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FOREWORD

From an cconomic standpoint, the Colorado River is probably the
most valuable single asset that is possessed by the Great Southwest. The
quality of its water is excellent, and the flow, if properly directed, is
sufficient to irrigate and to bring under cultivation, at least 3,000,000
acres of desert land. However, the river carries an enormous amounnt
of silt and clay.

Up to the present time, very few of the potential possibilities of
the river have been utilized. There iz already abundant evidence to
the effect that the handling of this silty water presents difficnlties that
will, in the future, tax the ingenuity of irrigation engineers. The silt
collects in the canals and must be removed by expensive methods; it
builds up the soils under irrigation, especially at the upper ends of the
borders, at a rapid rate, so that the land constantly requires releveling;
eventually it will raise the level of the land so high that it cannot be
reached by gravity water. Last, but not least, the silt covers the soil
2s a slightlv permeable layer or blanket, in varving thicknesses. This,
at first, upon sandy soils, may be beneficial, but as the silt blanket ac-
cumulates, it soon becomes so thick as to make cultivation very difficult
and the penetration of water exceedingly slow.

From the indications upon lands in the lower Colorado basin around
YVuma, which have been under irrigation only about twenty years it is
evident that some practical method of handling the silt must be found
kefore a permanent irrigation agriculture can hbe established in thie
valley. Tt will never be posible to desilt the water completely, but
some method of treating the silt in order to flocculate and render it
more permeable, is quite possible. These facts show the need of re-
search work upon the transportation and deposition of silt, for in great
undertakings of this kind an intelligent working hypothesis is the first
essential.

Fer many years irrigation engineers have been studying the silt~
carrying capacities of streams from the standpoint of the velocity of
the currents, and eimilar physical factors, but the relationship of the
quality or chemical composition of water to the quantity of silt that
a stream may carry, apparently has been largely overlooked.

Soils are either flocculated or deflocculated depending mpon whether
or not sodium, in replaceable form, is present in the soil zeolites. Soils
whose zeolites are completely satisfied with calcium, and contzin no re-
placeable sodium (normal soils), are flocenlated. They take water readily
and, if shaken with a large volume of water, settle quickly. On the
other hand, soils containing basic sodiom compounds or sodium zeolites



are defloccnlated.  They are impervious to water and, if shaken with
an excess of it, do not setile out, but remain in suspension almost in-
detmitely, Thus, irrigation waters that contain an excess of soluble
calciom flocculate the soils to which they may be applied, while “woft”
waters (those containing basic sodium compounds in solution) defloccu-
Jate and disperse soils to which they may be added.

"The data presented in this bulletin show that soil dispersion and silt
{or clay) transportation by streams are closely allied phenomena, and
that oftentimes the solutes present in the water of a stream exert as
great an influence upon its silt-carrying capacity as do the velocity of
the current and other physical factors.

This builetin iz the result of a rather extensive scries of il and
soil studies with Colorade River water, which have been carried on in
the Agricultural Chemistry laboratories of the University of Arizon:
during the past 234 years. This work shows the necesity of such
stadies where heavy silt loads are enconntered in streams to be used for
irrigation purposes.

PAUL 5. BURGESS,
Aerienltural Chemist,
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A STUDY OF THE COLORADO RIVER
SILT

By J. F. Brrarranr

INTRODUCTION

The term silt, as applied to the sediment that is carried in smspension
by the water of the Celorado River, must not be misunderstood. The
sediment is nor true silt, but consists mainly of clay particles so finely
divided at times as to be partly colloidal. The term silt, however, will
be used in this discussion.

The Colorado River is nearly always muddy. The silt in the water
as it comes into the lateral irrigation ditches at the Yuma Experiment
Station Farm, varies from about 2 percent during certzin food times,
to about .0l percent or less, at extreme low water. It will he wen
that an encrmous amount of silt is thus brooght down annually aand
spread cut upon the land under irrigation. The total amount of silt
that is brought down annually by the river has been estimated by many
investigators. Forbes, for example, in 1900, determined the amount
to be in the neighborhood of 61,000,000 tons, or encugh to make 53
square miles of alluvial soil 1 foot deep*

When sandy soils are first placed under irrigation, the addition of
this silt is beneficizl, but the time may come when the percentage of
sediment may reach a point where it is injuricus to the soil. The silt
also clogs the irrigation ditches, and hence entails considerable expense
to farmers. In many other ways the silt offers serious problems to the
irrigation engineer,

The alluvial lands in the lower Yuma Valley of Arizona, and =
great area in the Imperial Valley of California, were formed during
past ages by the silt that was brought down by the Colorade and Gila
rivers. ‘The Gila, however, flows in appreciable amounts at flood times
only, and the total amount of silt that is brought down by this river
is small in comparison with that bronght down by the Colorade. We
can aafelv assume that most of the soil of these two valleys was brought
down by the Colorade River.

The Colorade, in its upper basin, receives the drainage of the Grand
and the Green rivers and of many smaller streams. During the winter
months this mountainous territory is covered with sow and there is
little runoff, but in the spring the snow melts and 2 great volume of
flood water comes down the river bringing with it the sediment thar
it has eroded from the mountain canyons. About the time that the flood

*Ariz. Agri. Exper. Sta. Bull. No. 44: River Frrigating Waters of Arizons, their
Character and Effects, R. H. Forbes, 1902,
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waters from the northern drainage basin begin to subside, the summer
rains in northern Arizona and New Mexico commence, and periodic
floods are again poured into the Colorade from the San Juan and the
Little Colorado rivers, These bring with them the sediments that have
been eroded from the bad-lands and from the Painted Desert in their
basine. At Yuma, Arizona, the Colorado is joined by the Gila, which
s sometimes referred to as the “muddiest stream in the world,” b
except at very high water, it seldom reaches the Colorado with its silt load.

It will thus be seen that the Colorado River silt is derived either from
the canyon country far to the north, or from the bad-lands and painted
deserts of the south. In either case, especially the latter, the soil from
which the silt is derived might be expected to be colleidal and dispersed.

The soils of the lower basin of the Colorado are often deflocculated
or dispersed. The fresh silt that is now being brought down and spread
out over the land or deposited along the irrigation ditches, is badly
dispersed. However, if 2 large amount of gypsum is added to the dix
persed soils of the valley, they become flocculated, and if gypsum is added
to the muddy waters of the Colorado, the silt is also flocculated and it will
settle readily. It is reasonable to assme, therefore, that if the river itelf
had 1 sufficient amount of gypsum in solution, the silt would be floccu-
lated and would not be carried in suspension. In such a case the river
would either never pick up its load or else the silt would be deposited
at its head waters or at places along the course where the spead of the
current is appreciably checked.

In many ways the Coloradd River silt, as it it defivered in the lower
basin, shows signs of being dispersed, that is, the colloidal particles
seem to be carrying negative charges. When the dry «ilt is shaken with
water, it will remain suspended and wsnally will not settle for a long
time. If pure water is used, the solution will show a pink color upon
the addition of phenolphthalein, indicating the presence of an excem
of hydroxyl jons. When the silt js purified by repeated washings with
distilied water, and then shaken with pure water it will continue to
give an alkaline reaction with phenolphthalein. When the silt i ob-
tained dry, and treated with a strong solution of gypsum, it is focculated
and settles rapidly, hut when the excess of gypsum is removed by repeated
washings, the silt will again become dispersed, and will give an alkaline
reaction with phenolphthalein in much the same way as did the untreated
silt. It must be remembered that the silt was transported 2 long dis
tance in, and was laid down from the Colorade River water, which,
during a greater part of the year, contzins an excess of gypsum. The
dry silt upon washing, gives 2 filtrate that contains some gypsum, yst
the silt, when shaken with pure water, gives a solution that contains
an appreciable amount of hydroxyl joms. The silt, it is trae, contains
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swome calcium and, in the abeence of carbon dioaide, thi~ would ghe
soine hydroayl ions to the solutien. There is es erv indicaiion, however,
that the solutions of the silt In distilled warer contain hidronil jons
that ate asoclated with sodium iens. Dr. Paunl 8. Burges, in his work
with the soil~ that have been deposited apon the Yuma Mesa, has found
thiz to be the cae.

The It a- it appears in the irrigation ditches in the lowa Colorado
bain s cerfainly dispersed, ind this diepersion has heen brought atout
largels by the following factors:  First, the s0il from which the silt i
derived, a~ it exists s ify upon the northern plateaus is collnidal and
disperced, ne change having been brought about in tts condidon by the
wawer i1 the coure of its transpoitation; and second, the -ilt i< -orig-
inally flocculared, but ar vimes the quality of the water i+ wueh as to
bring about defloceulation.

THE STLT-CARRYING CAPACITY OF A RIVER AS INFLU-
ENCED BY COLLOIDAL DISPERSION

The current of the Colorado River is rapid, and this is a great factor
in the movement of «ilt, but there are other factors in this silt mos ement
that seem to be awociated with colloidal disperdon.  The ilt-carsving
capacinn. of a gream i determined largely by the velocity of the current
at the slowes point in ite coure, TIf the velocitr of the current is
doubled, its «ilt-carrving capacity is muldplied by 32, while the maxi-
mum cize of the particles that may he removed by the current i~ multi-
plied by 64. Doubling the velocity of the stream would be equivalent o
dividing the «lt particles into 64 parte. When clays are focculated, the
individual particles are fairly large, but when the same clavs are dispersed
each particle splits inte a great number of other particles, sometimes so
small 25 to be colloidal. A colloidal particle may be as small as one-
millionth of a millimeter in diameter, so it is evident that the division
brought abaut by dispersion may be infinitely great. In manv instances,
therefore, the size of the particle may amount to a great deal more than
the speed of the current, in the consideration of the silt-carrying capacity

of the stream.
CLASSIFICATION OF THE SILT LOAD

According te Mr. Porter ]. Preston, Superintendent of the Yuma
Irrigation  Project, the material that is carried by the Colorado River
may be divided into two classes: First, the bed-load, or that part of the
silt that tends to settle readily, or to move with the lower strata of
water; and, second, the suspended load, or that part of the silt that
does not settle rapidly when the velocity of the current is checked.

The speed of settling of it is a good index of its state of dispersion,
the greater the dispersion the more slowly the silt will settle. The
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heavier part of the bed-load may be only slightly dispersed or it may
even be flocculated, while the suspended load may be highly dispersed.
The suspended load is the silt that usually gets into the irrigation lat-
erals, and is of the most concern to the farmers,

If a river is flowing at a certain velocity, with 2 maximum load of
suspended silt, a slight change i the velocity of the water may oceur
that may precipitate a part of the suspended material which will then
settle and the river may thereafter caryy only a fraction of a load, The
reverse of this also Is true, the river may be carrying only one-half of
a saspended load, and one-half of a bed-lead, and 2 change in the
quality of the water may bring about a partial dispersion of the bed-
load which may convert it into a suspended load. Even if the velocity
of the river Is maintained at 2 fixed rate, there i3 no doubt 2 constant
adjustment between the bed and the suspended loads,

Dispersion is concerned with the reduction of the size of particles,
and the size of particles is of the utmost consideration in the transporta-
tion and redeposition of silt.

THE DISPERSION OF S0IL COLLOIDS

The siit as it foats in the Colorado River is soil in motion, and no
doubt it possesses many of the properties that it originally had before
it was distorbed by erosion upon the high plateaus of Colorado, tah,
and Wyoming, or npon the desert bad-lands of northern Arizona and
New Mezico. In z i, the clay fraction is composed largely of hydrated
stlicates, or alomino-silicates, in combination with either the bases cal-
cium and magnesium on the one hand, or sodium and potassium on the
other, For want of a better name, these silicates are termed zeolites,

In 2 normal and nentral soil, the zeolites exist as calclum and mag-
nesium compounds, and such soils are usually flocculated and will take
water readily. If such soils are lifted by moving water they will seftle
rapidly, and will not be transported a long distance, except when the
water is moving swiftly. Lf, however, the zcolites exist in combination
with sodivm or potasium, the soils or clays are deflocculated, and are
usually impermeable or slightly permeable to water. When lifred by
water such soils disperse themselves in the solution, settle very slowly,
and shay be transported long distances.

One of the distinctive features of these soil-zeclites is that the bases
calcium, magnesinm, sodinm, and potassium, are easily replaced one by
the other. If a flocenlated and permesble soil, containing calcium zeolite,
is leached with a solution contsining any soluble sodium salt, sodinm
chloride for example, the calcium is replaced and becomes calcinm chlo-
ride, and is leached out, while the sodium enters into combination with
the silicate and remains in the i, Under such conditions the soil mzy



4 SFUDY OF THE COLORADO RIVER SILS 134

become impermeable and dispered.  If the soil is now treated with a
solution of caleium sulphaie, the -odium in turn is replaced by the cal-
cium, and the <oil will become flocculated and permeable.  Sach an ex-
change of bases mav be continued Indefinitely,

Aot western ~oily, At ance time or another, have come in contact with
either sodium chlotide or wnlivm eulphate. Thece salts have replaced
the caloum and magnesiom and the zeolites now enist 1@ sodium salts.
Ar long a- an excess of a -oluble sedium salt is present, the -oil will
remain flocculated, but upon leaching with pore water, 'ain, or melted
snow, the woils become dispersed,

Lot 0 awume that such woils that have been leached with pure water
until they are practicalls free from <oluble salts, and have become dis-
persed, are lifted by apidly moving water, and are brought inte the
rivar channel as <lt.

{.ike all other chemical reictions the eachange of bases in zeolites is
influenced by the concentration of the leaching solution. The stronger
the solntion, the more rapid and the more effective will be the replace-
ment. When the dispersed =ilt, containing sodium zeolite, reaches the
main channe]l of the Colorado River, it comes in contact with calcinm,
in amounts that vary with the floods. If the concentration of caleium
is relatively high, the reaction upon the sodium zeolite mav be pro-
nounced, and the sodium may be largely replaced by the caleivm. If,
however, the concentration of calcium in the river is low, very little
replacement of the swodium in the zeolite may be expected. S0 it seems
that the replacement of the sodium jons in the zeolites of the dispersed
silts, and their consequent precipitation is largely’ a function of the con-
centration of calcium in the solutions,

But the sodium zeolites are only slightly soluble in water, and in
all probahility the replacement of the sodium ion by calcinm will go
s far and no farther, and that, even though the concentration of cal-
cium in the river water is at ir= highest, a small amount of sodium
zeolite will «till remain in the silt. If base replacement is an ordinary
chemical reaction, as it seems to be, the reaction between calcium and
sodium can go no farther than that represented by the ionization of the
sodium zeolite. If the Ilonization of the zeolite is checked, or forced
back, by any other wlt in the solution, the ionized sodium zeolite is,
for the time being, nsoluble and inert, and the dispersed silt may be
fAocculated, and become either a bed-load or be dropped from suspension
aliogether. If, however, the salt that is forcing back the ionizatien is
removed from solution or if its concentration is decressed by dilution,
as in the Colorade River at flood time, the sodium zeolite will again
hydrolize and ionize, manifest jtself as a dispersed colloid, and become
a suspended load of silt,
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The phenomenon sbove described is shown in the nheatment of the
silt in the laboratory. When flocculated with a strong solution of ¢al-
cium sulphate and washed with distilled water until free from sulphates,
the silt will again become deflocculated, and will give an alkaline reac-
tion if an excessive amount of water is added to it

Any salt that tends to prevent the hydrolysis of the alkaline sodium
salts, sodium carbonate and the sodium zeolites, and their subsequem
ionization, will also tend to prevent soil dispersion. The Colorado River
water sometimes contains considerable amounts of sodium snlphate and
sodinm chloride. These salis tend to focculate silt, and their action
will be discussed later, but it may be said here, that, In the case of
these two sodium salts, the flocculating effeet probably is partly brought
zbout by the introduction of a common jon, Na, in the sclution, in 1
concentration sufficient to force back the ionization of a less soluble
sodinm salt, sodinm zeolite. The relative insolubility of the sodium
zeolite, and the small amount of the jonized product necessary in the
solution for the dispersion of the colloids, seems to indicate that this
forcing back process may be a relatively easy task. There are other
reasons for the flocenlation of colloids that are not at all well under-

stood.
REPLACEABLE BASES IN COLORADO RIVER SILT

The silt, as it ig deposited in the lower basin of the Colorade, 1s 2
mizture of material coming from many sources, and no definite com-
position can be attributed to #t. From a practical standpoint, however,
the mixture hes a fairly definite behavior, and the following messure-
ments of its replaceable bases may be considered as representative.

One hundred grams of dry silt were shaken with 1000 c.c. of carbon-
dioxide-free water, and the mixture allowed to come to equilibrium.
The solution upon analysis was found to contain a total amount of .023
gram of calcium, and no magnesium. This amount of calcium repre-
sents the soluble salts in the solution and not the replaceable salts in
the silt,

A large smmple of silt was washed with distilled water until prac-
tically free from sll soluble szlts, sodium chloride, sodium sulphate,
calcium sulphate, atc. The silt was dried and finely ground. Cne
hundred grams of the silt were shaken with 1000 c.c, of saturated soln-
tion of gypsam and the mixtore was allowed to stand until the silt set-
tled. The silt was flocenlated by the gypsum.

Upon. analysis it was found that a total of 0430 gram of magnesiom,
and a total of 0315 gram of sodium and potassium (figured as sodinm)
had been replaced by the calcium, and had appesred in the solution.

One hondred grams of the washed silt were shaken with 1000 cc.,
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of one-tenth normal solution of barium chloride, and the solution an-
alyzed for the bases replaced. A total of .200 gram of caleiam, .050
gram of magnesium, and .0251 gram of sodium and potasium (figured
a3 sodium) was found in solution.

A high percentage of replacesble calcium was expected, as the river
water contams gvpsum, and this no doubt replaces & larger part of the
sodium in the zeolites before the silt is deposited. No magnesium ap-
peared in the water extract of the untreated silt, but, when the washed
st was extracted with a saturated solution of gypsum, 100 grams of
silt yielded .0430 gram of magnesium. An equivalent amount of cal-
cium was removed from the solution and was fixed by the soil,

The most Interesting feature of these determinations, however, is
the fact that the washed siic containg an apprecisble amount of replace-
able sodium. This replaceable sodium is the sodium that exists in com-
bination as a zeolite, and it is the sodium zeclite that is dispersing the
silt. The Colorade River silt, although it floats in suspension in a gyp-
sum solution, contains an appreciable amount of sodium that has not been
replaced by the calcium that 13 carried in the water.

PHYSICAL CHARACTER OF THE SOIL

According to Forbes, the silt that is brought down from the moun-
tainous country by the spring floods is reddish-gray in color, while that
brought down by the 8an Juan and Little Colorade rivers contzins vellow
and red material. We are told that the Painted Desert shows all the
colors of the spectrum except green. ‘The character of the silt used in
this replacement work indicated its origin w be in the northern part
of Arizona or New Mexico.

A set of soil samples was obtained recently from different depths in
Chaco Canyon, New Mexico, and determinations of replaceable calcium
and replaceable sodium were made upon them. The canyon drains into
the San Juan, and its erosion furnishes a part of the silt that in the late
summer appears in the Jower basin of the Colorado.

TABLE NO. I—TOTAL GRAMS OF REPLACEABLE CALCIUM, AND RE-
PLACEABLE SODIUM IN 100 GRAMS CHACO CANYON SOIL

Na. Replazeable calcrum Replaceable sodium
1. 447 gram 1380 gram

2. 3i4 gram 0747 gram

kN 355 gram 0747 gram

4, 425 gram {0368 gram

5 464 gram Q0770 gram.

6. 527 gram L0563 gram

These soils were badly dispersed, were almost impermeable to water,
and when shaken with distilled water, the finer particles remained in
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suepenvion for weeks. o will be seen that the soils contain a relatively high
percentage of replaceable calcium and a considerable amount of replace-
able sodium. I many ways these soils had characters thar were analagous
to the Colorada Rner silt.  All the soils contained a small amount of
calcium carbonate. One weuld judge from their chemical composition
and physical characters that they had probably originally been normal
soils, or soils that contained only calcium zeolites, but that they had at
some time come in contict with sodium chioride or sodium suiphate,
which had replaced with sodium much, if not all, of the calcium in the
zeolite. ‘The wils then were probably leached with fairly pure water,
or eroded and redeposited by pure or rain water, and the sodiom salts,
sodinum chleride, and sedium sulphate removed. Upen removal of the
solable sodium salts, the sodium zeolite began to hydrolyze, and a part
of the sodium ions was removed by leaching. As fast a4 a sodium ion
was thus removed, a caleium ion from the slightly soluble calcium car-
bonate took its plice, and this reaction proceeded until the impermea-
bilitr of the soil that was brought shout by this resction practically put
a stop to the penetration of water, and, of course, put an end to the
replacement process. The author has shown that in the black alkali
soils of the Rillite Valley, near Tucson, Arizons, the above deseribed
reaction between sodium zeolites and calefum carbonate does take place.
It has also been shown that the most dispersed soils are wsually these
that contain a relatively small amount of replaceable sedium and a large
excess of replacesble calciom,

It has been the evperience of Mr. Porter §. Preston, that, when cer-
tain tributaries of the Colorade, particnlarly the San Juan and Little
Colorado, arc in flued, the silt is brought down in greater amounts than
at other times, and th'tt this silt seitles less r.lpld]\ than does that brought
down when the Grand and Green rivers are in flood. ‘This is no doubt
due largely to the fact that the flonds of the Grand and Green are
caused by melting wnow, while the fioods of the San Juan and Little
Colorado are cawsed by torrential rains upon desert bad-lands. The
melting of snow is a relatively slow process and the wils in the moun-
tainous counmry are better protected by vegetation, are probably not so
badly dispersed, and are not so easily croded a< are those of the bad-
linds.  Aside from the influence of the quality of the Colorado River
water at different periods of the vear, as will be discussed later, the
settling power of these two kinds of silt is inherent in the character
of the soils before ther were croded. The uilt, derived from such
wil as thowe from Chaco Canyen, will never settle readily unless it
comes in contact with some flocculating agent.  Such silt has been eroded
and redeposited probably many times before it is finally taken up for its
journey down the Colomdo,
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The presence of growing vegetation has a tendency to keep the soil
fiocculated and open.  Any kind of organic matter in the soil, and an
setive bacterial growth have the same effect.  Barren colls are often
dispersed,  The origin of much of the silt in the Colorado River is
from an area that has little or no vegetable cover, an area that is barren,
and one that for ages hae been sbjected to leaching with pure or rain
water.

If two different kinds of silts, one from the momntinous country,
and the other from the bad-lands, were eroded by the same kind of
water, and both were subjected to the action of the ssme water in the
river in transit, they would probably settle, not with the same but with
2lmost equal rapidity, but the quality of the water in the river changes
with the fleod, and the concentration and quality of slts in selution
depend upon whether the water comes from pure mountain streams or
from alkaline desert flats.

QUALITY OF THY COLORADO RIVER WATER

During the wvear, the total salt content of the Colorade River water
varies from about 200 parts per million during the high floods of My
and June, to about 1500 parts per millien at low water in February and
March. The calvium content varies from about 30 to [73 parts per
miilien, while the sulphate {80} varies from about 85 to 600 parts
per million. 1t i a significant fact that when the calcium content is
highest, the river carries very little silt, and that when the caleium con-
tent is lowest the river carries a heavy load. While this may be due
largely to the inerease in velactty at fleod time, and to other physical
factors, the quality of the water certainly plavs an important part in
the movement of the silt,

The Colarada River water ks wsnally classified as 2 gypsum water, that
is, It Is supposed to have a permanent hardness. This is true for the greater
part of the vear but, contrary to the general belief, it does not always
carry an excess of gypsum, but it mar be nentral or it may even carry
a slight exeess of blach alkali®*  An average of three weekly analyse.,
made during a high flood, June 25, July 2, and July 8, 1923, is given
in Table Ne. IL

TABLE No. IL—ANALYSIS OF COLORADO RIVER WATER DURING
SUMMER FLOGD.

Totid soluble salts __ . [P w306 parte per million
Calciun (Ca) . .. e e e 18 purts per million
Magnesium (Mg). e e aie e e § paits per million
Carbonates (Cos) .. . .. ... . Trace

Bicarbonates (HCOas). -. . .o . 168 parts per million
Chlorine (CI) .. . o . [ e eemwwenw . F2 parts per million
Sulphates {504) 84 parte per million
-1 I e w e 4300 parts per million

*Ariz, Agrl. Exper. Sta. Bull. No. 44+ River Irrigating Watera of Arizona, their
Character and Effects, R. H. Forbes, 1902,
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When water contzining such z mixmre of salts is evaporated, the
calcium and magnesivm in solution nnjte with the carbonate or bicar-
bonate, and precipitate out ay caleium and magnesium carbonates. If
the calcium and magnesium exist in excess of the amount required to
precipitate fully the carbonate, the remaining calcium will unite with
some other acid radical, 8o, for example, and then become calcivm sul-
phate. A water with an excess of calcium and magnesium over the car-
bonates is said to have a permanent hardness,

But the percentage of gypsum does not represent the only active form
of calaum, Nearly all the western, upland soils are calcareous, Calcinm
carbonate is only slightly soluble in water, but the presence of carbon
dioxide increnses its solubility greatly, so in the rivers of the West,
we always have 1 certain amount of calcinm appearing in solution as
caleium bicarbonate. Upon evaporation this calcium gives up its carbon
dioxide and goes out of solution as calcium carbonate, The same phe-
nomenon i true with magnesiom.

A water containing caleinm and magnesium as  bicarbonates, is said
to have o temperary hardnes. The calcium and magnesium that exist
as bicarbonates are just as effective in replacing the sodiuvm in the zeolites,
that s, in fHocculating colloids, as an equal concentration of calcium sul-
phate or magnesium sulphate, but the bicarbonates have no effect in
neuntralizing sodium carbonate or black alkali.

If, upon evaporation, a water does not contain enough of calcium
and magnesium to neatralize all the carbonates, there will be some car-
bonate ions left in solution and these will come out, as evaporation pro-
ceeds, as sodium and potassium carbonates. Such a water is said to be
soft, that is, it contains black aikali. The calcium and magnesium con-
tent of the Colorade River water during the period represented in Tiable
Ne. I, was 38 parts per million of calcium, and 8 parts per million of
magnesivm. This was sufficient to neutralize only 156 out of 168 parts
per million of bicarbonates, which left a small amount, 12 parts per

.million, of HCO, in sclution. These analyses represent the quality
of the Colorado River water at Laguna Dam, and before it was mixed
with the water of the Gila River.

The amount of black alkali that was contained in the water during
this flood period was very small, it is true, but it is well known that
an exceedingly small amount of black alkali may canse the dispersion of
colloids. At every sammer floed, the amonnt of calciom in solation
gets very low, 40 to 60 parts per million, and during each of these
periods the river water contains very little, if any, calcium In excess
of the amount necessary to precipitate the carbonates, that is, the water
at these periods has little temporary hardness and little or na permanent
hardness. The silt-load of the river at this flood is usually not very
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great, but the water probably carries a greater part of the silt that was
eroded, vet this may not he necarly encugh to make 2 maximum load.

As a martter of comparison the average analyses of the Colorade River
water at extreme low water, for 3 weeks, Januarv 10, 20, and 26, 1925,
are given.

TABLE No. III—ANALYSIS OF THE CO!.._ORADO RIVER, AT LOW WATER.

Total soluble salts O ~ 1493 parts per miilien
Caleium (Ca)ueeres © - - .- 148 parts per million
Magnestum  (Mg)aees L 39 parte per million
Carbonates  {COx) — 24 parts per million
Bicarbonates {(HCO:) 232 parts per million

Chlorine {Cly. .o . o . .._:.._._. .. . 252 parts per million
Sulphates (804) e .o . 308 parts per million
51§ S— E— —- Trace

At this period of flow it is evident that there is a considerable excess
of caleium and magnesium over carbonate. The water has 2 temporary
hardness and a decided permanent hardness, and the river at this period
carries very little silt.  When | gram of dry silt was shaken with this
water the silt setzled rapidly.

It Ras been the experience of Mr. Porter ]. Preston that the silty
material is likely to be carried for a considerable period after the actual
flood has passed, and that the stream in its low stages Is constantly trans-
porting material down-stream that may have been eroded and brought
part of the way down by a former flood and lodged along the chaanel.
The water, the analysis of which is shown in Table No. I1I, was derived
largely from the groundwaters zlong the course, particularly from the
groundwaters on either side of the Grand Canyon, which came into the
channel by seepage. Such a water wonld probably not hold any silt in
saspension for z very long period, so it seems as theugh what litde silt
the river carried at this low-water peried was not eroded by this water
but that the silt was eroded and brought partly down-stream by a former
flood, and that it was being carried as a bed-load.

In Seprember, 1923, a great rain occurred upon the Painted Desert
of northern Arizona and the Little Colorado went nto flood stage. The
analysis of this flood water as it appeared at Yuma, September 26, is
shown in Table No, 1V.

TABLE No. IV.—ANALYSIS OF THE COLORADO RIVER WATER DURING
SEPTEMRER FLOOD.

Total solubls solids
Caleium (Ca) .

820 pars per million
108 parts per million
Magnesium (Mg} 16 parts per million
Carbonatez (COu) - e - 0 parts per million
Bicarbonates {HCOz) . . . . e e - 192 parts per millien
Chlovine (Cl) - e e e e e 98 parts per million
Sulphates (SCh). ... .. .. . .. I 288 parts per million
Silr . e e e 22,920 parts per million
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It will be seen that the calcium and magnesium content of the watar
existed as both temporarv and permanent hardness.  The percentage of
calcium and magnesinm 1 also considerably higher than that during the
spring flood, but lower than that ar extreme low water. The river at
this peried carried a verr heave load of silt which settled very slowly,
Had this silt been eroded by the water whose analvis is Jhown in Table
No. Il, it would have settled verv rapidiy.

Thue, it seems that, while the quality of the water plats an Important
part in the transportation of it, it i <ometimes difficult to tell from
chemical analvses which of two waters will carry the heavier load, un-
less we know something of the nature of the silt that has been eroded,

Unguestionably the percentage of calcium in solution is the most im-
portant factor in the flocculation of silt, but there are other reactions
that take place in the solution that either add to or reduce its effective.
ness.  These reactions will now be discused brieffy,

It has been hown* recently that, if a solution of sedium carbonate
is prepared, and gypsum is added to the wolution in increasing amounts,
the sodium carbonate will be ncutralized gradually, and that calcium
carbonate will be thrown cut of solution. This reaction, however, does
not ron to a finish, since the amount of wdium carbonate may be re-
duced to a concentration of about 23 parts per million, but no lower,
and this 2mount of black alkali will persist in the solution even in the
presence of a uturated solution of gypsum, if no carbon dioxide is present.

While the Colorado River, for the greater part of the year, coutains
a considerable excess of gyvpsum, at the same time the water will often
give 2 strong, allaline reaction with phenvlphthalein, indicating the pres-
ence of hydroxyl fons in solution, This color with phenolphthalein ap-
pears at extreme low water, when there is unquestionably a large excess
of pypsum in sofution. It is true that the silt contains a certain amount
of calcium carbonate, and in the whsence of carbon dioxide this would
give a swlution containing hydroxyl ions. The water of the river, how-
ever, is in equilibrium with the air, and there is always enough carbon
dioxide in the air to prevent the calcium carbonate in solution from
showing color with phenolphthalein. The color seems to be due, in part
at least, to the hydrolysis of sodium carbonate or sodium zeolite.

The suspended load of silt would not be in its present condition had
it not come in contact with some dispersing agent. Ir might have dome
this before it was eroded, but it looks 2s if there is enough sodium car
bonate (or sodinm hydroxide) in the water,- the presence of which is
often masked by the excess of gvpsum, to hold the silt in suspension,

*Breazeale, . F. & Burgess, P. § Techmical Bulletin No. 6, Arizona Agricultural
Ezxperiment St.ation,
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and thar, encept it extieme low water, there i» pever enough sypsum
in solution to overcome the effect of the hvdrolyzed sodium salt.

The Colorado River is formed by the union of many streams, and
no doubt many of these rributaries carry an ewcess of caleium sulphate,
while others carri an  excew of black alkali. When one stream that
carries gipsum, unites with another stream that carrie black alkali, some
of the czlcium mav even be precipitated as calcium carbonate, and, if
the concentration of gypsum iz gieat enough, the precipitation may be
fairly complere. Usnally, however, the concentration is low and the
greater part of both the gypsum and black alkeli will be held in solution,
and in this case the presence of the black alkali may be masked by the
excess of gypsum. The black alkali may then disperse the colloids, or
it may hold the colloids in suspension that are alreadv dispersed, and
the stream may carry a heavy load of silt in spite of its gypsum content,

Suppose that the colloids in the silt load were dispersed while the
soil lay #m sitw, or that they were dispersed by the black alkali of the
streams in the headwaters. In either case the zeolites would be com-
bined partly with sodium. [If 2 stream carrying gypsum but ne black
alkali, emptied into the river, equilibrium would scon be established
and a certain part of the zeolites wonld become calcium salts and would
be flocculated and precipitated out. The heavier part of the silt-load
would, therefore, be the first to go out, while the lighter fraction would
be carried on down the river to the lower basin or even to the Gulf
of California. Many steams bring gypsum into the Colorado, but the
amount thus brought in is not sufficlent ro coagulate all of the dispersed
colloids, or else they would not appear in the lower river basin. We
shonld expect the sediment that is deposited in the valleys in the head-
waters of the Colorado to be more granular and less dispersed than that
brought down and spread out in the valleys of the lower basin.

Owing to the difference in the quality of the water of the tributaries,
the quality of the water of the Colerado may change many times in
its flow from its source to its mouth. This phenomenon of 2 sudden
change in the reaction of rivers is common in the West, and in the
groundwaters of river basins. This change in the quality of the water
may cause a precipitation of silt at any point along the courss of the
river, and often it may explain why certzin materfals are laid down as
the valley fill at certain places, and why different materials are laid
down at other places.

ABSORPTION OF ALKALI BY COLLOIDS

It is a well-known fact that when an alkali, sodinm hydroxide for
example, is brought in contact with colloidal or say fine material, a
part of the alkali will be absorbed and tenaciously held upon the snrface
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of the solid particle. If an alkali b once thus abworbed, it 1 wometimes
exceedingly difficult to remove it by washing.

A large sample of Colorade River atlt was collected from the edge
of an irrigation canal near Yuma, Arizona, and the slt was repeatedly
washed with distilled water and fltered by means of a porous filter until
it was practically free from soluble -alts, particulaly gypsum. It was
then dried and ground into fine powder. One gram of the silt was
then placed in each of seren tubes, wnd 100 cc. of odium hvdiovid
solution, of the concentrations shown in Table No. V, were added to
each tube. The tubes were stoppered, shzhen, and zllowed 10 stand for
24 houry, and then titrated for sodium hydrovide. In Table No. ¥
are given the concentrations of the sulutions before and after standing
in contact with the silt, and the pats por million of OH that were
removed from the solution by the silt.

TABLE No. V—ARSORPTION OF Qi{ FROM SOLLUTIONS OF N:iOH BY
COLORADO R:VER 3ILT.

i OH as NaQH O} as N1OH tuund QI} abnorbed by
Ne '[ added atter 24 huurs ' 1 gramy of a1t
1. | 400 p.p.m ppm Yppm
2. B0ppm ppm I 5p pom
3. M0p.p-m 286 p.p.m : 14 p.p m.
4. I p.p.m 23 ppm | 19p p m.
5. 260 p. p. m. 142 p.p.m : 18npm

The amount of OH ion absorbed by the +ilt seems to be about the
same in zll concentrations used and, unles other factors interfere, this
amount is sufficient to disperse collolds, It seems that the Colorade
River silt, even if it had been flocculated when first eroded, if it had
come in contact with blach alkali anywhere along it~ couree, would hve
taken on sodinm ions and would have become dispereed.

EFFECT OF THE HYDROXIDES OF SODIUM, POTASSIUM,
AND CALCIUM IN FLOCCULATING COLO-
RADO RIVER SILT

It ie well known that black alkali will either flocculate or deflocculate
a soil, depending upon the amount of alkali present, the lower concen-
trations tend to deflocculate, while the higher concentrations tend to
flocculate the colloidal material. A wil that is badly impregnated with
black alkali may, therefore, be permesble to water until a part of this
alkali is removed. It must be remembered that sodium carbonate itself,
that is, the alkali that is not hydrolyzed, is probably more or less inert,
certainly the salt itself is not a dispersing agent. [t requires the presence
of water and subsequent hydrolysis, with the formation of sodinm hy-
droxide, before dispersion can take place. Both sodium hydroxide and
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porassium hydroxide possess the property of either dispersing or coagu-
lating colloidal material. In order to cbtin a comparison between these
alkalies the following experiment was conducted.

One gram of Colorado River silt was placed in each of several tubes,
and 50 cc. each of solutions of sodium hydroxide and potassium hy-
droxide were added to the tubes, The tubes were corked, shaken, and
allowed to stand over-night. The approximate concentration of these
two alkalies that was required to flocculate the silt and to cawse the solu-
tions to settle clear, is shown in Table Ne. VI, In order to bring oat the
comparison more clearly the concentration of alkali is expressed in terms
of OH,

TABLE No. VL—EFFECT OF SODIUM HYDROXIDE AND POTASSIUM
HYDROXIDE UPON COLORADO RIVER SILT.

OH as NaOH Effect upen i OH as KOH Effect upon
Ne. 2dded sl | added silt
1. Op p.m. Disperaed [ Op p.m. Disperaed
2.1 S0p. pom. Dispersed $0p.p-m. Dispersed
3 100 p. p. m. X Dispersed 100 p. p. m Diisperaed
4 150 p. p. m. Dispersed 150 p. p. m. Flocculated
. 0' 200p.p.m Dispersed 200p.p.m. |  Flocculated
6. 250 p. p. m. Dispersed 250 p.p. m. Floceulated
7. 1 300p.pm Floeculated 300 p.p.m. |  Flocenlated
8. 350 p. p. m. Flocoulated | 350y p.m- Floceulated
9, 400 p. p. m. Flocculated | 400 p.p.m. Floceulated

This manner of determining the flocculating point of sift is not pre-
tented as 2 method that is applicable te all conditions, neither is any
great degree of accuracy claimed for it. It can only be considered is
accurate in 2 comparison with a control. It czn be said, however, that
under the conditiont of this experiment, the Colorado River «ilt was
floccnlated at and above concentrations of about 250 to 300 parts per
million of OH 28 NaOH and that the silt was flocculated at and zbove
concentrations of from 100 to 150 parts per million of OH s KOH.
If the basic jons, sodinm and potasinm, were alone concerned in the
dispersion of the colloids, there would be a relation existing between
these flocenlating points very much like that just guoted, or in propor-
tion to their atomic weights, 23 sodium : 39 potassium.

In the next experiment, the effect of calciom hydroxide and barium
hydroxide upon Colorado River silt was determined in the manner just
described, Boiled water was nsed and every care was taken to keep the
catbon dioxide ott of the solution. The resnlts are given in Table
Ne, VIL b

As in the case of the sodium hydroxide solutions, some of the alkali
was removed from solution by the silt. In the solutions contzining 100
parts per million, 32 parts per million of OH from both the calcium
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hydroride and barium hidroxide were removed from wlution.

When expressed in terms of OH, no difference was noticed in the
concentrations of calcium hydroxide and berium hydroxide that were

nired to flocculate the silt. Above concentrations of 30 or 40 pars
per million of OH, both of these alkalies flocculated the silt readily,
while below these concentrations the alkalies seem to be practically inert,
There was no indication of a greater dispersion than that which existed
in the control, in the lower concentrations of alkali, When floccnlated
with calcium hydroxide or baiium hydroxide the silt sertled much more
rapidly than it did when flocculated with sodinm hydroxide or potassium
hydroxide,

TABLE No. VIL—THE EFFECT OF CALCIUM HYDROXIDE AND BARIUM
HYDROXIDE UPON COLORAD(Q RIVER SILT.

OH 25 Ca (OH): Effect upan OH as Ba (QH}: Effect upon
No. added ailt added silt
1 Bppm Dmpms:ii ! Uppm ]I):\pt:lhrd
2 Sppm Dispetae | Sppm Dispersed
3 ppm Dsperszd ; p pm ixapuysed
‘i- Zhppm Dispersed 1 .'i.[]p p m Insperacd
3 Wppm Dispersed Up pm [3speiaed
[ Wppm Fluceul ited i Alp pm loewn] ited
7 WWppm Flocealated | Suppm Floeul ited
4 6fip pm Flocculited ! Glp p m Floceul sted
4. Jippm Floceul ated tppm Floweulsted
1t $lppm Floceul ited i Mlp pom Flocculated
1j 9ppm Flocoulated | 9 p pm I 1 loceud ated
12 1005 p m Floceul ited Wippm | Floceulind

The concentration of calcium hvdroxide that was required to flocculate
the silt was shown in another way, One gram of silt was placed in a
large test tube with [00 c.c. of a solution of calcium hidronide which
contained 750 parts per million of OH. The solution was shaken and
the silt was floccnlated and settled ripidly. One half, or 50 cc., of
the clear solption was drawn off and 50 ¢ of carbon-diovide-free
water were added to the tube. The addition of this water lowered the
concentration of the caleium hydroxide to 375 parts per million of OH,
and the silt remained flocculated and settled rapidly. This process was
continued until the concentration of the OH in the tube was down to
abont 47 parts per million, when a slight dispersion of the silt set in
Below 47 parts per million of OH the :ilt remained dispersed.

I+ Jooks as though the sodium hydroxide and potassium hydroxide are
concerned with both floccnlation and deflocculation, while calcium hy-
droxide and barium hvdroxide are concerned with flocculation only.
Thirty pants per million of OH is equivalent to over 65 parts per mil-
lion of colcium hydroxide, so it appears that concentrations of less than
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65 pats per million ot waluum hy drovide ate practicalls inert, as far
as flocculating clay collaids is concerned. This w a very mmportant fact
in the consideration of the <ilt-carry ing capacity of river.

EFFECT OF GYPSUM UPON THE FLOCCULATION OF
COLORADO RIVER SILT

As the Colorado Rner silt 15 readily floceulated by strong solutions
of gypsum, an effort was made to determine how strong concentrations
of calcium sulphate were required to flocculate the silt. The experiment
was carried on as before, and the results are shown in Table No. VIIL

TABLE No. VIII—EFFECT OF CALCIUM SULPHATE SOLUTIONS UPON
COLORADO RIVER SILT

Parts per million ! Effect upon
Ne CaS0, added the silt
Control n 1) spessed
1 25ppm Dispersed
2 Ap pm Diepersed
3 Fippm Diapersed
4 tp pm Shghtly dupaised
4 123ppm Floccalated
[ 130 p p o Flocculued
7 JiMip p m Flocculated
8 I Ip pwm Flocenlated
9 ‘ Whp pm Floceulated
1 4ilp pm Floceol ed

Under the condition: of this experiment, at concentrations of about
100 parts per million or Jes, <olutions of gypsum are not effective in
flocculating Colerade Riier silt. It requires a concentration of over
100 parts per million to produce decided effects. One hundred parts
per millien of caleium sulphate equal about 55 parts per million of cal-
cigm hydroxide, so there seems to be 2 molecular relation between the
amount of calcium hvdroxide and calcium sulphate required to flocculate
the Colorade River silt.

EFFECT OF CALCIUM SULPHATE UPON COLORADO RIVER
SILT IN THE PRESENCE OF SMALL AMOUNTS
OF S0DIUM CARBONATE

Another set of calcium sulphate solutions, of the seme concentrations
shown in Table No. VIII, was prepared, and 30 parts per million of
sodium carbonate were added to each of the solutions, and the floceulat-
ing effect of these mixtures was determined. Little or no increase was
found in the concentration of caloum sulphate that was required to floc-
culate the silt in the presence of a small amount of black alkali, over that
required when no black alkali was added to the solution. This fact
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seems significant, 'The untreated dry silt, when shaken with carbon-
dioride-free water, gives a color with phenolphthalein, indicating that
the solution contzins free hydroxl jons, If these ions, or the sodium
ions that are dissociated with them, are responsible for the dispersion,
the addition of a little more alkali as sodinm carbonate would probably
have little effect. This phenomenon strongly indicates that the silt as
it floats dispersed in the river, carries a small amonnt of absorbed black
alkali and 2 negative charge, even though an excess of gypsum exists in
the solution.

FLOCCULATION OF COLORADO SILT AT FLOOD AND AT
LOW WATER

Two conditions in the quality of the Colorado River water were now
assumed, and two sets of solutions were made up to represent these con-
ditions, In the first case the water was assumed to have a concentration
of calcivm about equal to that found at flood time, 30.8 parts per mil-
lion of calciom or about 105 parts per million of calciom sulphate,
and in the second case the water was assumed to have a concentration
of calcium about equal to that at extreme low water, 150 parts per mil-
lion of calcium or about 510 parts per million calcium sulphate. Sodinm
carbonate was added to portions of each of these solutions in amonnts
shown in Tables Nos. IX and X, and the effect of these solutions in
floceulating the silt was determined, in the manner previously described,
TABLE No. IX—EFFECT OF SMALL AMOUNTS OF CALCIUM SULPHATE

IN THE PRESENCE OF VARYING AMOUNTS OF SODIUM
CARBONATE UPON COLORADO RIVER SILT.

CaSQy added CaS0. Na,COp added NasCOy Effect
equivalent equivalent upon silt

No to Ca to Ca

1. Op.pom 0p.pm fp pom. 0p.p.m Dispersed
2. 105p.p.m 0.8 5. p.m 11.0p p.m. 42p.p.m. | Dispersed
3. 105p. p.m Wippm 333pp m. 12,6 p. p.m. | Dispersed
4. 1059.p.m 0.8p.pm 55.5p.p. m. 21.0p.p.m. | Dispersed
5. 108 p. p.m. 30.8 p. p. m, 777 ppm | 294p.pm Dispersed
4. 105 pop. m W8p.pm M9p.pm | 7Epp.m Dispersed
7. 105 p.p.m 30.8p.pom | 1221p.p.m. | 462 p. p.m. | Dispersed
LB 105 p.pom WSp.p.m | 144 0ppm. | $46p.pm Dispersecd
q. 105 p. pom 308p.p.m. | 166.0p.p. m, 630p.p m | Dispersed

Each of these solutions gave a color with phenclphthalein, indicating
the presence of hydroxyl ions, and in every solution the silt remained
dispersed. In solutions Nos. 2, 3, 4, and § the amount of calcium sul-
phate was more than equivalent to the amomnts of sodium carbonate
added, bat the excess of calcium sulphate apparently had no effect upon
the silt. Some of these solutions are representative of the quality of
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the Colorade River at flood time, when it is carrying » heavy load of silt.

In Table No. X, is shown the effect of a large amount of calcinm
sulphate in the presence of varying amounts of sodium carbonate.

Some of the wlutions are representative of the quality of the Colo-
rade River at low water, when it is wsually carrying its lightest load
of silt. Although each of the solutions gave a color with phenolphtha.
Iein, m alt of the solutions except the lazst three and the control, the

TABLE No. X—EFFECT OF LARGE AMQUNTS OF CALCIUM SULPHATE
IN THE PRESENCE OF VARYING AMOUNTS OF SODIUM CAR-
BONATE, UPON COLORADO RIVER SILT.

Ci80, dded | CaSOs N1.COsdded | NaCOy Effect
equivalent i equrvalent upnn silt
X to Ca | to Ca
1 tp p.m Op pom Oppm | p.pm Dispersed
2 $25p.p m 154p.p m 13p pom Sp.pm Flocculated
3 25ppm 154p.p.m 2Z7ppm 10 p. p. m. | Flocolated
4 $25ppm 15 p.p.m 34p p.m l 2lppm | Flocculated
5 25ppm 154 ppm 109p p.m 42p.p.m l Floceulated
& $28ppm 134ppm 222 p. p.m. S4p.p m | Flocoulated
7 $25ppm I54ppm IBppm ' 126p p.m.  Slightly
1 dispersea
8 S25ppm 154p.p m 444p p.m 168p.p m Shightly
dispersed
9 525p p.m 134 p.p.m 55p pm 210 p. p.m. | Disperaed

silt was flocculated. Yt will be noted that the dispersion of the silt
began with solation No. 7, although in that and the next solution there
was still an excess of calcium sulphare over the sodivm carbonate. In
the last number only was sodinm carbonate added In excess of the gyp-
sum, The solutions In nombers 7 and 8 suggest the actual condition of
affairs as often occurs in the Colorade River itself, that is, the river
often contains a large excess of calcium sulphats, yet at the szme time
it contains a small amount of sodinam carbonate.

EFFECT OF NEUTRAL SODIUM SALTS UPON COLORADO
RIVER SILT

There are ather salre in the Colorado River water that also have un
effect uwpon itv silt-carrying capacity; these are sodinm sulphate and
sodium chloride. In practice, we know that these salts in appreciable
amounts have a Aocculating effect upon colleids, from the fact that
a soil high in sodinm sulphate or sodium chloride will usnally take water
readily, and will remain permeable until most of these salts are Jeach..l
out. The amounts of sodium chloride or sodium solphate in solation in
the Colorado River water varies with the flood. The chlorine content
may vary from 42 to 250 parts per miilion while the 80, content may
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ran as low as 80 partr per million at flood times and as high as 600
parts per million at Jow water.

Many experiments were made to determine the amounts of sodium
chloride and sodium sulphate that had z flocculating effect upon the
Colorado River silt, but the results were not conclusive and they are
not included. Usnally a concentration of about 630 parts per million
of sodium sulphate, and a slightly less amount of sodinm chloride, is
sufficient to flocculate the silt, but often a greater amount is required,
There is usually no definite change from dispersion to floceulation, as
the concentration of the sodium salt 1s increased.

The peculiar effect of the sodium salt upon the silt may be explained
by the fact that the silt contains a certain amount of calcium carbonate
and that when sodium sulphate or sodium chleride is bronght in con-
tact with this calcium carbonate, a certain amount of sodiom carbonate
is formed in the reaction. In the concentration of salt in the Colordo
River water, the amount of sodium catbonate thus formed would be
small, vet very small amounts of sedium carbonate have z decided effect
in dispersing colloids, and it is quite possible that the flocculating effect
of sodinm sulphate and sodium chloride is in part counteracted by the
presence of small amounts of black alkali in the solution. Tt can be
stated definitely, however, that sodium sulphate and sodium chloride
seldom occur in Colorade River water in smounts sufficiently high to
have a decidedly floceulating effect upon the silt.
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SUMMARY

1. The wlt, 1+ it foats in the Colorado River, seems to be dis-
perwed, that i~ the colloidal particles seem to be carrving negative charges.

2. In many cves, the silt-carrying capacits of a stream may depend
upon the -ize of the parricles in wuspension, rather than vpon the velocity
of the current

3. The colloids in the Colorado Riser silt were probably dispersed
when ther cvisted as woils in the upper water shed, before they were
eroded.

4. The »ilt, 2 it is deposited in the lower basin, contains appre-
ciable amounts of 1eplaceable sodium, indicating the presence of dis-
persed colloids,

5. The guality of the Colorado River water varies with the food.
At low water it has a2 high alt-content, and contains an excess of gvp-
sum, but duoring the spring flood, its concentration of soluble salts is
low, and 1t may even carry a ight excess of black alkali,

6. The hydroxides of sodium and potasium when added to the
water in Jow concentrations, disperse the Colorado silt but they focculate
the silt when added i high concentrations,

7. The hidroxides of calcium and barium scem to be Inert in very
low concentrations, but they flocculate the silt at and above concentra-
tions of about 40 parts per million of OH.

8. Sodium and potasium hydroxides seem to be aswociated with both
flocculation and  dispersion, while calcinm hydroxide and barium hy-
drexide seem to be assoctated with floccnlation only.

9. Calcium sulphate flocculates the silt at and sbove concentrations
of about {00 parts per million, but in lower concentrztions caleium
suiphate seems to be relatively inert.

10. Although the Colorado River water unsoally contains an excess
of calcium sulphate, it does not alwavs carry this salt in amounts suffi-
ciently high to flocculate the siit.

11. Sodium sulphate and sodium chloride have a flocculating effect
upon the silt, bur these salts seldom oeccur in amounts sufficiently high
to make them effective.

[2. 'The quality of the water, as well as the velocity of the current,
should be taken into consideration in many of the engineering problems
that involve the silt-carrying capacity of streams.






