BY___________ 14,100 ! 478 4,310 0 0 

1nne___________ 8,320 I ~4Wltl:riL-------
186,300 122 ~=~i..:::::1 11,000 43, 170 28 

July__________ Total____ 14,700 4,,7,250 aoo 
11,400 \ 610,860 401 314, 901 8,344,780 5,473 

II 

1927 

I . jJanuary_____J August________ )1,770 0 0 8,310 236,270 I 155February______;
March. ________, 2,980 17,690 12 September-----1 4,470 133,500 I 88October________ j1,380 2,470 2 2,370 35,87g 23ApriL._______ J 3, il90 41,200 27 .( 1 0Msy___________• 688 7,100 5 ~:::~i..:::::l 11 0Jnne___________! 01 

16,200 463,850 3(HJuly_________1 22,400 668,120 §39 Total____! 64,573 1,006,730 I ],055 
i 

1928 

January_______ ./ I 
August_________ 111,500 475,860 312February______ 85 

1 
1,~ o 

1 
September _ ____ 231 0 0March_________ October_______ • 232 4,050 3158 400 oApriL_____.____ 9 o o November_____ 545 7,490 .5May_______ •___ 

44,800 1,930,490 December______ 74 0 0June__________• 
July__________ 3,840 16,480 I, zrl.\ ~------i~------I------5O,aoo 1,729,470 I, J3~ Total____ 119,781 4,165,490 2, 732 

1929 

,)'anuary______• August___._. ___25 0 0 6 0 0February______ 71 0 0 ,September • ____I 54,800 1,814,150 1,229Marcb_________ October________664 14,490 II 8118 4,990 3 
1,070 16,580 11 November_ •• __ 52 0 0tiesyrn___________-----.---- 23,700 114,310 468 4 0 0 

19,100 564,280 310 
June__________ December------l 
July___________ 12,600 253,510 166 TotsL_._ 112, 990 3,442,310 2,256 

1930 

,January________ AugusL_______2 0 111 230 0February__ ._._ gI September_____March_________ 3 0 5,950 72,660 48October________4 0 0 11,400 318,500 209 
28,000 820,670 538 1,370 5,960 .(November_____ 

sy___________ ~---------- December______91,200 5,090,370 12, 200 116,110 470June___________
July___________ 19,300 531,180 3'~1554 3,140 TotaL_._ 176,094 7,558,820 4,958 

'l'ABLE 26.-,Silt deferminati01UJ, Salt Fork Of tlIe Brazo8 River, A8permont, 
1924-25 

lSU 

l\{onth Dlscharge SUt Month Discharge SiltI I 

! 
Acre-Jed Ton8 Acre-Jut ACTe·Jeet Ton8 Acre-ftdJune (4-3O}_____ 'November_____21,800 423,060 2i8 7 0 0,July.___________ December____._1,310 8,950 6 25 0 0August________ 157 210 0

September____• Tota!.. __8,590 256,280 168 189 699,900 459Dctober________ 1,240 11,400 1 33, 1 , 
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TAIlIB 26.-Silt tfeterminations, Balt Fork of tke Brazos River, Altperoumt, 
19Z4-25-Contlnued 

1925 

Month Discharge SUt Month Discha.tge Silt 

At:rt-f«l Tom At:rt'l«t Acrt-/ut Tcm, Acrt·l«t 
JanllllrY_•••••• 199 600 0 lune•• , •••••••• 4,510 84,250 55 
February•••••• 38 0 0 lu1:Y••••.••••••• 5,300 350,820 230 
March••••••••• 5 0 0 August (1-29)•• 21.200 705.530 .63 
April.•••••••••• 59,900 3.203.290 2,101 
May••••; •••••• 13,200 275,700 181 TotaL ••• 104, 352 1 4.620.240 1 3.030 

T.AJI.LE 27.-Silt tfeterminatfOnB, 0Zea4" Fork of tke Brazos River, Elia8viUe, 
19!4-25 

1924 

1\lonth Discharge Slit Month Discharge Silt 

Acre·ftd Tom Acrt·fut Acrt·led Tom Acre'ltd 
June (3-30)••••• 6,630 2.360 1 November••••• 95 11 0 
July._......... 4 0 0 December•••••• 354 0 0 
Angust._•••••• 131 0 0 
£eptemoer••••• S9.9OO 398,280 261 TotaL••• 98,484 .00,911 262 
October•••••••• 1.370 260 0 

1925 

January•••••••• 417 0 0 4.830 710 0 
February•••••• 93 0 0 July••••••.••.•• 3,240 700 0 
]..larch••••••••. 18 0 0 AugUSt•••.•.••. 12,900 12,030 8 
.-I.pril••••••••••• 16,800 53,170 35 
l\lay••••••••••• 83,700 538,420 353 TotSL••.j 121,998 605,030 395 

lune···········1 

':PAIlLEl 28.-Bilt tZeterminatiom, Olear For'k of the Braz08 River, OrystaL Fans, 
19!5-!8 

1925 

Month Slit Month Discharge Slit
Discharge I 

Aut·fed Acre·led Tan, Acre·/ed
September••••• 295,540 194 December•••••• 69~ 63 0 
October•••••••• 24.200 35.610 23 

Acr7t~ I Tom 

November••••• 3,030 260 0 TotaL ••• 105,925 331,473 217 

. 
1926 

~ ...; 
January•••••••• 577 35 0 August...•••.•• 7,680 7,110 (; 

February•••••• 189 7 0 September••••• 10,600 15,350 10 
March••••••••• 5,930 3,100 2 October•••••••• 16.600 29,880 20 
ApriL•••••••••• 28,600 84,130 55 November••••• 353 38 0 
May••••••••••• 18, 100 34,170 22 December•••••• 38,900 144,300 95 
June ,•••••••••• - ..---------- --_... -.- .. ---- ----------
July•••••••••••• 12,200 13,460 9 Total•••• 139,629 331,630 218 

1927 

January······..1 1,390 lJO 0 AugUSt••••••••• 927 100 
February•••••• 3,460 420 0 September••••• 12, 400 49,110 3 
March__••••••• 5,670 1,220 1 October•••••••• 4,610 3,150 
~rlI•.••••••••• 63.700 365,830 240 November.•••• 333 1 

ay••••••••••• 495 44 0 December •••••• 155 9 
June••••••••••• 6,870 4,720 3 
July•••••••••••• 25,000 48,250 32 TotaL••• 125,010 473,014 31 

1 Slage be,ond )bn.\t Dr rating curve 3 days during the month, hence dlscl18rge Dot determined. 

http:T.AJI.LE
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TABLE 28.-Silt determin.atio1l8, Olear Fork of the Brazos RWer, OrgBfa~ Falls, 
1925-28-Continued 

1928 

.Month Discharge SutSilt I Montb IDischarge 

lanuary________ Acre-fut Ton. Acre-ful I I Acre-fut TOIII Acre-fulo I AugusL_______1M ~ 47,600 1711,~ 117February______ oI September _____March_________ 0 0 1,640 1,760 1 
0 0 o October________ 315 0 0il 

BY___________ 0 0 o1 November_____ 3,610 2, 120 1tEriL---------- 785, December______197,000 1,196,760 861 58 0 
luly____________ 
lune___________ 

33,700 130,080 85' 

53,800 ' 217,620 338,1i90 1,727,7118 1,132
143 TotaL ___ 

1 I ,II 

TABLE 29_-Silt determin-atio1l8, Brazos Rloor at Seymour, 192HO 
1924 

.Month Discharge Silt Montb Discbarge Silt 

Acre-fed Ton. Acre-ftd Acre-fed TOIII Acre-fedJune (5-30) ____ November_____43,000 1,114,020 731 6 0 0 
August_________ 
luly___________ December______546 1,270 1 0 0 0 

737 4,420 3September_____ TotaL ___27,400 782,350 513 78,329 1,961,420 1,28TOctober________ 6,64() 59,360 39 
1 

1925 

1 anuory ________ o August________ _282 o M,800 2,315,930 1,51~February______ o September_____208 o 185,000 5,376,630 3,526March________ _ o October________o o 18,000 227,990 150, 

May__________ _ 
April__________ _ 

92,800 4,009,630 2,630 November_____ 3,960 13,530 9
313 December______22,300 477,660 309 27 o 

July___________ 6,810 QS, 540 ~ I------I----~----
3,840 34,300 398, 309 12, 554, 137 8,234

lune___________ 
22 TotaL __ _ 

1926 

January________ August________
71171 750 0 161,000February______ 22 0 0 Scptem ber 

October_______ 
_____ 42, 500 .~.rn~874,110 " 57March_________ 6,910 117,570 77 212,000 4, 253, 520 2, 790April___________ November_____50,100 1,442, 310 946 8,960 47,350 31 

lune___________ 34,000 999,210 055 December______ 9,760 47,800 31
May___________ 

44,600 1,155,170 758luly___________ TotaL___34,700 739,860 485 605,349 13,275, 510 8,7 

January________ August_________
9,770 77,700 51 1,340 4,760February______ 6,830 57,900 38 September_____ 4,120 36,550 24Marcb_________ October________1,910 1,760 1 1,250 1,680 1Aprll___________ November_____May___________ 3,010 6,900 5 80 0 0December______8,700 96,810 63 197 0 0 

luly___________ 
lune___________ 

31,700 534,900 351 TotaL___31,700 583,670 383 100,607 1,402,810 9 
1 

1928 

January________ August________405 65 0 34,400 552,400 362-February______ 293 100 0 September_____ 857 430 oMarch_________ October________1,180 3,080 2 0 0 0
Novomber_____tl:ayrll___________ 0 0 0 December______ '/08 660 1 

luno___________ 103,000 3,152, 500 2,008 135 9 0 
July___________ 11,200 43,000 28 TotaL ___73, :roo 2, 468, 330 1,619 225,378 6,220,574 4,

,I 
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TABLE 29.-8llt determination8, Brazos Rwer at 8eymour, 192H0--Continued 


1929 

Month SUt Month . Discharge SiltDischarge \ 

Acre·fut I TOIU Acre-!ed Acre-feet TORI Acre1ett,August_________.T anUM),••'_'___ 0 0 31 8 0February______ September_____~I 79 0 121.000 3,361,010 2,205March_________ October••______2,340 i 2,4211 2 8,300 52,560 34 
tf.rU--...---.. - 6,040 3 November__ • __ 1,450 1,670 1By___________ 2,0001

31,300 403,190 265 December....__ 126 28 0.TUlle._..___..__ 35,400 , 8211,sro 53SJuly. ___.._. ___ Total____29,100 ! 448,910 294 231,445 5,096,605 3,3-12
.l I ( 

1930 
-

January_ •••••_ 204 80 0 June.....___••• 107,000 2,669,980 1, i51February___.._ July (1-13) _____ 0344 190 0 806 660March. ________ 11i 23 0 
128,000 2, 342, 980 1,531 TotaL_.. 423,465 10,23-1.273 6,712Af,rU----------1> ay______•___ 
187.000 5,22ll.360 3,424 

T_"DLE 30.-Silt determitiatiOn8:, Brazos ,River near Mineral WeUs, 192HO 

1924 

Month Discharge Silt Month Discharge Silt 

Aere-!etl Tom Acre-!eet Acre-!eet Ton. Acre-fed
June (2-30) _____ 50,100 366,330 2.0 November. ____ 275 4'1: 0July___.._....__ 1,000 210 0 December__..._ 66 0 0August_______.. U3 25 0
September_____ 144.000 1,502,690 986 TotaL. __ 201,014 1,870,702 l,Zrl
October • ___ ..__ 5,400 1,400 I 

1925 

August_________January_._...__ 461 56 0 66,200 1,691, i30 l,noFebruary_______ September_____308 0 0 4-35,000 8,487,120 5.567March _________ October_____.._6 0 0 68, 700 187,930 123November _____
?Ar,riL.---------___________ 165,000 6,282, 960 3.465 12,700 10,560 7By 

372,000 4,238,190 2,780 December_.____ 1,560 450 0June.._________ 20,500 28,170 18July______..____ TotaL ___7,020 970 1 1,149,455 19.928,136 13,071 

1926 


anuary________ I August.._______
J 5,070 2,660 2 22ll,000 3,828,560 2,511
ebrunry ______ September_____F 1,160 150 0 116,000 1,020,210 009 

].{arch _..._____ 20,400 SIl,2!IO 59 October.______ 343,000 6,649,990 4,36~November_____115,000 1,557,080 1.021 20,500 8,230~l:rIL--- ..-----By__..__ ..___ December______ ~ 67,200 453,200 297 124,000 681,390 447une_____ •_____J 233.000 2,390,720 1,568uly__..___ ..___ TotaL. __J 104.000 1,026,440 673 1.368,330 17,707,920 n,014 

1927 

January•._______ August_________18,000 7,070 5 13,100 In,BOO 3-1
}'ebruary.______ 25,200 14,460 JO September__ ... 12,300 33,660 22March______ .._ 43,700 119,420 78 October • ___.. __ 41,300 231,980 156 
t/:riL....------ 129,000 805,22ll 528 November_____ 1,310 89 0ay_______..__ December______10,100 2,960 2 621 82 0June.__________ 82, 900 953,140 625Jul)"___________ 66,100 437,059 287 TotaL.. _ 443,631 2, 662, 931 1,747 
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TAB~ aO.-Silt (Ietermilllltio1l~, B/"I~Z08 Ricer lIeal- JHllcra[. Welf.cJ, 192Ho
Continned 

1928 

Month :DIscharge I II Month Discharge SUtSilt 

TanuBrY.______• Acrt-fttt Ton. Acrt-fed o If~-IAugust_________ 
Acre-fed TOll. IAcre-fut 

1,600 190 156,000 1.228, liO " S06February______ 	 o September____ _828 110 	 26,400 110,730 73March ________ _ 	 o October________1738' 110 	 781. 450 I 0April..__ •______
May__________ _ 3,060 9aO 1 November__ • __ 13,200 \ 15,390 I" 10 
June___ ..______ 1December------l373,000 4,709,3;0 3, 089	 3,070 I 300 .___0 

100,000 1,541,500 I,OlIJuly_..._______ _ 1,850 ToteL__ _196,000 2,821,340 	 9tH.6i7 110,428, oro i 6,840
I i 

1929 

JanWlI'Y________ 11,600 49,310 I 32 August..____• __ 1,310 1401 0
February______ 983 }1O 0 September__• __ 325,000 3,3H
1.farch____•____ 	 October________ 5,053,340 I
7.010 1,5;0 1 	 46.900 163,2;0 107

November_____~ril.---------- 15, ;00 36,840 24 	 7.140 970 111 ay___________ 
224,000 2,734,920 1,794 December..__.. 3,480 1. 02Il 1June.. _______ .. 64, !IOO SOlI, SOlI 531 
48,100 286,470 188 7.56.123 9,137,760 I 5,993

July..__________ 	 Total____ 
~ 

1930 

January__ ....__ 1,060 120 0 August._____.._ 6,820 900 I ISeptember. ____February. __• __ 1,420 160 0 	 39,200 211,120 139-
March.._______ 	 Octoher________
April___________ 812 66 0 450,000 3,861,6\0 I 2,533 

60,700 1,411,820 926 18,800November____• 
~.l\Iay______ ___ 	 December______ 37, 640 I 2S604,000 8,516,250 5,586 125,000 1,161,510 ~ 

July____________ 
June___________ 

369,000 2, 801,300 1,837 
20,800 21,170 14 TotaL... 1,697,612 IB, 023, tiOO 11. S!ll 

TABLE 31,-Silt detenninati{;1I-8, Brazos River, Glen Rose, 1924-29 

1924 

~fonth Discharge Silt ! }'1011th Discharge Slit 

Acre/eel Ton. !Acre-[ttt Aert-[ttt Tans !Acre·rutJune__• ________ 	 1'<ovember_____July____________ 86,300 	 3,040
December_____•1,660 	 1,440 gIg•.\ugust.____ • __ • r,110 o 0"''':1 "~September_____ 	 122,000 1,373, llO " 901 TotaL... 227,950 1,949,420 1,270

October________ 12,400 6,070 4 
I 

1025 

JIUlWlI'Y._______ 	 August__..___•1,680 gI 0 	 46,300 1,228,960 i SOOFebruary••____ 	 September_____1,220 0 357,000 4,098:Mnrch__•______ 	 October________ 6,247,140 I
368 0 0 119,000 901,610 591-.\pril·__________ 	 November_____May__________ 	 127.000 3,OS2,6;0 2.022 26,500 39.100 '.l6 

412,000 6,348,960 3,508 December..___• 4,130 0June. _______.._ 16,800 1)50 0 
7,780 0 0 TotaL... 1,119,778 16,850,: I 11,051

July_________ • 

1926 

January.______• 19,200 87.060 I AugusL____•___ 239,000 3,829,520 "2,512Febmary_______ 2,680 3iO September••___ 218,000 2,843,710 1,865March ___•_____ 	 October________24,100 108.980 -1 354,000 6,262,690 4,108April __________
May___________ 168, 000 2, 672,510 1,753'. INovember____ • 40.100 22,690 15 
J uno ___________ December..____ 
July__________ 314,000 4.667.450 

113,000 I.IOS,6iO 72i 143,000 1,689,600 l,lOS 

137,000 1,309,200 3'~1 Total.. .. I, i72,080 24.602,450 16.136 
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TABLE st.-Silt detcrminatio1ls, Bra:o$ Ril"f!r, Glen Rosc, 192.S-29-Continued 


1927 

Month Slit Discharge SlitIDischarge Month;1
;. It 

Acre·fed TonI Actt1ed '\ Acre-feet TOR. Acre-feel 
January........ 24,900 8, 940 t 6 ;, .-\ugust_•••••••• 24,700 79,070 52 
Februnry._•••• 32,800 17,300 ! 11 Ii September••••• 19,000 25,770 11 
March••••••••. 71,300 329,670 ! 216 ,i October•••••••• 87,900 728,830 478tftriL-..--... 2, 413, 900 ! 1,58311 November•••••175,000 3,360 0 0 

ay•••••••_••• 30,000 197,260 ; 129 December_••_ 10,200 4,900 3 
lune•••••.••••• 102,000 1,518,980 i 996 _ 
luly_•••••••••• 72,400- 659,770! -133 1 TotaL•• 653,560 I 5,985,0;0 3,924 

1928 

lannary••_ ••_ 3,710 (II .......... 11August.. .,.'" 2IlI, COO 1,083,460 111 

Februnry•••••• 11,800 •••••••••• , September••••. 52, 500 111,490 77 
March••••••••• 3,440 ~~ _"""'" October•••_•••• 1,790 0 0 
tfarU..·········· 33,600 •••••••••• \ No\-ember"'" 14,400 (I~

y••••••••••• 3.'!8,ooo """".. December•••••• 41,600 (I 
lune........... 231,000 
 ~t~ 
luly••_ •••••••• 197,000 2, 286,630 ""'1;500 I! TotaL•• 1,129,840 3,487,580 2,288 

1 SOt record incomplete. 

lanuary•••••••• 36,600 283,330 \ 1~ IJune•••••••_ •• 114,000 1,299,110 852 
February•••••• 16,400 July••••••••••• 44,100 220,160 144

76,721l IMarch••••••••• 2Il,800 14,960 10 AugusL._••.• 4,700 3,310 2 
44,300 

ay••••••••••• 236,000 3,440,840 2,~1 TotaL ••• 516,900 5,731,490 3,759 
tlriL.......... 393,960 


, 

TL\IILE 32.-Silt detel"lllillatiOll8, Brazos Rirer, Waco, 192-S-S0 

192-1 

! 
Month Discharge Slit 1 Month Discharge Slit 

Am·fttt Tons ACTt-[ut Au(-{eet TORa ACTt-[eel
lune........... 130,000 776,880 510 . November••••• 10,400 2,420 2 
luly••_ •••••••• 5,610 460 0 December•••••• 9,070 1,010 1 
August••••••••• 4,590 2,090 1 
September••••• 115,000 1,154,760 757 TotaL•• 293,270 1,959,600 1,285 
October•••••••• 18,600 21,980 H 

1925 

I1anuary•••••••• 8,980 0 o IAugust••••••••• 43,200 876,980 575 
Februnry•••••• 3,500 0 o September••••• 360,000 7,001,770 4,592 
March••••••••• 2,080 0 o October........ 100, 000 1,265,840 830 
~rU........... 79,300 1,843,.960 1,210 November••••• 74,200 205,570 135 

ay••••••••__ 499,000 7,657,020 9,390 1,390 15,~ 1\ December......1une••••••••••• 18,500 5,530 
1uly_••••••••• 4,6110 860 1 Total•••• 1,268,810 18, 868, 92Il 12,370,. 

1926 

1anuary•••••••• 94,800 381,950 255 August••••••••• 1116,000 I 3,189,260 2,092 
February•••••• 19,600 3,920 a September..... 286,000 3, 985, 940 2,614 
March••••••••• 111,000 669,550 439 October•••••••• 332,000 6, 079,080 4,578 
~........ 407, COO 4,418,640 2,808 November"'" 38,700 53,46jl 35 

ay••••••••••• 184,000 1,768,300 1,160 December•••••• 102,000 6110,500 453 
lune••••••••••• 346,000 4,384,480 2,876 
.1uly•••••••••••• 22Il, 000 2,01\),260 1,324 I TotaL•• 2,307,100 28,550,340 18,727 
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TABLE 32.-Silt (ieterllli1uz,f.i01I8, Brazo8 River, Waeo, 1924-30-Contlnued 

1927 


(. 
Month Discharge Snt Month Discharge Silt 

-
Acre-fed Tom Acre·ftd Acre-ftd Tom Acre-fedAugust•••___• __18DUBrY_•••_••_ 34.100 22,620 15 	 39.100 134.690 88
.FebJ'l1lU'Y ____ •• 	 september_____68,400 74,240 49 	 19. 700 16,210 11
October_._____•March_.__._._. 	 112,000 509,300 334 142,000 1,096,550 710


November. ____tJ;rIl-..---..-	 271.000 I, oos.030 1,311 7,910 510 0 
._~ay._.__ ___ 	 December•••___lone___________ 	 l26,000 772, 190 506 12,700 9,470 6 


li08, 000 5,719,080 3,751
luly____•_____ 	 Total____105,000 477,370 313 1,«5,910 10,830,260 7,103 

1928 


August_.______•lIlDUBrY•••__._. 11,200 4,280 3 209.000 1,882, 270 1.235FebJ'l1lU'Y ______ 
March_________ 57,500 181.670 119 September__••• 61,300 3os. 970 203
October••______25,000 18,600 12 5,140 630 0 


111,000 970,920 637 9,940 4,690 3
November___._ 
ay____• __• 

lone.__________ 
~.---.-----__• 	 December_____ •847,000 6,140.810 4,028 46,100 167.760 110 

luly_____•_____ 
 330.000 3,400,330 2,230 

Total. ___162,000 2, 522,830 1.655 1.375,180 15,603,760 10,235 

1929 


1 . I

anUBrY--.----_ 	 45,700 251,310 1551 August._•••___ 10.100 28,540 19
February______ 	 74 September_____24,700 113,320 	 889,000 6,432,940 4,210March.__•••_._ 52,200 134,280 88 October_••_•••_ 50,500 220,670 145


tf:,1L..----• •... __• 	 138,000 703,070 461 ) November____ • 24,500 10,290 7
ay____ __ 2, 760 December.__• __361,000 4,208, 230 	 16,000 3,980 3
lono._.________ 177,000 1,429,230 937 

luly___•••_•••• 41,600 163.120 107 Total••_. 1,330,OO:l 13,698, 980 8,985 


I 


1930 


lanUBrY__•___._ 7.620 01 ,August•••••••_. 6,68014,400 I

February•••••• 28,800 58 September•••_. 63, 100 164, 940 108 

March_._ •••••• 16,500 42,850 28 October••••••_. 633, 000 6, 198, 480 4,006
tl::............ 26,400 250,180 164 November•••_. 112 


89,~1 	 " 
70. 200 I 170. 060
ay••••••••••• 922, ilOO 12,511,440 8,206 December•••••• 278, 000 1. 953, 460 1,281


lono••_._._.___ 359,000 2, 752, 210 1,805

luly_•••___••••• 41,100 8,360 6 Total••_. 2, 460, 120 24, 147, 630 15,838 


f 	 I 


TAULE 33.-8l1t determinatwn8, B,'aZ08 River, R08enberg, 1924-30 


Month Discharge 	 l.fonth Dlscbarge SiltSlIt-l 
1924 


Acre·fut Tom Acre·feet Acre·fttt Tcm8 Acre'ltd 
lone (11-30).__• 252,000 343,300 .225 November_____ 41,000 4,450 3

Iuly___••••••_._ 88,800 26,360 17 December•••••• 45,100 2, 970 2 

August••••_•••• 46,100 2,240 1 ---

September•• __• 108,000 342,320 225 Total. ___ 664,800 926,680 607 

October_•• _._._ 83,800 205,040 134 


1925 


January_•••_••• August•••_••___ 42,400 158,690

February•• __ ._ 34,400 1,370 1 September• __•• 290,000 3,848,840 2,524 

March._•••_••• 30,000 2,300 2 October_••_••__ 991,000 6,236,050 4,090

AprIL••_._•••_ 27,000 2, 740 2 November•••_. 1,120,000 4,019,620 2,637 

May••••_•••••• 514,000 8,427,090 5,5Z7 December___••• 95,800 20,920 14 

J 52,700 15,330 10 


'~I,lOO 4,500 3 	 104 


une.___ •__•••• 

uly.____••___••
J 31,000 3,300 2 Total••••• 3, Z74, 200 22,740,840 14,916 
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TARe;: aB.-Silt deternt4nations, Brazos River, RosenDerg, 192~--SO-Continued 

1926 

Mouth Dlscharge SUt Mouth . I Discharge Slit 
.. 

I 
Acre·led Tom Acre,/eet Acre·led Tom Acre,/utJanuary________ August_________539,000 2,110,080 1,38;\ 272,000 1,527,250 1,002February_______ September_____186,000 106,74ll 70 34Q,OOO 4,703,610 3,0115March_________ October________955,000 3, 603,110 2,263 383,000 6,133,660 4,OZJNovember_____8y___________ 2, 190,000 13,300,030 8,724 203,000 706,870 .~~---------- i December______June___________ 1,240,000 3,676, 190 2,411 701, \iOO 2,bW,91O I l,O!I2 

July__________ 462,000 3,596,730 2, 359 I TotaL ___372, 000 2, 039, 020 1,337 I 7, 843, 000 144, 403, 200 I 29,124 

1927 

January________ August_________292,000 625,210 410 104,000 39,080 26February______ September_____544,000 2, 167, 930 1,422 58,600 9,640 IIMarch_________ October________679,000 2,459,250 1,6W 599,000 4,953,910 3,249November_____961,000 7,965,830 5,225 81,500 8,440 5ay___________ ~----------- Del'ember_~____421,000 1,526,830 1,003 82,400 27,970 18 
July____________ 
June___________ 

838,000 8, 801,100 5,773 
378,000 1,040,010 682 TotaL ___ 5,038,500 29,627,200 19,432 

1928 

January________ August_________85,500 32, 100 21 264,000 3,423,140 2,245February_______
March_________ 316,000 3,278,570 2, 150 September-____ 105,000 341,570 221 

298,000 423,230 278 October________ 37,600 5,160 3 
t/irlL--------- 214,000 56,2, 750 369 4ll,800 5,480 4November_____

8y___________ December______295,000 5,009,890 3,286 231,000Juue___________ 700,I4ll I 4.5It815,000 9,028, 140 5,922 
161,UOO 1,074,180 705 2,864,900 23, 884, 350 15, 563

July___________ TotaL ___ 

1929 

J8IItIarY---____
February______ 
March_________ 
t/irll..---------8y___________ 
June___________ 
July____________ 

328,000 
96,100 

296,000 
7il8,OOO 

1,130,000 
2,360,000 

322,000 

948,760 
60,640 

933,750 
5,458,680 
9,950,970 
8,074,860 

471,810 

, 
622 August_________ 
4ll September_____ 

612 October________ 
3,580 November_____ 
6,527 December______ 
5,296 

309 
I 

TotaL ___ 

57,500 
393,000 
86,100 

555,000 
97,800 

6,429,500 

5,340 
5,668,710 

31,800 
1,978,010 

31,270 

33,614,500 

4 
3,718 

21 
1,297 

20 

22,046 

1930 

January________ 
February_______ 
March_________ 
t/irIL---------8y___________ 
June__________ 
July___________ 

214,000 I 423,nO 
408,000 8n,950 
238,000 318,600 
134,000 72, 880 

2, 600,000 30,476,030 
582,000 4,357,970 
128,000 76,570 

.'- 
278 August_________ 
576 September_____ 
209 October________ 
48 November_____ 

19,989 December______ 
2,858 

50 TotaL___ 
I 

58,000 
118,000 
916,000 
212,000 
935,000 

6,543,000 

3,120 
38,360 

8,317, no 
540,620 

6,314,890, 

51,818,530 

2 
25 

5,456 
355 

4,142 

'33,088 

TABLE 34.-Silt tWtarm.ilwtiolU!, Little Ri'vCI", Little Rivet, 1924-29 

1024 

Month Discharge Silt Month Discharge Silt 

I
Acre'lut Tom Acre-Ieet Acre·lut Tons Acre·ledJunl! (8-00) _____ November_____July___________ 23,100 1,970 1 3,620 170 0 
8,560 180 4,410 170 0December______

August________ 01
4,150 0 01September_____ TotaL ___16,500 21,190 64,340 24,160 15October________ 141
4,000 480 O. 

I 
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TABLE· 34.,-Silt determinatiolis, Little. Rive,., Little River; 1924-29-Continued 

1925 

Month Dlschlll'g'e .Sllt Month Discharge Silt 

1anuary________ 
February______
March_________ 

tErIl---------ay_._________
luna___________ 
1uly___________ 

Acre-feet 
4,000 
3,200 
2,970 
5,010 

40,700 
2,220 
1,310 

Tom 
170 

15 
78 

2,810 
189,480

lIO 
57 

Acre-feet 
0 
0 
0 
2 

124 
0 
0 

August. _______ 
September_____ 
October________ 
November_____
December_____ ~ 

TotaL___ 

Acre-feet 
1,380 

16,500 
SO,700 
93,200 
5,820 

227,010 

T07l8 
94 

151,400 
309,830 
418,770 

410 

1,073,224 

Acre-fut 
0 

99 
203 
275 

0 

703 
, 

1926 

January_______ 
February______ 
March_________ 

tErIl---------ay___________ 
June___________ 
July___________ 

38,700 
16,300 
99, !lOO 

304,000 
125,000 
55,500 
74,700 

30,610 
970 

339,740 
1,303,880 

171,880 
96,740 

240,260 

20 August. _______ 
1 September_____ 

223 October________ 
855 November_____ 
113 December_____ 

64 
158 TotaL ___ 

11,400 I 1,650 
8,230 720 

21,900 20,890 
6,790 430 

11,300 7SO 

773,720 2, 203, 520 

1 
.~ 0 

14 
0 
0 

1,449 

-
1927 

January________ 
February______ 
March_________ 
AprlL_________ 
May___________ 
1une___________ 
July___________ 

9,980 
99,300 
68,500 
98,800 
65,000 

135,000 
27,900 

240 
203,610 
21,650 

359,930 
128,270 
524,570 

18,540 

0 August. _______ 
137 September_____ 
14 October_____..__ 

236 November_____ 
64 December______ " 

344 
12 TotaL ___ 

5,760 
3,910 

11.9,000 
12,600 
14,700 

660,450 

320 
190 

324,130 
4,150 

850 

1,591,450 

0 
0 

213 
3 
1 

1,044 

1928 

January________ AugusL_______9,840 590 0 16,800
Feblllary______ September_____32,700 16,780 11 6,130 590 0March_________ October________27,100 1,890 1 1,760 77 0AprlL _________ November_____20,000 2,190 1 1,850 120 0 
June___________ 
May~ __________ December______ 
Jaly___________ 78,600 I 415,800 273 

32,200 77,660 51 8,670 2, 550 2··'''w

8,120 4,210 3 TotaL ___ 243,770 531,367 348 

1annary______J .apriL _________13,500 20,3:10 13 

1929 

~"I u,·.wHFebruary______1 6,220 670 0 May (1-27) _____ 39,100 110,320 72March _________ 17,000 10,390 7 
TotaL ___ 114,120 263,630 172 

TA.BLE 85.-S"ilt dete,.'minations, San GabrieZ River, Circleville, 1924-29 

1924 

Month Discharge Silt Month Discharge Silt 

Acre-fut Tom Acre-Jttt Acre-ftet Tona Acre-feltJune (7-30) _____ November_____8,9ao 420 0 1,350 130 0 
5,480 0 0 IDecember______ 1,420 39 0

July____________ 
August_________ 2,210 210 0September_____ TotaL ___2,040 1,490 1 22,500 2, 419 1
October________1 1,070 130 0 



THE .SILTLOADOF TEXAS STREAMS 67 

TABLE 35_-Silt determinations, San GabrieZ Rwer, Oiroleville, 1924-S9-Contd_ 

1925 

Month Discharge SUt I Month Discharge SUt 

1--- 
Acre-feet Tom Acre-feet Acre-fed T01l8 Acre-fedanuary________ August_________ ~ 1,510 150 0 2,310 1,260 1February______ Septemoor_____968 0 0 4,240 3,470 2March________ October________.962 17 0 20,500 117,760 77 

May__________ 
April__________ November_____ 

10,300 63,140 41 December______ 2,870 94 0 
1,500 200 0 16,400 47,460 31 

.June___________ 252 20 0July__________ TotaL ___221 18 0 62, 033 233,589 152 ,i 

1926 

January________ August________23,100 6,000 4 3,000 370 0
February______ September_____10,800 290 0 1,580 130 0J\<f.arch _________ October________27,100 78,840 52 6,270 2, 890 2ApriL________ 48,900 415,770 273 NQvember_____ 2,070 110 0May_________ December______49,700 179,890 118 3,700 230 0 

11,800 1,500 1 ---Jnne___________ 
July________•___ 10,000 IG,980 11 TotaL __ 198,020 703,000 I 461 

1927 

January________ August_________3,900 110 0 70; 50 0February______ September_____28,300 152,370 100 543 11 01>1arch.________ . October________23,100 Zl,2'"lIO 15 43,300 126,040 83April__________ ',.November_____31,100 46,340 30 3,340 .43 0December______9,500 1,630 1 2, 100 82 0 
17,900 20,220 13July___________ ~~=========== TotaL ___! 2422,630 330 0 166,510 369,515 

1928 

January________ August_________ 0February______ 2,000 I 45 0 
September_____ 

474 24 
8,340 4,090 3 415 14 0March _________ October________8,180 460 0 389 24 0 

May___________ 
April___________ November_____ 

4,190 2,920 2 1,050 56 0 
3,860 360 0 613 28 0

December______
,June__________ 5,680 5,780 4 

1,330 1,140 1 36,521 14,941 10July____________ TotaL ___ 

1929 

January________ July____________
1,060 81 0 4,330 380 0

February______ August_________
e22 70 0 1,460 25 0March _________ 2,470 11,830 8 September_____ 750 16 0 

8,930 40,520ApriL___ ._.___ 27 October________ 744 7 0May._____ •____ 80,600 457,230 300June. ____ ._.___ TotaL___11,500 1,180 1 112,766 511, 339 1 336 

.-
TABLE S6_-Silt cleterminationB, San Antonio Ri.ver, Falls GUy,. 1927~O 

1927 

Month Discharge Silt Month Discharge Silt 

Acre-feet Tona Acre-feet Acre-feet Tona Acre-feet 
September 2,940 1,080 1 November __ ••• 4,090 36 0

(13-"30) ______ December •• ____ 7,190 530 0 

October •• _•••••, 10,700 14,700 10 


TotaL_._ 24, 920 16,346 11 


1 Samples were taken at San Antonio and Aransas Pass R.R. bridge in Fall Olty, about 3~ miles north
east of the gagin~ station: . , 
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TABLE 36.-SUt determination, San Antonio Riiver, Falls Oity, 192'l'-8()-Cont(L 

1928 

Month Discharge Month Discharge Silt 
Silt 

Acre-!oet Tons Acre-feet I
'I 

Acre·feet Tons IAcre-futlanuary________ 1) August_________7,440 790 3,190 150 0
February_____ 5,810 530 01 September_____ 10,200 15.760 10March________ 7 October________9,960 10,160 7,690 6,780, 4ApriL__________ 7 November_____8,090 9,940 12,400 25,730 I .17May___________ 

20,500 107,360 70 IDecember______ 5,710 ; ~lune___________ 69 • 9,650 I17,000 105,380luly____________ 
5,400 830 1 TotaL ___ 117,330 289,120 I 190 

1.
1929 

lanuary________ 2,270 1 August_________1 4,590 3iO 0February______ 7,930 I September_____6,660 390 0 6,430 680 0March_________ October________10,000 21,050 14 8,120 3,820 3April__________ NovembeL ____26 6,720 1,000 1 
81,800 261 December______1 9,220 2,480 ZMay___________ 
11,800 I 39,340 

lune___________ 398,150 I13,800 27,320 18July___________ TotaL ___14,100 10,890 7 181,170 507,760 333 
\ 

1930 

January________ August. __ .. ____8,670 200 0 3,540 69 0February______ September_____7,160 1,240 1 3,430 400 0March_________ October_.______8,120 490 0 6,050 1,770 1ApriL_________ 7,740 1 November_____ 6,070 550 0960May___________ December______12,100 25,520 17 5,260 81 0lune___________ 12,600 23,060 15Illly___________ Total____6,460 1,400 1 87,200 3f)_~5,7401 

TABLE 37.-Silt determinations, Nueces River, Three Rivers, 1.927-80 

1927 

Month Discharge Silt Month SiltDischarge I 
Acre-feet Tons Acre·feet Acre-feet Ton! IAcre- fett October________ December______118,000 178,670 117 713 1,630 ! 1

November_____ 362 34 0 Total____ 119,075 180, 334 1 ns 

1928 

t
lanuary________ 251 43 0 August_________ 14,800 25,440 i 17February______ September_____771 350 0 20,600 75,610 1 50March_________ October________2,810 14,250 9 30,900 15ApriL_________ 22,370 INovembw._____
May___________ Decofuber______ 

2,230 11,140 7 8,630 36,280 24 
108,000 199,840 131 5,730 14,920 10June___________ 48,100 105,000 69July____________ 2,290 5,910 4 TotaL ___ 245,112 511,153\ 336 

1929 

January________I Au!WSt.._______4,950 23,490 15 3,310 3,420 2February______ September_____179 15 0 17,500 30,340 20March_________ Ootober_______82, 400 333,400 2:9 06,800 18,880 12ApriL_________ November_____06,BOO 173,710 114 2,760 2, 260 1May___________ 
June___________ 

December______ 
luly____________ 280,000 69,120 

225,000 524,440 344 14,800 40,580 27 

45\ Total____25,900 72,100 47 770,399 1,291,755 846 
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TABLE 3r.-Silt dete1"t1t.matim13, Nueces River, Tlwee Rivers, 1921-.'10-(JQntd. 

1930 

:Month Discharge Silt .n. ~D_I 
Acre1m T01l8 Acrt-{ut Acre1;;- Ton. Acre1ut,January_______ 873 82 o j AugusL.______ 46 4 0Febl'Wll'Y______ o I September_____ 363 

.ApriL._________ 7,690 11.760 8t October________ 28,500 39,980 26 
Mareh______ 475 97 360 0 

50,800 168,730 111 November_____ 21,llOO 25,830 11May__________ 
210,000 206 December_____ 539 45 0 

,July____________ 209,000 31 
40 51°1,June__________ 

l29, 500 85 
42,000 34,680 23 Ii '1'otaL __ 572,386 725,678 476 

TABLE a8.-Bilt determinatWn8, Oolorado River of Tereas near Ban Baba, 1980 

Mondl Discharge Silt Month Discharge SlIt 

Acre·fett Tom Acrt-{eet Aere-Jeet 
October_______ 
:sept. (11-30) ___ 24,000 143,140 94 Dacember______ 75,000 343,220 225 

9U,OOO 4,204,830 2, 758 
,*!A_

November_____ '1'otaL ___31,100 3,200 2 1,071,100 4, 694, 480 3,079 

T_UlLE 39.-Silt determinatiolls, Ooloru(lo Ri.t·o}" of 'l'Greus, Tow, 1927-30 

192i 

Montll Discharge Silt Montll Discharge I SlIt 

Acre-fed Tons IAcre-fettOctober________ December______189,000 13,800 490 0804, 380 I 528 Au"'" ~ """'"' November_____ 15,400 640 0 '1'otaL ___ 218, llOO 805, 510 528 

1928 

Jauuaty________ August________11,400 330 0 133,000 433,350 284 
15,900 1,540 1 70,200 155, (3() 102September_____

October________i:~~~:::::: 12,000 830 1 19,100 3,760 2
November_____21,100 9,410 6 16,400 2,560 2sy___________~riL--------- December_____

248,000 1,855,970 1,217 16,000 3,~ 2.Tune___________j 159,000 870, 560 571July____________ '1'otaL173,000 1,087,460 713 896,000 4,424, 200 2, 901 

1929 

anuary________ August________15,200 2,620 2 4,720 56 0Febmary______ September_____10,100 670 0 111,000 671,770 ill1'.farel1_________ October________35,600 14,550 1.0 94, 100 470,170 308 
61,300 124,860 ~2 10,900 1,320 1November_____

J\_~ril-----------a ___________ December______y 322, 000 2, 445,390 1,604 8,550 430 0June___________ j 66,000 148, 830 98 
July------------l 22,500 4,010 3 761,970 3,8&4,676 2,549'1'otaL___ 

1930 

January________ August_________250 0 13,600 1,070 1
Febrnaty ______ 7,500 I September_____ 28,300 102, 990 

9,780 1,080 1 916,000 3,495,620 2,293
Marel1_________ 6,260 580 0 October________ 68 

~t1I___________ November_____220 0 34,600 3,050 2ay___________ December______5,630 I406,000 2,200,470 1,502 95,300 275,600 181
June___________1uly____________ 233,000 1,283,130 843 

'1'otaL ___7,500 13 0 1,763,490 7,456,073 4,891 
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TABLE 4O.-8ut determinatlons, Oolorado River of Te:eas, Columbus, 1930 

Month Discharge Silt Month DIscbarge Silt 

Acr~-fed Tona Acre-fed Acre-fed Tona Acre-fed
August (3-31)__ 19,2O!) 660 0 November , ____ 168,000 560,870 36SSeptember_____ December______50,300 19,360 13 274,000 825,410 Ml 

1,160,000 7,231,960 4, 744 
October________ 

TotaL___ 1,671,500 8,838,260 5,666 

1 Beginning Nov. 24, discharge records at Eagle Lake, Tex_, used_ 

TABLE 41_-Bilt determinatio1ls, Rio Grande, Roma, 1929-30 

1929 

:Month Discharge Silt Month Discharge Silt 

Acre-fed Acre-fed Tona Acre-fedTom Acre-fedI September_____March (26-31) __ 32,200 17,080 11 338,000 2,802,470 1,838
tf,riL.--------- 185,000 405,340 266 252,000 553,060 363October._______ay___________ 

326,000 November_____ 171,000 294,590 193 
184,000 321,660 211 192,000 467,050 306

1nne___________ I, 594, 050 I I, 0!6 December_____
1uly___________ 

240,000 I, 169, 860 767 
_~ugust-________ TotaL ___276,000 1,392, 130 913 2, 196, 200 9,017,290 5,914. 

1930 

1anuary________ August_________140,000 24,580 16 246,000 2,293,620 1,50+February______ September_____138,000 176,740 116 117,000 231,880 152March________ October________99,000 26,810 18 732,000 4,573,880 3,000April__________ 
223,000 1,947,290 1,277 November_____ 336,000 409.660 269May___________ 
406,000 3,578,820 2,347 December______ 213,000 42, 950 2S1une___________ 
595,000 3,940,640 2,585 
131,000 iI,260 47 3,382,000 17,318,120 11,359

1uly____________ TotaL___ 

TABLII: 42.-Silt aeterminatrono, Necke8 River, Rocklanil, 1990 

Month Discharge Silt Month Discharge Silt 

Acre-fed TOM Acre/ed Acre-fed Tom Acre·fed 
August (ll-31).- 3,600 150 0 November_____ 40,900 9,030 6
September_____ 7,020 140 0 December______ 230,000 26,050 IT
October____"___ 56,900 27,160 18 TotaL ___ 338,420 62,530 41 

TABLE 43.-Bilt determinatiolls, Rea River, Deni8on, 1930 

Month Discharge Silt Month Discharge SUt 

Acre-feet TOM Acre-fed Acre-jut TOM Acre-fed 
August (13-31)_ 35,700 1,810 1 November_____ 104,000 215,100 141September_____ 55,900 37,540 25 December___,,_ 498,000 4,010,860 2,630
October________ 602,000 5,503,630 3,610 

TotaL ___ 1,2911,600 9,768,940 6,407 , 

if 
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