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Oue of the statutory duties (Section 13024 of the Water Code) of the
Callt(frma State Water Pollution Control Board is that of administering
and directing any state-wide program of research in the technical phases
of water pollution control. The report presented in this publication has
been prepared in conjunction with a research project authorized by the
State Board on February 20, 1951.

Location of waste disposal dumps in California, where such a large
proportion of the water supply is withdrawn from the underground
basins, is a problem of considerable concern and one that has often re-
sulted in no small amount of controversy. The question has arisen as to
the possibility of pollution of the underground basins by alkalies and
other dissolved salts leached from incinerator-ash, garbage, industrial
refuse, and other surface dumps either by rainfall or by movement of
ground water through the dump depression if the water table rises above
the bottom of the pit. When the water pollution control boards com-
menced operation early in 1950, it was observed that strong opinions
among various interests seemed to prevail, but that there were not very
many scientific facts upon which decisions could be based.

Recognizing the need for factual information, the State Water Pollu-
tion (()mml ]maul entered into an agreement with the University of
Southern California, Los Angeles, on March 1, 1951, for an investication

of and report on the extent of pollution of ground water by alkalies and
salts leached from incinerator-ash, garbage, industrial refuse, or other

dumps, to include, but not necessarily hlmt(d to, the following :

Amount of leaching of alkalies and salts from surface dumps either

by rainfall or by movement of ground water through the dump de-

pression if the water table rises above the bottom of the pit.

b. Extent of penetration below dumps of water and dissolved salts for
aing of varying intensity and varying runoff conditions.

Bxtent of lateral movement of leached salts should the water table

rise ahove the bottom of the dump pit.

d. Imldmos conelusions, and recommendations of the contractor on
raste- (llsposftl dumps in relation to water pollution.

RGCOIDH]Oll(ldtl()llb of the contractor for further investigations and/

or research.

f. Bibliography of reference material.

A final report consisting of a manuseript ready for submission for

a.

printing.

During the first 16 months of the project the investigators, under the
direction of Professor Robert C. Merz, (011('ontmted their time and
efforts on an investigation of leaching from ash dumps, and, on June
926, 1952, submitted their report on this subject. To make the findings
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of the investigation available to all interested parties and to stimulate
comment and constructive criticism which will be invaluable in planning
future research in this and other phases of water pollution control, the
state board authorized the printing and distribution of the report.

Although the original contract terminated on June 30, 1952, the state
board has approved the continuation of this research project on a more
intensive scale during the fiscal year ending June 30, 1953, and has
directed that emphasis during this next phase be placed on investiga-

tions of leaching from dumps handling garbage, rubbish, and mixed
refuse.

‘While these investigations have been conducted under the sponsorship
and direction of the State Water Pollution Control Board, it should be
pointed out that the conclusions and recommendations given in the

““Report on the Investigation of Leaching of Ash Dumps’’ are those
of the research contractor.

(4)
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LETTER OF TRANSMITTAL

UNIVERSITY OF SOUTHERN CALIFORNIA
3518 UNIVERSITY AVENUE, 1.os ANGELES 7

June 10, 1952
State of Califormia
State Water Pollution Control Board

305 Financial Building
Sacramento 14, California

GENTLEMEN : Pursuant to the terms of Standard Service Agreement
No. 12C-2 dated March 1, 1951, between the State Water Pollution Con-
trol Board and the Unlvusmr of Southern California, we are pleased
to submit herewith 35 copies of a final report on the Investigation of
Leaching From Dumps.

Tor reasons set forth in the report, the investigation has dealt only
with the leaching of incinerator ash dumps. The report was prepared
by the undersigned and is, we believe, one of the most comprehensive
presentations of research data available on the subject.

Respectfully submitted,
RosErT C. MERZ
Project Director
JACK R. SNEAD
Assistant Sanitary Engineer
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INTRODUCTION

In the following pages we present a factual report, a report which
attempts to set forth simply an accounting of the various individual
studies conducted in connection with this ‘‘Investigation of Leaching
From Ash Dumps.’’ Included are descriptions of materials and equip-
ment used, methods of operation, discussions of results obtained, and,
finally, statements of conclusions and recommendations.

Much has been written by many agencies and individuals regarding
the dependence of the State of California on its vast underground water
basins for its agricultural economy. It is not our purpose to review or
reiterate such matters of fact. However, it should be emphasized that any
potential threat to those underground water basins, no matter how
remote it may appear, must be investigated as thoroughly as time and
funds will permit in order that it may be proven real or false.

One such potential threat to the groundwaters is the entrance of leach
into them from incinerator ash dumps, whether that leach be derived
from precipitation falling on the dump and percolating down through
it, or from an actual rise of the groundwater itself into the dump and
subsequent lateral movement through it.

When water passes through an ash dump, it undergoes many changes
in quality. Leaching of soluble minerals begins, and unburned organic
wastes begin to undergo biological decomposition. The object of our
investication was to investigate the physical and chemical phenomena
taking place within ash, either in place or after transportation to the
laboratory. The heterogeneity of the ash and the complexity of the prob-
lem made it desirable and necessary to secure much basic information
before reasonable conelusions could be drawn. Because of the time re-
quired to obtain a complete picture of the problem, particularly of the
effects of partly burned organic material, this report is primarily con-
cerned with the physical and chemical aspects of leach water only from
ash deposits.

As the number of communities turning to incineration of their refuse
as a means of disposal increases, the problem will become more acute, for
every incinerator requires an ash disposal site. Further, the owners of
worked-out gravel deposits will request permission to utilize such lands
in their possession as dump sites, in order that they may derive addi-
tional revenue. And there will be others. It is hoped that this report
will assist those in authority to formulate rules or standards governing
the use of lands for ash disposal.

RoBerT C. MERZ
Associate Professor of Civil
Engineering
JACK R. SNEAD
Assistant Sanitary Engineer
University of Southern California
June, 1952
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CHAPTER |

SUMMARY OF INVESTIGATION

Summary of Conclusions

1. The percolation of natural precipitation or the movement of ground-
water through an incinerator ash dump will leach soluble salts and alka-
lies from the dump.

2. The rate of leaching will be very slow, even when water volumes
far in excess of those derived from maximum precipitation or normal
groundwater flow are applied to the ash surface.

3. The maximum amount of any cation that may be reasonably ex-
pected to be leached from an ineinerator ash dump over a period of at
least five years will be 2.9 pounds per cubic yard (sodium). This value
will decline considerably over subsequent five-year periods.

4. The maximum amount of any anion that may be reasonably expected
to be leached from an incinerator ash dump over a period of at least five
years will be 5.3 pounds per cubic yard (chloride). The chloride content
of the ash will very likely be exhausted within that time. There will be a
simultaneous leaching of 5.0 pounds of sulfate per cubic yard, but this
value, too, will decline considerably over subsequent five-year periods.

5. Chlorides and nitrates will be rapidly and completely removed by
leaching. Sulfates will be leached at a slightly lower rate. Caleium and
magnesium will be leached very slowly, while the rate for sodium and
potassium will be the fastest of the cations. It is unlikely that all the
cations would ever be removed.

6. The annual precipitation in this area will penetrate an ash dump
approximately six feet. Subsequent years may be expected to produce
equal inerements of penetration, assuming normal precipitation.

7. The average rate of penetration through a uniform ash during a
period of greatest rainfall will be in the magnitude of 0.20 feet per day.

8. A typical incinerator ash may be expected to exhibit ion exchange
properties, and to have exchange capacities approaching one-tenth to
one-twentieth that of commercial cation exchangers, and one-half that
of glauconite.

Summary of Recommendations

There are many aspects of the subject covered by this report which
have not been investigated for they were not considered to be within the
province of the basic assignment. Chief among them would be extended
research, or perhaps study and computation, which would settle the long-
standing contention that any addition of salts to the groundwater,
whether dilution is available or not, is detrimental, because any salt
added is salt contributed to the coastal basins which are the concentration
areas for most groundwater flows. These are matters for engineers expert
in groundwater conditions of the area to consider in the light of the find-
ings here disclosed.

(15)
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16 INVESTIGATION OF LEACHING OF ASH DUMPS

Strictly on the basis of the information gained through the field and
laboratory studies made, coupled with what are thought to be reasonable
assumptions of groundwater volume, the authors make the following
recommendations.

1. Tt is recommended that incinerator ash dumps be located preferably
in an area where they will be subject only to percolation by precipitation,
without regard to the nature of the underlying soil strata. Caution should
be exercised in the selection of the dump site to prevent the funneline
of leach waters into an inadequate volume of groundwater dilution. The
effect of the entrance of the leach into the groundwater will be negligible.

9. Tt is recommended that incinerator ash dumps be located only when
necessary in an area where they will be subject to the passage of ground-
water through them. This statement is made notwithstanding the fact
that the evidence of the investigation indicates such location to be safe
practice, because of the many variables involved.

3. Tt is recommended that incinerators be operated with a view toward
keeping the percentage of unburned or partially burned organic matter
at the very minimum. The production of carbon dioxide within a dump
due to the decomposition of the organiec matter still in the ash, under
aerobic or anaerobie conditions, will directly affect the dissolution of the
soluble salts, especially lime, thereby increasing hardness as well as pro-
viding the anion necessary for the greatest removal of sodium ang
potassinm.
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CHAPTER I

THE FIELD INVESTIGATION

The location of incinerator ash dumps in areas where a large propor-
tion of the underground water supply is put to large and varied use has
been a problem of vital concern to various agencies charged with the
responsibility of the protection of water quality. The question of how
much these ash deposits might pollute the underground basins by their
being leached of alkalies and soluble salts, by reason of the movement of
water through them, has been one of much controversy. Further, few
known facts exist to substantiate one belief or another. To determine
some of these facts, the study here being reported was begun with an
actual field investigation under conditions deemed to be representative
of most ash deposits.

The Test Site

An inspection of existing ash dumps in Los Angeles County was
made as a preliminary step in the selection of the best possible site for
the proposed field investigation. Dumps which receive only quenched
incinerator ash were considered, as these would permit the study to be
conducted in a rather uniform medium. The ash dump adjacent to the
Lacy Street municipal incinerator was selected because it was known to
have adequate depth, contained ash that had been in place but a relatively
short time, had a water supply line in place, was completely isolated and
thereby free of interference and congestion, was not in use, and was
comparatively close to the research laboratory. Its location is shown on
Figure 1.

To determine where to locate the sample collection shaft to best
advantage, four test holes were drilled at various locations in the ash
deposit. Information was thus secured relative to the depth of ash, com-
position of the ash, type of underlying material, and the probable diffi-
culties that might be encountered during the process of installation.
The depth of ash varied from 5 to 12 feet, being deepest near the exposed
face, and the underlying material was composed of placed material from
the excavation for the municipal incinerator. During the final drilling

operation, samples of the ash were taken for examination, leading to
the following data:

Depth of sample below ash surface

1 foot 5 feet 10 feet
8.10% 10.40% 11.90%
0.80% 0.67% 0.74%
29 33 37

The soluble content of the ash was determined by leaching one part of
dry ash in 10 parts of distilled water, by weight, for 48 hours.

(17)
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INVESTIGATION OF LEACHING OF ASH DUMPS

PHOTOGRAPH 1
View of Lacy Street ash dump and test plot

PHOTOGRAPH 2

View of well for collection of leach being lowered into place
at Lacy Street test plot
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20) INVESTIGATION OF LEACHING OF ASH DUMPS

PHOTOGRAPH 2A
View of fenced test site with spray water being applied to surface

PHOTOGRAPH 2B |
View of corner of test site following application of spray water to surface
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INVESTIGATION OF LEACHING OF ASH DUMPS 21

Equipment for Collection of Leach

The collection well was installed where a 12-foot depth of ash existed,
and was sunk an additional 11 feet in order that the collection of leach
that had passed through the dirt fill would be possible. The total depth
of the 48-inch drilled hole was 23 feet. The well lining consisted of a
48-inch diameter corrugated metal pipe, with holes cut in sides before
it was placed to receive four collection laterals at each depth of 3, 7, 12,
and 18 feet. In Photograph 1 is pictured the casing being lowered into
place.

The collection laterals were 8-inch iron pipes, full diameter from the
casing to a distance of approximately one foot into the ash and then
half round over the rest of their length. In this manner, the entrance
into the laterals of any water moving down the side of the casing was
prevented. As indicated by Photograph 1, the positions of the laterals
at the various depths were staggered so that no two were directly in
line vertically. Where possible, the laterals were installed by jacking
into the undisturbed ash. In two instances, actual excavation into the
ash was necessary to obtain proper placement of the lateral. A diagram
of the complete collection well is shown in Figure 2.

Selection of Spray Nozzles

Tests were conducted at the U. S. War Department Airport Drainage
Project, Santa Monica Airport, Santa Monica, California, for deter-
mining the type and arrangement of spray nozzle best suited for the
application of water to the test site. Every effort was made to obtain a
uniform coverage of water at the required rates of flow, and under con-
ditions imposed by the proposed field arrangement. The common, lawn-
sprinkler type nozzles of the Moody design were finally selected. The
coverage obtained led to the selection of a test plot 20 feet square, served
by a one-inch pipe line around the periphery fitted with one-quarter
circle sprinkler heads at the corners, and two one-half circle sprinkler
heads per side spaced equidistant between the corners. By using these
nozzles, and a water meter calibrated to read to 0.125 gallon, it was
possible to obtain any desired amount or intensity of simulated rainfall
up to a maximum of about 10 inches per hour.

The test area was enclosed with a two-foot high, board siding to pro-
tect the spray from wind. The fencing also served to confine the spray
within the test area, since the sprinkler heads were elevated one foot and
the outermost portions of the half-cirele sprays tended to fall outside the
limits of the plot.

The Method of Operation .

Records of the U. S. Weather Bureau for the area encompassing the
test site were studied to obtain a maximum rainfall pattern which could
be followed in the application of the spray water, or simulated rainfall.
The precipitation of February, 1941, was found to be the period of
maximum conditions, and was therefore followed for this investigation
as well as those later described. Also taken into account were the impor-
tant rains leading up to and following the maximum period. The amounts
of spray water applied to the test plot as simulated rainfall are compared
with the actual precipitation record for February, 1941, in Table 1.
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INVESTIGATION OF LEACHING OF ASH DUMPS 2

It will be noted that the unusually long waiting periods between some
of the rains of lesser intensity were shortened to save time, and that very
licht rains were combined to afford better coverage of the site. Since
this investigation was made in midsummer, it is certain that losses due
to evaporation were higher than those that existed during the 1941 rain-
fall period. The days were, for the most part, hot, dry and sunny, with
variable breezes.

Table 1, referred to above, lists the daily quantities of simulated rain-
fall applied to the surface of the test plot. The application of August
10th brought forth the first sign of water within the sample well. A full
quart of sample was obtained from one of the four collection laterals at
the seven-foot depth, the water having bypassed the laterals at the three-
foot depth. The logical explanation for this was that the dump had
cracked at the surface (near the slope) over the contributing lateral,
thus providing the water with an easier access to the seven-foot depth.

It should be noted here that settlement of about one-third the test
plot, adjacent to the slope, had been gradually taking place since the
beginning of operations. A drop of about 18 inches between the
original dump surface and the settled portion existed by the time
the simulated rainfall period was reached. The rest of the surface of the
test plot remained at the original elevation. This settlement was appar-
ently due to consumption of material by a deep-seated fire which had been
smoldering continuously since the completion of the installation, not only

TABLE 1

COMPARISON OF MAXIMUM RAINFALL CONDITIONS OF FEBRUARY, 1941, WITH
SIMULATED RAINFALL APPLIED TO LACY STREET TEST PLOT

Inches of natural Inches of applied
Date precipitation over Date spray water to
peneral area test site

0.30 T=17=01 =502 0.46
OFOT e SRR e S0 TN SSrS SIS FENT S e R bt WM ki it 1
0467 Sl e A SE e ot ool A | S e Sk s
0.73 J AN S . 1.14
0.27 R R S SR S e 0.80
0.86 R e 0.85
DB RaT IR S Sty S| LR RS R ST
0.44 24 0.57
1.49 26 1.54
0.58 27 0.62
0.68 2B AT N e ey ys 3 0.73
0.33 0.39
0.64 0.64
1.95 1.98
1.89 1.87
0.19 0.28
0.45 0.51
2.78 2.80
0.76 AR Rt s 2T A G 0.82
0.45 Tk i el o R e 0.50
0.76 1N b S E
1.25 2.01

174008 i R ey S e 18.51
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24 INVESTIGATION OF LEACHING OF ASH DUMPS

within the test area but for 50 to 60 yards along the edge of the dump.
As far as the test plot was concerned, the fire seemed to confine itself
to one corner of the site.

On August 11th, the sample jars were again checked before applica-
tion of any spray water and another two-thirds of a quart had been
obtained from the same lateral. Water was also just beginning to flow
from the lateral diametrically opposite.

Following application of the 0.50 inch on August 11th, the jars were
checked on August 12th. Tt was found that the application wag not
of sufficient magnitude to create a large flow in any of the laterals, but
coupled with what had previously been applied, there was about one-
half inch of sample in three of the jars at the seven-foot depth. The fourth
lateral at the seven-foot depth and all laterals at the three-foot depth
remained dry.

Following application of the 2.01 inches on August 12th, the jars
were checked on August 13th. Again, the same lateral at the seven-foot
depth was contributing flow, but now there was also flow in one of the
laterals at the three-foot depth, that under solid fill extending in the
direction of the incinerator plant.

Thus, the conclusion of the simulated rainfall application yielded just
four samples for initial laboratory study, samples which proved diff-
cult to study because of their high color and because of a lack of
information as to the probable ion concentrations which necessitated
more than one determination in several instances. The initial analyses
are not considered sufficiently reliable for detailed reporting.

It is of interest to note that the color of the initial samples ranged
from a yellow-green to a turbid strong tea. The odor was ch aracteristically
that of quenched ash or wood. The pII varied from 6.8 to 7.3. The tem.
perature of the samples at collection varied from 104 to 111 degrees I

On August 20th an effort was made to bring about complete saturation
by applying a large quantity of spray water to the test plot. It was
believed that complete saturation would represent a condition similar to
that obtained by a rise of groundwater into a dump. Over a period of
five hours and 20 minutes, 3,074 gallons of water were applied, repre.
senting 12.28 inches. This resulted in flow in all laterals at the three-foot;
depth with all jars full, and flow in three of the laterals at the seven-foot
depth with two jars full. The color of the samples from the laterals
which had previously contributed was much lighter, but typieally dark
from the laterals newly contributing. By the following morning, August
21st, all jars at the three-foot depth were again full, three jars at the
seven-foot depth were full, and one jar at the 12-foot depth was full.
There was no flow at the 18-foot depth. ) .

The foregoing detailed information is summarized in Table 2. Also
shown are subsequent floodings of the dump, together with amounts of
water applied, number and depths of laterals contributing flow, and
sample reference numbers. The total volume of spray water applied up
to the time of collection of each group of samples is also shown, for these
volumes provide the basis for the plotting of Figures 3, 4, 5, and 6.

It is also of great interest to note that at no time during the entire
field investigation did any visible water appear on the exposed dump
slope, the top of which was one boundary of the test site. Apparently
little lateral capillary movement took place.

1011.0024



INVESTIGATION OFF LEACHING OF ASH DUMPS 25

TABLE 2
APPLIED WATER DATA FOR LACY STREET ASH DUMP

Total
Spray water applied spray
water Number and depth Composite
Date of applied Tlataral 1
application up to con? .ba fm sﬂ samg O
taking of ributing flow number
Gallons Inches samples
(Gallons)

4,031 1 @ 7 foot depth

4,158 1 @ 7 foot depth

4:B8h | oo I S s

4,665 1 @ 7 foot depth

4,665 1 @ 3 foot depth
7739 | 3 @ 3 foot depth L-3
3 @ 7 foot depth 1-6
1 @ 12 foot depth L-7
VA LSO B it 2,497 9.87 10,236 3 @ 3 foot depth L-8
3 @ 7 foot depth L-9
3 @ 12 foot depth L-10
2 @ 18 foot depth L-12
VIR L S AL 0 2,822 11.30 13,058 | 3 @ 3 foot depth L-13
3 @ 7 foot depth L-14
| 3 @ 12 foot depth L-15
3 @ 18 foot depth L-16
\ s R e 2,672 10.70 15,730 | 3 @ 3 foot depth L-17
| 2 @ 7 foot depth L-18
2 @ 12 foot depth L-19
3 @ 18 foot depth L-20
R SR e 3,497 14.00 19,227 | 3 @ 3 foot depth L-21
4 @ 7 foot depth L-22
3 @ 12 foot depth L-23
3 @ 18 foot depth L-24
OB SEIIR Sk 2 M 2,048 alh e 22,175 3 @ 3 foot depth 1525
4 @ 7 foot depth L-26
3 @ 12 foot depth L-27
2 @ 18 foot depth L-28
PO G L e A g T, 3,501 14.0 25,676 3 @ 3 foot depth L-29
3 @ 7 foot depth L-30
4 @ 12 foot depth L-31
2 @ 18 foot depth L-32
BUR It 2,758 11.0 28,434 | 3 @ 3 foot depth 1.-33
4 @ 7 foot depth 1-34
4 @ 12 foot depth L-35
2 @ 18 foot depth L-36

Sample jars were removed immediately following the application of
the spray water, or as long thereafter as necessary to obtain an adequate
sample for laboratory analysis. Samples were collected in open mouth
quart jars rather than the special type of apparatus described in Chap-
ter ITI. Consequently, the pH values reported do not reflect the true
character of the leach at the time it entered the sample jar.
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Analytical Procedure

The following

: ey e 1 his
analytical procedures were adopted for use in tl
investigation and

those subsequently deseribed :

pH—Beckman Glass Electrode pI Meter

Total Hardness and Caleium—Volumetrie (Sodium Versenate)
Mag-nesiun'thpect1‘0photometer (Titan Yellow)
Sodium—Gravimetric (Uranyl Zine Acetate)
]’o‘mssium—S]wvtr'opllot(nnet(*r (Sodium Cobaltinitrite)
Chlovide—Mohy

Suli’ate~Spectmphotmneter (Turbidimetric)

Gravimetrie (Barium Chloride Separation)
PhosphatemSpec‘rropl1ot0metor (Ammonium Molybdate)
Silica~Spe(:trophofomcter (Molybdate)
Nitrogen-ﬁSpectropl10tometer (Kjeldahl)

Alkalinity—Volumetrie
In the latter stages of the w

tions were made by fl
on the rare metal

ork, some potassium and sodium ‘deterllmnlz:

1 ‘hecks
ame photometer by other laboratories. Spot cheek
S were also made by other laboratories.

Discussion of Results

On Figures 3, 4, 5, and 6 have been graphed the analytical data fml
the Lacy Street ash, consideration being oiven only to data ohta‘mle‘(
from leach samples at the 19. and 18-foot depths. These depths g"t;g
selected because they represent (1) the mn(litimn?' at the bottom o ‘ 1d
dump which is the important zone as far as tlns. study is conc.el‘ne :
(12-foot depth), and (2) the possible changes in the charact(’.lf Ot-
the leach following its passage through several feet of earth (18- f)(x)'s
depth). The analytical dats for the other levels is included, and appea
in Tables 3 and 4.

It will immediately be noted that the curve
most cases their exact locatior
matter due to the w
trend as they do

s are very erratic, that.in
1 on the graphs was a highly speculative
ide spread of points, and that they follow no definite
with the other ashes investigated and discussed 1‘11
Chapter ITI. The explanation lies in the fact tha.t'no 'contl'o}slw;l):
possible in the field, The test site was extensive, making it 1')05;%11) e' (b
the collection laterals to be in different types of materials. The Mi
surface fire meant widely varying temperatures in the collected sample?
which would affect solubilities. Some of the initial samples collocte.d hd]c
temperatures of 110 degrees F., whereas by the end of the test san:pjs
temperatures had dropped to 70 to 80 degrees I, Cracks devialc’)ple( 3
the dump, permitting channeling for at least a part of the way dow f
and settlement oceurred on the slope side, all due to the reduction o
material by the deep-seated fire. ; oL e
naItn ;;enex}’ral, the b%havior of the curves illustrating _the dat.a f(:lrtrcr
12-foot depth is not much different from those graphed 3‘01‘ the le(In rfl 0 21
leach column study, and the reader is referred to Chapter IT! ?rr(e
detailed discussion. For clarity, however, 1t should e pomtgd ()l,ll't _10“ ;
that the sulfate and chloride ion concentrations again decrezlxsedll_‘li?l& 11‘5
at first, but then leveled off at comparatively constant values. While this
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INVESTIGATION OF LEACHING OF ASH DUMPS 3l

is in marked contrast to the behavior of the curves for the laboratory
leach columns, where the sulfate was leached out at a slower but more
uniform rate, the final concentrations were all of approximately the
same magnitude. The alkalinity curve demonstrates reasonable, slight
variation in concentration since the dissolution of lime will be continuous
and proportional to the amount of carbon dioxide produced by decompo-
sition of the organic material in the ash.

The cation concentrations, Figure 3, indicate less sodium removal
than might be expected, the reduction of potassium at about the same
rate as the sodium, but in lesser quantity, and the expected hold-up of
caleium. The removals of sodium and potassium is obviously not a case
of simple dilution, perhaps because of the ion exchange properties of the
ash (see Chapter V). The potassium curve has an unaccountable rise at
the completion of the test. Magnesium shows an over-all decrease of about
one-half the original concentration, again possibly due to the exchange
mechanism taking place.

The very erratic and peculiar behavior of the curves for the variations
in ion concentrations at the 18-foot level are thought to be due primarily
to channeling. The following explanation is suggested :

Assume that the overlying ash had a constant leachable salt content
and that the soil below the ash had a constant leachable salt content lower
than that of the ash. If samples are collected and analyzed at a depth of
six feet below the bottom of the ash, with no channeling taking place, the
concentration of ions in solution will remain constant until the volume
of water in the soil has been displaced by an equal volume of water
moving down from the ash. After the volume of the water in the soil
has been displaced by the volume that was originally in the ash, the ion
concentrations in solution will have increased and become constant. The
ion concentrations will remain constant until the ‘‘through-put’’ volume
of water from the entire overlying mass of ash has been displaced. From
then on, the ion concentrations in solution will show the effect of leach-
ing by a gradual decrease. If this theory is presented diagrammatically,
it will be represented closely by Figure A.

one
through-put / one through-put volume
Vol. from soil’/ from ash

i e A G e

concentration of ions

FIGURE A
Volume eluted
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32 INVESTIGATION OF LEACHING OF ASH DUpg

If channeling of the applied water took place in the ash deposit, some
of the water would not have reached an equilibrium between the gis-
solved and undissolved salts as compared with the water that did not
channel. Therefore, the total ion concentration of the leach would be

less when it reached the bottom of the ash deposit. As the amount of

channeling increased with an increase in the amount of water applied,
the ion concentration would decrease. The conditions of the ahoye dia-
gram must then be altered to appear as in Figure B.

one

through-put
ﬁol. from ash

concentration of ions

FIGURE B
Yolume eluted

By positioning Figure 4 so that it forms a continuation of Figure 6
(the 18-foot anion curves followed by the 12-foot anion curves) it will
be observed that the curves match closely and give what is believed to
be a close approximation of what the curve for the 18-foot level would
have looked like if more water had been applied. This shows the wave or
band front just starting to appear at the 18-foot level, and suggests that
channeling was taking place within the ash deposit.
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CHAPTER li

THE LABORATORY LEACH COLUMN STUDY

The Lacy Street field investigation proved to be a greater technical
problem than was anticipated in the beginning. Except for information
obtained from three test holes, little was known of the conditions that
existed below the ash surface. One especially troublesome development
was the formation of fissures that permitted channeling of the percolat-
ing water. The ash deposit was found to be heterogeneous in nature and,
as expected, had a varying density and porosity.

To eliminate as many of the variables as possible, and thus obtain
necessary basic information for a complete understanding of the problem,
it was decided to augment the field study with a laboratory study. The
Beverly Hills incinerator ash dump, situated on Colorado at 26th Street
in Santa Monica, was selected as representative of the quenched inciner-
ator ash type of dump. Other factors leading to its selection were its
accessibility to the laboratory and a water connection located immedi-
ately adjacent to the proposed test site. Plans were made to run a pilot
plant study parallel to a field study, so that a direct comparison could
be made between field and laboratory data. However, circumstances pre-
vented the installation of a field sample collection system. The laboratory
leach column had been packed and made ready when it became impossible
to install a leach well in the field. Hence, only the laboratory study was
made using Beverly Hills ash.

Description of Leach Columns

A total of three laboratory leach columns were constructed. Each con-
sisted of three sections of five-inch 0.D. acrylic plastic tubing joined to-
gether by means of ‘‘Ceramicweld’’ mechanical compression joints to
provide a total length of 13 feet. The bottoms of the columns were sealed
with plastic plates, six inches square, in which were drilled one-inch
diameter holes. To provide an outlet for the leach, a 13-inch O.D. by
three-inch long plastic tube was cemented'to the plate and connected to
the sampling apparatus. The sampling apparatus consisted of two glass
bottles. The larger bottle had a volume 10 times as great as the smaller
one, and the two were interconnected so that the small sample collected
for pH determination was the result of a tenfold volume displacement.
The small sample was considered truly representative of the leach within
the column. The laboratory leach columns were wrapped with heavy
light-proof paper to discourage algal growths. Plastic covers were also
provided to reduce evaporative losses at the surface. The leach column
is diagrammed on Figure 7, and the complete laboratory installation is
shown in Photographs 3 and 4.

Selection and Preparation of Ash

A variety of near-surface samples were selected from the Beverly Hills
ash dump, ranging from one day to two years in age. The samples were
picked free of large pieces of clinker, glass, metal, and other foreign
materials which were considered detrimental to satisfactory operation

(37)
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PHOTOGRAPH 3
General view of ash columns erected for laboratory study

PHOTOGRAPH 4

View of sampling apparatus used with laboratory ash columns
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40 INVESTIGATION OF LEACHING OF ASH DUMPS

of the leach column. It was also found necessary to reduce the 25—1}01‘(~@11t
initial moisture content of the ash in order to avoid condensation on the
side of the leach eolumn, a condition which made it impossible to deter-
mine the depth of penetration of the applied water. The ash was dried
to a moisture content of about 10 percent to obtain similarity in initial
conditions between the column ash and the Lacy Street ash.

The Marengo Street ash dump in Pasadena was estimated to be up-
wards of 60 feet deep. It had a sand and gravel cover of five feet, was
located on high ground, and was devoid of vegetation. A representative
sample was obtained by drilling a test hole vertically downward through
the bed. A rotary drilling rig was used for this purpose, and a sample
was taken from the excavated ash at each foot of depth. The temperature
of each sample was recorded, and the samples were placed in sealed
containers for transportation to the laboratory where moisture deter-
minations were made. The variations in moisture content and temper-
ature with depth are presented in Table 9. Estimates of the amounts
of unburned organic material were obtained through ignition tests, the
data for which are given in Table 10. It is estimated that the ash from
the Marengo Street dump had been in place for approximately 12 years,

In similar manner, individual ash samples for compositing were ob-
tained from the La Lioma ash dump, situated below and north of the La
Loma Street Bridge in Pasadena. This dump had a depth of only 10
feet, with a two-foot cover of dirt topped with thick grass, but was
selected because of its location on low land between a high bank and the
flood control channel. The ash was thus subject to receiving runoff
from the bank in addition to direct precipitation. Samples were taken
at each foot of depth and the data obtained from them also appear in
Tables 9 and 10. It is estimated that the ash from the La Loma Street
dump had been in place approximately five years.

It is to be noted that these test holes were drilled on February 4, 19592,
following unusually heavy rains.

Preparatory to packing the laboratory leach columns, the ash from
both the Marengo and La Lioma, dumps was air-dried to 6.1 and 10.8 per-
cent, respectively. The ashes were then passed through a one-half-inch
mesh screen to remove all foreign materials which might otherwise cause
channeling in the columns. The ash was then packed in the laboratory
leach columns to a depth of 12 feet, extreme care being taken to obtain a
compaction as close as possible to the average initial density of the ash
deposit in the dumps.

Samples of the ash were also oven-dried. The dry ash was determined
to weigh 69.6 pounds per cubie foot and to have a void ratio of 57 percent.

Method of Operation

In the interest of conserving time, it was decided to apply distilled
water daily to the ash columns in three-inch inerements (781 ml.) rather
than to adhere to the maximum rainfall pattern used on the Lacy Street
test plot. Complete information with regard to the amount of water
applied, the resulting depth of penetration of the water into the ash,
and the volume of leach collected appears in Tables 7, 11, and 13.

As indicated in the tables, the application of three-inch increments
vof water was continued, following saturation of the columns, and the
resulting samples were collected for laboratory analysis. The analytical
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data for the three ash columns are reported in Tables 8, 12, and 14. The
data are graphically presented in Figures 9 to 16, inclusive.

Leaching of the ash in the columns was continued until there was but
a slight decrease in the concentrations of the ions. This is indicated by a
leveling-off of the reduction curves, Figures 9, 12, 14, and 15, at which
time further leaching was considered to be of little value.

The analytical work on these samples was performed in the manner
described under Chapter I.

TABLE 7
APPLIED WATER DATA FOR BEVERLY HILLS ASH

Sample collected Total volume
Amount Depth of of water

Date applied in penetration applied up to
ml, in inches Volume in NUmby taking of

ml. sample, in ml.

23,430
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42 INVESTIGATION OF LEACHING OF ASH DUMPS

Discussion of Results

From Table 7, it is seen that 33 inches of applied water was required
to obtain saturation of the Beverly Hills column. From Tables 11 and 13,
the requirements for the Lia Looma and Marengo columns are shpwn to
be 39 and 36 inches, respectively. These quantities are approximately
25 percent of the void volume of the ash. ;

Figure 8 is a plotting of depth of penetration of the applied water
versus time for each of the colummns. The slopes of the lines represent
the rate of movement of the percolating water through the ash. For the
Beverly Hills column, this rate is computed to be 0.48 inch per hour;
for the Marengo column 0.45 inch per hour; and for the La Loma
column 0.43 inch per hout. These values are in rather close agreement
and average 0.44 inch per hour. However, they are simply the result
of visual observations of the leach columns and make no allowance for
what may have been taking place within the interior of the column.
They were also determined by uniform additions of water to the columns,
far in excess of natural precipitation rates. Therefore, the investigation
discussed in Chapter 1V was undertaken.

On Figures 9 and 10 have been graphed the analytical data for the
Beverly Hills ash. These curves illustrate the leaching effect of the water
on the ash, as evidenced by the decrease in ion concentrations with con-
tinued applications of water. Similarly, Figures 11 and 12, 14, and 15
have been prepared to present similar pictures with respect to the La
Loma and Marengo ashes.

It is of interest to note that all the Beverly Hills curves except the
sulfate and bicarbonate ions showed an increase in concentration before
the gradual decrease began to take place. This is very probably due to
the variable amounts of soluble salts at any level and the rate at which
they will go into solution. As has been pointed out, the ash used to pack
the Beverly Hills leach column consisted of near-surface samples from
several locations in the dump. Being of different ages, they very likely
differed widely in their original mineral composition and produced vary-
ing concentrations of salt at the various levels within the column. Since
the concentration of salt at any level in the leach is directly proportional
to the product of the mass of salt at any level in the column times a eon-
stant for the rate at which the mass of salt will go into solution, it follows
that the ion concentrations in the leach would build up until the rates
throughout the deposit became constant, or reached equilibrium. This
was not the case in the other leach columns due, no doubt, to the securing
of an ““in place’’ column already in equilibrium.

In general, the cation reduction curves are seen to level off as they
approach comparatively low concentrations, particularly in the case of
sodium and potassium. The fact that the calecium ion is held up to a
greater extent than any of the other cations is traceable to the exchange
properties of the ash (see Chapter V), As further substantiation of this
statement, the sodium and potassium ions are seen to be leached out much
faster and in greater quantity.

The anion curves, except for the Marengo ash, do not exhibit similar
behavior. The chloride ion has been promptly and effectively leached out,
as was to be expected since all hypothetical combinations present of the
sodium and potassium are highly soluble, but the alkalinity remains at
high level. This, too, is to be expected since the alkalinity is dependent
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48 INVESTIGATION OF LEACHING OF ASH DUMPS

TABLE 9 i pEntH
VARIATIONS IN MOISTURE CONTENT AND TEMPERATURE WIT ! Rl
Ta Loma ash
Marengo ash ! sl
(5-foot sand and gravel cover) (2-foot dirt cover)
bR
) Temp.
4 Percent )
Depth in feet o Ry Depth in feet moisture | Deg:C
Lot e R R ;
22.5 25.1 };
Ly | 19 24.9 13
25.5 20 32.0 12
22.1 23.2 15
R s 24.4 ¢
156
o R
22.7 29 22.7 16
20.3 31 T e
17.0 31 .f
19.6 35.5 Bottom o
25.2 39 ash
20.5 38
19.9 39
19.2 40
18.4 42.5
15.3 42
15.0 42
16.6 42
18.5 44
18.7 43
17.3 42
16.6 42
17.8 42.5
18.7 41
Bottom of
ash
[P Rtk

aeroblC
to a large extent op production of carbon dioxide, by aerobic or a”(.l(f;(s)bin
decomposition of organic matter, which, in turn, places carbona V{ﬁon
solution as the bicarbonates. And there must be such deco}m)oi’al‘ues
taking place if the alkalinity coneehtrations are to reach the high v
found. arbon
The dissolution of the lime, whieh 1S present in the ash, by the c:i\lft‘;

dioxide releaged by the aforementioned decomposition may be represe

by the simple equation

CaCo, 4 COs 4 H,0 — Car+
When water ig saturated (in equilibr
matical relationships exist between the
according to the well-establisheq laws
of Ca*, HCO,, ang pIl are expr
used for calenlating Langelier ¢
tent of oversatu atio
purposes of this sty
Ca’*, HCO:{

+ 2HCO,~

lum) with solid CaCOs, ’“;”tgfs
concentrations of the reac la}ons
of mass action. The intel'rela:tcliely
essed in nomographs which are V}V‘ i
‘saturation indices,”” measuring t 1(? the
1 or undersaturatioy, of a water with lime, Fx(;zveeﬂ
v, it is convenient tg get up the relationship bc‘,.
“and CO, on the basis of the above equation as follows:
[Ca*] [(HCO,-)2
B L
[ CO,J
ies slight]

| | is greatly influ-
The quantity ¢ yap Y with temperature and is greatly
esence of othep 3

i of other
enced by the pr 1ssolved minepa] matter. The ions Olt (f jons
mineral matter reduce effective concentrationg or activities of t lnx in
participating in the equilibrium, Thus, the actual concentrations,

1011.0048
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INVESTIGATION OI LEACHING OF ASH DUMPS il

than in the absence of other

order to attain equilibrium, must be greater
ased by the presence of the

salts. In other words, the solubility is incre

other salts.

For example, a water at 20 degrees . containing one ppm. of CO2, in
equilibrium with lime, will hold in solution 75 ppm. of caleium biecar-
bonate, expressed as CaCOy, if no other salts are present. The value of C
in the above equation, with concentrations expressed as ppm. and the
bicarbonate expressed as CaC0s, is: 1.7 X 10°. If the water contains
other salts sufficient to raise the total mineral content to 800 ppm., the
amount of lime in solution will be about 97.5 ppm., and the value of C in
the above equation will be about 3.7 X 108. This value is for an average
mixture of salts occurring in natural waters. If the ions are mostly
monovalent, the effect is smaller; if they are divalent, the effect is con-

siderably greater.

At mineral concentrations higher than 800 ppm., such as exist in the
leach waters examined, the solubility cannot be caleulated with any
assurance, but it is known that it will continue to increase with higher
mineralization.

The high mineralization of the leach water, particularly the high

sulfate concentration, allows quite large amounts of lime to be dissolved
with only moderate concentrations of unreacted carbon dioxide remain-
ing to maintain the equilibrium. Thus, in the early stage of the leaching
of the Marengo ash, the quantity C had a value of 2.7 X 107, At the
termination of the test, the decline of concentration of other mineral

matter permitted less lime to dissolve, with the quantity C dropping

to 9.0 % 106,

It is evident from this dise
from the ash is determined primar
dioxide, but with the solubility of th
by the simultancous dissolution of the

ussion that the rate of dissolution of lime

ily by the rate of formation of carbon

e lime being materially increased
other salts.

On Pioures 13 and 16 is shown the relationship of total carbon dioxide
to hardness for the La Loma and Marengo ashes, respectively. The values
plotted for total carbon dioxide represent the addition of the half-
bound carbon dioxide computed from the alkalinity, and the free carbon
dioxide computed as outlined in Appendix A. The manner in which the
alkalinity (carbonate hardness) is held up by production of carbon
dioxide is again plainly shown. The rapid 1_'ed.uct§0n of noncarbonate
hardness—principally magnesium sulfate—is indicated by the steep
slope of the total hardness curve compared with the slight slope of the
carbonate hardness curve. Reference to the cation reduction eurves will

ase in the magnesium ion over the same

disclose a corresponding decre } :
volume of leach. Reference to the anton reduction curves will show a

corresponding decrease in the sulfate ion.

The high concentration of sulfate in the leach column, and its retarded
ate of leaching in comparison with chloride, points to the presence of
ealehum sulfate as a solid base. The solubility of caleium sulfate in pure
solution at 20 degrees C. is 2,100 ppm. and the solubility product,
(Car)(S0y) is 2.37 X 104, with concentrations expressed in ppm.
Again using the Marengo ash figures, the ion concent ration product at
fhe beginning of the test was 9.99 % 10-3. The fact that this was so much
higher than the solubility product does not mean that the water was
supersaturated with caleium sulfate, but merely illustrates the increase

1011.0051
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INVESTIGATION OF LEACTIING OF ASTI DUMPS

TABLE 10 |
LOSS ON IGNITION

Marengo ash

Depth in feet

Percent logg

9.83
8.53
8.19

7.54

La Loma ash

Depth in feet

Percent loss

10.1
12.5

Ll na s Il N D e v e

TABLE 11
APPLIED WATER DATA FOR LA LOMA ASH

Date

e
m’ml penetration

Sample collected

Volume in
ml.

Number

Total volume
of water
applied up to
taking of

sample, in mb

1,250

29,68
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T N
Sample collected Total volumg
Jepth of of water

ml.

metration i a\)\g\\\:}:‘ \\\:) ‘\\“
m inches Volume in e aking

sample, in W,

------------------------------------------------------------------------------ AN \_
-------------------------------- R
"""""""""""""""""""" R

---------------------------------- RN
----------------------------------------------------------------- R
----------------------------------------------------------------- R
SO T e e e ““‘.
"""""""""""""""""""""""""""""""""""" ~ NRRRR:
""""""""""""" G| ~ A
1,080 : \“‘\‘
"""""""""""""""""""""""""""""""""" NN

""""""""""""" 0| ARN
------------------------------------------ W A%
1,260 i RAR

1,000 84y ‘\

1,050 I 03 ‘=

_________________________________________ %
1,150 Wi \‘!
------------------------------------------ 19 53¢ o\
1300 N
---------------------------------------- PRI \
1200 it
S
........................................ 2
---------------------------------------------------- b h()“.‘

Qe to the presence of other salts, Just as iy the
wltaneous presence of Yime and caleium Sl fy

case of Neve
ation. product of each to be higher thay 3y oo RS the

e

aal elimination of sulfate will allow the Solubility of

woulq y, e it

» o decline until it veaches a level which 1S only \m(\& ham
oy other salts, Lime will continue to dissolye | Srately

al Tate
TESPRCY, the agh Y .

. e )
SOl containing 1o Will
taining e and

carbon dioxide production. 1n this
. the same manner as any other
natter.
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CHAPTER 1V

THE LABORATORY PERCOLATION STUDY

The following study was made in the laboratory for comparison with
the field study on rainfall penetration presented in Chapter IT. As was
deseribed therein, many variables exist in the field such as the hetero-
geneity of the ash, the varying densities and porosities of the ash, fissures
in the ash leading to short-circuiting of the flow, and climatie conditions.
Further, there is no practical means of controlling these variables if the
test is to be performed on the ash in place. Therefore, to gain such control,
a percolation study was made in the laboratory, caution being taken to
(1) use a uniform ash, (2) eliminate channeling, and (3) obtain a uni-
form density. To obtain these conditions, several representative samples
from the Lacy Street dump were air-dried to a moisture content of about
6 percent. The composite ash was then passed through a No. 10 U. S.
sieve to remove the large particles of clinkers, glass, wood and other
material that would cause short-circuiting or channeling of the perco-
lating water. The ash was then ready for packing in the permeameter
designed and built for this study.

The Permeameter

The operation of the permeameter used is based on the principle that
the flow of a liquid through a medium will cause an increase in the con-
ductance of an electrical current through the medinm. Thus, by knowing
the electrical resistance of the dry medium at any point and by measuring
the decrease in the electrical resistance of the medium caused by the
movement of the liquid past this point at any time, the rate of percola-
tion of the liquid through the medium can be determined. In this par-
ticular study, the medium was ash, and the liquid was distilled water.

The permeameter was constructed of a six-foot length of one-inch I. D.
acrylic plastic tubing. The inside of the tube was coated with paraffin
and then packed with the previously prepaved ash described above. The
bottom of the tube was plugeed with cotton to hold the dry ash in place.
The tube was then gently heated until the paraffin melted. This formed
a thin admixture of ash and paraffin on the inside wall of the tube. This
treatment, it was believed, produced an interior tube roughness apProxi-
mately the same as existed between the ash particles, A pair of dia-
metrically opposed electrodes extending through the sides of the tube and
into the ash, with a eap of three-eighths of an inch between them were
spaced at six-inch intervals along the tube, beginning one-halt inch
below the ash surface. This arrangement is indicated schematically on
Figure 19,

Instrumentation for Recordiné Water Movement

The apparatus used to measure and record the conductivity at each
inerement of depth in the ash as the water moved past the electrodes
consisted of a motor-driven selector switeh, a battery, dropping resistors,

(61)
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and a recording voltmeter. The selector switeh was 1')11’11‘5.("sp(:vla,lrl_\"1 h)ll1
this work and consisted of an 11-inch diameter bakelite dise fitted f u;r
with 15 13- by 2-inch copper bars, called commutator bars, ;m(}. )l
3- by 2-inch copper bars, called identification bars, alternately spacec
around its periphery. et
A brush connected to the slow speed shaft of a speed reducer, in tm];‘_
directly connected to an electric motor, revolved around the circle 01
copper bars, just as the minute hand of any clock passes over the 11()1“1]1
numerals. The brush speed was 0.67 rph. The contact time of the brush
with each commutator bar was four minutes, and with each idenhﬁcatmnj
bar two minutes. These readings were recorded on a recording voltmeter
of the ““smoke chart’ type. Twenty-four-hour charts were used and were
fixed permanently by passing them through a mixture of alcohol and
shellac. A typical chart from the meter is shown in Figure 20. )
Each pair of electrodes was connected in series with a commutator bar
and a dropping resistor (i.e., the first pair of electrodes was conneg“fed
to the first 13-inch commutator bar, the second pair to the second 1}-inch

commutator bar, and so on). The identification bars, connected to known
resistors, served as reference and identification points for interpretation
of the recorded data. The resistors altered the range of the recording
voltmeter during the time the brush contacted the identification bars,
the result being the recording of thy

ee different types of identification
points. Through the use made of the resistors, point or bar numbel‘_()lle
(starting at the top of the disc and proceeding in a clockwise direction)
indicated a larger voltage than bars 6 and 11, and these bars in tur{p
indicated a larger voltage than bars 2,3,45,178 09, 10, 12, 13, 14, and ]7
The effect was to produce a reference impulse pattern as shown in Fig-
ure 20. The wiring diagram for the system is shown in Figure 19. The
installation is further illustrated by Photograph 5.

Method of Operation

The first addition of water to the permeameter was made on April 29th,
and at intervals thereafter according to the manner in which spray
water had been applied to the Lacy Street test plot (see Table 1)-
In other words, the maximum rainfall pattern was again followed.
To simplify the laboratory procedure, the daily additions were made
in milliliters, since the quantities could easily be measured with &
graduate. The smoke charts on the recording voltmeter were changed
daily at the time the water addition was mad(:i and the movement of the
water down through the ash was traced by means of interpretation ©
the impulse patterns on the charts, J

Discussion of Results

In Table 15 the complete dat
both the incrementa] and the
of penetration of water int
schedule for the entire

All data are graphic
downward is indicated
ment depths. The move
water additions, shown

a are given for the applications of watel
cumulative amounts. The resulting depth
o the ash is also tabulated, as is the time
duration of the test. )
ally shown in Figure 18, The course of the watel
by the single line connecting the six-inch nere-
ment of the water has heen correlated with the
by the vertical bars, The solid portion of the bar

1011.0062

s e —



“r

63

INVESTIGATION OF LEACHING OF ASH DUMPS

Apnys uoypjodsad 103 pasn juawdinba |poupe|@ pun J9jowpawiad O M3IA [DIBUSY

€ HdVIOOLOHd

1011.0063



1011.0064



LOWS

Ater

ITE | TS
are=c DYy
MYy

i‘f“il‘i‘l‘vlhf"l\\

L Of wat

1011.0065




INVESTIGATION OF LEACHING OF ASH DUMPS

66

¥I1INVIWEIA OGNV HOLIMS ¥HOLD313S d¥O4 WVHOVIA ONIEIM

HOLON WdY |—AOII-"Hd |

Myxom ¥WY3I9 NOILLONA3MW 1:001

Y313N 170A
SNIGYOI3Y

HILINYINY3D

S3Q0¥.IO3T Sl HONOMHL | 'SON ‘S¥vE NOLLYIIJLIN3Gl

6l 9Id

1011.0066
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PAINTED IN U.8 A,
ca N
PANY

Figure 20

Typical Smoke Chart from Recording Voltmeter
Used for Percolation Study

e ash of 30 inches
£ the recording
to a new position

Notice the water reached a depth in thi
at 7:15 PM as indicated by the swing o
needle from the inside band of points
toward the outer periphery of the chart. The previously
recorded point for the same electrodes may be seen still

in the inside band of points, indicating dry ash, at
in conductance at the six

5340 PM. Note also the change
inch depth as the freshly applied water passes by.
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r, about one-fifty that found in the leach colymns. 1
ed, however, thyt the application of water to the as
ried on in quite g different manner. The minimum -
l‘l per hour, the maximum (),25 inch per hour, :

Che Permeameter, by reason of its construction, c
mitely large field areq for there could be no losses ra
i capillary m“)'\’(‘nu:nt. The rate of movement of
g correspond very closely to movement of rainfa
mp because of the ‘flxlposed boundary conditions.
i April, 1947, a Percolation test was reported on
mdards, Departmen of Public Works, City of Lo,
t, a plastic tube ty inches in diameter by eight f
th ash, Water wag applied at the top in the amount
y firgt 94 hourg and then gpe inch per 24 hours fo
e of water yyqg selected as being the equivalent o
y storm ever recorded ip et

As a result of thig 12-inch addition of water over a
al benetration of 29 inches was obtained after eigh
foid g fm'thel‘, and ‘tho test was terminated g
L e Percolation wag 0.151 inch per ho
PrOXimately ¢() Percent over the average rate of (.
(()1\’9,1. In the'labm‘atory percolation study, only 3.2(
z?\(refjizrr.elght,days, and the pene_trrz}tion was 12 1
A direzt )d el bercolation of 0.063 inch per hour,
lce the raio Dbetween the two tost\ howev
fficult, i¢ nii of app_hcation were far (11ﬂ(*ront.r Al
visual obse ,l,m.posmbie, to determine the (.\x-,l(:t: qo]
2 the prener. 240N alone, Neither is any informatio
B Preparation of the agh or the tube for this tes
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relocity was 0.036
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dially or laterally
water throuoh it
I through an ash

by the Bureau of
5 Angeles. In this
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five-day period, a
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T2 INVESTIGATION OF LEACHING OF ARSI DUMpy

down into the bed by applications of this \"M‘«\ﬁs‘\\\m chloride solution.
1f the ash had any exchange capacity, the cesitim would be digplaced
into solution by the potassinm and would thus be able {4 move down the
bed to greater depths. The fact that there Was an exchanoe of jons and
that the cesium did move down is clearly shown by the data of Table 17
and Figure 22. Referring to the latter, it 1s seen that the hand maximum
moved with successive applications of 50, 25, 25, 25,10, 10, ana 10 ml.
from a depth of less than two inches to a depth of approximately H.2
inches. There was a 24-hour lapse between the last two additions of 25 ml.
During the test, the eluent quantities shown in Table 17 were collected
and their activity checked at a fixed distance from a Vietoreen Thyrode
aluminum eounting tube connected to a Berkeley Decimal Geioer-Muller
Sealer Model 1000-B. An automatic timer was set foy ﬂ\\‘(‘(‘-l\l.lll\‘l\t(‘ count-
ing periods. Table 18 lists the counts per minute, corrected for back-
ground activity. By plotting the activities against the averawe volumes
eluted, there results the elution curve shown in Rieure 99 r;l‘h'\s curvt
clearly demonstrates the movement of the band maximum, and indicate
that the peak radiocesium concentration had passed ouf of {he colum
with the addition of approximately 200 ml. of the potassinm ehloric
solution—onee more lustrating the exchange capacity of the ash.
Figure 24 is included to Wustrate how, by plotting the position of !
band maximum (eurve peaks veferred 0 zero activity on Wigure ¢
against net volume collected, a straight line ig obtained which sho
theoretically intersect the X-axis at the same volume which deferm
the peak of the elution curve, Rigure 23. Actually, the slope of this
is indicative of the veloeity with which the digplaced radiocesinm m
down the bed. For instance, if 100 ml. should be applied in say
minutes, the velocity of the cesium band would be 35 inches in
minutes, or 1.17 inches per minute. If the time of application wt
minute, the veloeity would be 3.5 inches per minute, Obviously, th

soning cannot be carried to extremes becanse the veloeity will ¥
nitely limited by the equilibrium of the process.

TABLE 18

Net volume
collected in
milliliters

CEV G
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Caleylati
ulation
3 e of lon Exchange Capacity
€ actual exchang 1 i
Lt al exchange capacity of the ash is caleulated as
V=v 1
Eolume of solution put into t!
ront out of the column
-, concentrati " site 1
I/, concentration of site fons per cm. depth of bec_
A?ln‘L:)r]](‘(‘lllfl’%lt'.l()]‘t of solution ions per cc. of solution
X;{l ea of bed in square em.
A=depth of bed in cm.
Also

follows :

1e column to move the band

V(K+)=
K X()I:mdss of potassium ion put into bed (
P ') =mass of site ions in bed (2
fu‘{ae;olume of water in bed (¢
£ By s . o 3 & .
) =concentration of potassium 1on 111 solution (
of ions put into the bed

Fro

m the 1: . :

> law of conservation of mass, the mass
t of ions in solution:

must ey
qual the amount of ions on sites plus the amoun
V(K*):,{’dX(Kﬂ—{-faX(K*) (5)
onservation of mass:

frO]n Sy .

which is obtained the general equation for ¢

Solving for K/ ) V=Kl X 4

T (7)

e 5
substitutional values for the adsor

V=200 ml. (from Figure 23)

X —7 inches, or 17.78 em.

£=0.801

A=5.58 square cm.

ption column used were:

Substituting in (7)
200 j
K= U0 .
il 0.801(5.6)
=6.7

cubice em. of ash f !
SR B - thereds obtained :
em, bed
Kd_6011(*(’11t1'11ti()11 of site ions per cubic cm. of ash
S G on et T A e e 3 1
concentration of solution ions per ot of solution

=519

1¢ o
mon reaction for the cation exchanger leads to:
Kit--Cs* ash=Cs*+XK* ash

Di\viding (7) by 5.6

T

Th
he equilibps g .
(uilibrium constant for the exchange reaction 15:

(Cs®) (Kash)

(G):(f{\’ ((Tg'f-'zlslﬂ
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« Solv-
ors. O

ite ion exchangc

‘or organolite ion ex

i ¢ t0 0.80 for organc

and is equal (a )

ing for (K+ ash) .

Pproximately

Cs per cubic em. OE, ?{Sl}}_% (K+ solution)
(K* ash)&O.STpaﬁimmtmn

Substituting :

(K* ash)=.0.8(1.19) (0.0059) | i
= 0.005617 grams (K*) per eu
Expressing in term

‘no ex-
] seporting
acla RO ].(’.I)
S of Cal(}iuln, the customary basi: f
change eapaeities:

0.005617 (40)
grams of (g per cubic em. agh = e au02)
= (0.00288 cubic
Finally, Xpressing the exeh
00t :

s et
f ooralns P

q . IS 0{ o1

ange capacity in term =

(0.00288) (15 439) (7.48) (3.785) (1000)
~-2299) (15.432) (7.

== 1960
1000

Discussion of Results

As a result of the laboy
1S apparent that th
1S seen that th
twentieth that

it

: Cscribedv %

atory study made in the maHﬁ(i)fs.dF“"thegilé-
e ash doeg 'have ion exchall{l'(‘ PI'OI)mn(‘—fC“th tof that
€ exchange capacity of the ash is h'o}n 00sf one—hal1 Orp"
of Commereig] sulfonated resins, and dh‘n‘h in the ads
of glauconite. Howover, this valye applies only to the as

e a
have
edly !
; ) : 1doubt
tion columy, The ash iy place in the field would w
esser exchange

ess
aln
onta
! ; rould €
capacity sinee per unit volun}(‘ ,lt i q for
ash due tq the pregence of large foreign materials.

though only one carefy]]
thig study i

ash was us€¢
¥ selected and prepared (}:\‘}rlm“aﬂ." i
ved to he typical of any {mh orig
8 and undep similar condmonﬂ', -eating atory
10Te or less elaborate methods of t.]; 1‘1' explord rth-
ange beds. While the 1)1‘05(1‘: seems ,‘\v?tif.\"
any very extensive t,njarlnmlf»l,rq would Jw’,l]icll
ne the procedmype that more extensive resu - and one “‘vc v
very flexiplo theory of ion exchange chromato;l‘”.‘l)h'\l ‘{"m- a I'C'mt.l and
18 Drobably gt Suited to tha treatment of data obtainec t of Maye! :on-
i te ang Variable matapig) such as ash, is 111.t‘_ approach ;’
omking (J, Ap, Chem, Soc., 69, 9866 (1947)). T-}.l(k'llll'lttion theoh;
Sists of g theoretieg) Plate treatment, analagous to distill:
Let the :following‘ quantities he defined ;
P = numbey o theoy

» 1t 1S belie
rom simjlgy materig)

18re are seyerg] n
Ormance of deep iop exch
results o N0t warrgnt
while tq outli

t,h() p(‘r‘

retical plateg
V= volume of solution associated with one D]“fe olume)
Ve my Volume of solution in eolumn (hold up (-)m\,
1 = numpep of vg entering 5 plate up to a given m]ﬁ
I n/p — Mumber of g bassed through the colun
Ii = f.racti.on of solute iy any v of solution
S =t ‘action of solute iy the
C = S/

solid phase of any plate
1= dist

¢ 1)0"(‘)
stant (the K, referred to a

B

ribution con
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F.It may be shown that the peak of the elution curve at Frnax, = C. From
“lgure 23, the total volume at the peak minus hold up was 120 ml. The
column hold up volume was 81 ml., 80 C becomes 120/81 or 1.5. This

value compares well with the alternative calculation of K4 which gave

a value of 1.19.
It may be shown moreover that at the peak of the e

Tz, = (23’([)0 (1+C) )—5

[ .
The concentration of radiocesium at the peak was 500 counts per minute
V out of an estimated total

Pt{fr ml. or ca. 40,000 counts per minute per .
of 70,000 counts per minute. Thus, Limax. 18 40,000,/70,000p or 0.57/p,
and insertion into the above equation yields a value of 7.6 theoretical
Plates. This number of theoretical plates corresponds to only about one
Per inch of ecolumn, an extremely low value. This could come about either
through the use of excessively coarse particles, which was not the case

ere, or because the jon exchange process itself was slow. This latter

Seems reasonable. ;
4 s has been seen, from a single column experiment it has been possible
0 estimate the distribution coefficient, the exchange capacity, and to
ote that the exchange appears to be slow. Under circumstances which
:\lroulq warrant it, the column parameters C and p could be used to predict
e distribution in an ash bed, or in the effluent from the bed, for any

desired hed depth.
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CHAPTER VI

SUMMARY OF RESULTS, CONCLUSIONS AND
RECOMMENDATIONS

T )
d‘m};fs ;‘Vgl;k Idone throughout the investigation of the leaching of ash
& Does the‘ la ‘?'}a_ys directed towards securing an answer to the question,
age of hist oarc.ung: of ash dumps either by precipitation or by the pass-
groun dwati;‘klour}dwa,t’,ers tl;rough them consn‘rute.a' major threat to
nated by rl quality ?’ Obviously, the second condition ean be elimi-
to the plioll),loper,selectlon of the location of the dump, but this solution
e em niay not always be economically feasible.

Ill'ilhd' and L!i'borcn‘ory Leach Studies (Chapters Il and M)
actual (;lslas"t({fl_(m of the summary, it is proposed first to examine the
Second to '11 l‘t.l(‘,S of mat;orlals that may b_eileached from a dump, and

Pmbéblt,onslder the effect of these quantities on the groundwater.

v the most important contribution of this report is the follow-

g tg s
& table which shows the pounds of the various materials Jeached per
the application of water.

cubie v,

isticllz((llrd'fl'oln the ashes investigated, by
analysig 0";‘1}?" was used in all cases except for the field study. An
hat itg effec e municipal water supply uged at Lacy Street indicated
Were cop ect on the leach samples could be ienored. The values tabulated
‘omputed by planimetering the areas under the jon concentration

cury 53
€8, without extrapolation.

e ST M QUANTITIES OF LEACHED MATERIAL
I —— = B

er cubic yard of ash

Pounds p
T s D e
Lacy Street rerly Hills La Loma Marengo
e LT G e 12-ft. depth Beveny it
Sodiug s A e e e
n‘*-.

Otassium 0.974 2.87 0.586 1.28
alciur___" 0.274 1.57 0.582 1.22
Agnesiugy, 0.484 0.424 0.377 0,299

loride i 0.110 0.385 0.368 0.137
e e 0.614 5.30 0.202 0.391
TR e R 3.06 4.59 3.57 4.32

Nl s e 0.680 1.33 0.686 8‘1133
\\/ """"" '
fialiee EhE S T

erec;;;lglat]i e)xt}vaction of all ions by leaching w‘0uld rtevet:r t:.ike pIIIaOcvf; ,
Cver, if t},le' i curves were not extrapolated to zero concentration. ;
on iy a1 e extrapolated such that the Jowest ion concentra-
or any o f‘dsi('s is equivalent to the lowest 1011 concentration obtam?_(%
ang tp ne of the leach samples, then all curves are on atn equal basis
e values are:

(LT
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80 INVESTIGATION OR LEACHING OF ASH DUMPS

f QUANTITIES OF LEACHED MATERIAL
|

Pounds per cubic yard of ash
e I
| TS e e g
Mareng
i Lacy Street erly Hills La Loma
! 12-ft, depth Beverly e e
b 1.28
! 0.586 9
k Sodiur{l ~~~~~~~~~~~~~~~~~~~~~~~~~~ 3;17 ngg 0.629 (1):299
‘l Powlum ----------- ¥ 84 0'424 0,377 0.137
| Galonim = St Ol 0.4 ek 0.425 o
| 0.110 0.385 0.3
| Magnesium___ - 02
i 5.30 0.2 4.32
Chlonde e 0o P LT T 0.690 5. ¢
{ 3.58 5.02 3.86 0.444
\ Mol 0 S -5 b 0.686 v
it i Alkalinity ae CaCO,_ . T~ 77777 " 0.680 Al sy libugd .
| Nitrate nitrogen” 111077 2707+ 55 it A e et b S ST, ot RSN PRSI -5
\ | \ el i ] L (A R
il T B e e i S R ey ‘
‘ Totalinches of water applied
i
| e e 4
j! T T R e 1L
t ' 113 90 114
‘L e R Sl
-
K \\ﬁ—
;

4 X 3 .tude Of
No extrapolation Was carried out where the change in the magni
the leach figure woulq be insignificant. i
e 'niml'l
The values shown ip the above tables must be CO“S}(lerﬁddI(;l;s exist,
values, for the possibility of prior leaching due to rainfa t of ground-
owever small. It is certaiy that there has been no movemen .o obtained.
water through the dumps from which the agh sample_s s compare
€ average quantitjeg received from the ash by leaching are originally
with the average quantitieg (obtained by acid extraction)

. upon :
bresent in the agh iy, the following table. The latter are based
unit ash weight of 70 pounds per cubie foot.

-age pounds
Average pounds  Average

o cubic Yar
per cubic yard w‘;rc,';zpliaﬂll
fle:;h::lh present i;, ash
Y 2 5.46
S B 1.48 7)‘24
e e 0.92 48.50
Vil TR S e 0.40 461
AEneStun, Lol ol -
oo L G 5.62
Sulfate """~ ; -
Alkalinity e R T —
Nitrate Nitrogen
G-
L | hat only 11
Wlth tl}e exception of the sulfate jon it will be observed thdtv(;d by A
tiong of the ion quantitieg originally present have been remo o
eaching Process Continyeq re

eal

3 : rould m

moval of the sulfate ion “?'tn come oub

sodinm anq Potassium ion smcgthey‘ (’iu(' tion con-
i anion. If carhon dioxide produc

o furt

: y ! reans for fu

( e .blcarbonate 10n would provide a means f beell
removal of botassium apq sodi

removed than goa;

«cinm has

um. The fact that Jess pota“_&”t‘ﬁrml.v held
40 sodium may pe explained by its heing more tig
by the zeolite Present.

£ god
: 5 0f 50¢
€ maximum amount, of any cation leached wag 2.89 pounds

5 L OTTeS Hond
Der cubic yarq of ah. In a dump 95 feet deep, this would C‘“}l;rg woul€
APProximately 58 g, PET acre. In the cage of potassium, th

SO

junk
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e ion present. Although these values ap-
the amount of water it required to obtain
take to leach those quan-
‘must not be over-

Ega??h@ons per acre of leachabl
e 1gh on first examination,
fities f‘t;l_(tihthe length of time it would normally
L 'lI‘ ! the consequent dilution factor available,
S .w lere seems little doubt but that dilution of leach by ground
i ould result in concentrations of sodium and potassium which

1d not in any way adversely affect groundwater quality. 1f all the

sod b : ) qu t
c()nldui]tl.l and potassium ions could be Jeached out, and if ideal percolation
lons existed, it might be assumed that normal rainfall over a six

Year 5
ar period would accomplish the above noted removals at yearly rates

of )
ten and five tons per acre. Ten tons of sodium leached by 15 inches of
£ 20,000 pounds in 1.25

o
a&ei?;f?;ito‘f I one acre means a conceptra_tion 0 )
will red 2. ator, oy 5,900 ppm. A dilution factor of as little as 100:1
When thuce this concentration to a value of 1o importance, especially
is eonside Hlow rate at which the pollutant would enter the grogndwater
isplac sl‘ed. It is expected that it would take several years for ions to be
HQuifere downward by rainfall to a level where they would enter an
P ;lg;ealat.el'al movement of groundwater through an ash dump would
than given amount of sodium or potassium 1N solution much faster
throy }?l'lld percolating precipitation, but the v_olume of water passing
and g and out of an ash dump, hecessarily limited by the permeability
ydraulic gradient, would be but & ¢mall fraction of the underground

Su y e . . .
thg Ply, and ereat dilution would still be available. It is estimated that
d 0.04 gallons per

SQuaiOFndwater flow through ash would not excee ; 5

n Ap oot per day on the basis of the permeability coefficient reportel

Wag &tD]endlx B. The average rates at which water was applied to the ash
n t} east 10 times this rate in all cases. e

1e other hand, a well located in close proximity to an ash dump,

serioﬂeﬁel‘.'mg drainage directly from the dump, could have its quality

fon a0 mpaired, see Appendix C. This represents an extreme condi-

» and one which can be foreseen in the location of future ash deposits.

entration to be presented

(Figure 15), and then

Ql‘ag}t]ligz?’lnm"’gf'}l was found in sufficient conc
only ip t} ¥ only in the case of the Marengo ash s L) Ao il
Dears in 1¢ amount of 0.147 pounds per cubic )jard. Here, a},.lnn,f ‘ t}Ie
full gy possible that impairment of water quality would resu t, 01t )
0 umel(?u{lt would be added gradually over & long period of time to la
Watep ﬂdﬁ‘.prdmg tremendous dilution. Even with leaching by groqni:
e such (?Wlllg through the dump, its speed and volume wo.uld.eertam Y
Sary ¢, ﬁs to make the leach process slow and insure the dilution necles;
of 30 ¢, old the concentration well below an accepted ;11ax11nurildv::;( 1ut
or he 0 40 ppm. In any event, it is unlikely that conditions wou eh bd
Permitted to exist which would mean the addition of the leache

ity Led
itee}fz a limited groundwater yolume. S
consjdep ll)nmatmn of the data pregnﬁcd indicates ,1(; M
v aeroa~ le production of carbon dioxide. Principally this \;\111 LT
-Iol‘med blC 'rln_d anaerobic decomposition; however a sma al‘ whicﬁ
ditque by oxidation of the organic matter present by oxygelghe b
esen: Into the dump from the atmosphere. I.Ipon_coptact with e
anqd o In the ash and the leach water, carbon dioxide eause_s' o
i lcarbonate jons to go into solution according to the physical chem

Stry |,
aws of mass action.
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82 INVESTIGATION OF LEACHING OF ASH DUMPS
As is discussed in detail in Ch
i held in equilibrium with the carb
1 to be supersaturated with calei

apter III, an excess amount of lime 1s
on dioxide, and the leach water app6315
um bicarbonate. However, as is pomte1
out, this is due to the activities of (Ca**) and (HCO4~) being depressed
by other salts, especially divalent salts in solution,

Most groundwaters in this are are in carbonate equilibrium, therefore
| pH is equal to pH,. ) e
A leach entering the groundwater will be diluted, which resu']ts in th >

activity of the ions being inereased. With this increase in activity of t g

ions, the equilibrium of the mixture of leach and groundwater is s}nftle_d

| so that pH is greater than pH,, resulting in the precipitation of so }1
\;f caleium carbonate until equilibrium is again established. This results it

|

: : on the
a very small increase in the total hardness of the groundwater when th
large dilution factor is considered,

To illustrate how the quality of

groundwater might be affected as &
result of entrance of Ca* HCO,~

y and COs by leach, Figure 24A has b(%el;
prepared. The figure shows two bars, one representing an average Lo
leach water and the other an average 'well water in this area. The tv]v(z
bars are located 100 unitg apart, and the midpoints of the bars at tll(;
division lines between jong have been connected by straight lines. T 1)“
resulting alkalinity, Ca*, and CO, of a water can be approximately P”"
dicted by erecting a bar at the proper position. This does not, however,
take into account any shifting of the equilibrium as mentioned aboV)er-

It has been estimated that the Lacy Street incinerator produced a 109
tons of ash per day when i i

> ash was deposited to a depth of 12 feﬁ]’ .
er flow is 2.3 second-feet. Using one year’s a!

deposit (300 operating days) the resulting dilution of leach would be
approximately 1,000 to one, By

000 ¢ using this estimate, which has been calcu-
lated, and applying it to Figu

. re 24A it can be seen that little change
would oceur in the groundwater,

. . . 3 l
Caleulations Indicate free carbon dioxide to be present in the 1eg(c)1)
waters analyzed in amounts varying from g minimum of 7.2 (Mareng0/)

to a maximum of 306 ppm. (Lacy Street). The average content was 9
ppm. A comparison

of the free carbon dioxide values with the blcai
bonate valueg indicate that the total carhon dioxide produced has reacte
0Ly a very small amount ig left. nd=
egative ions which would be added to the grou bi-
he bicarbonates, sulfates, phosphates, and chlorides. ’[‘hebOrl
carbonate ion is dire by caleium (or magnesium) and car tes
dioxide equilibrium which has heen diseussed. Both chloride and nltrt': 0
e, and would effectively and rapidly be leached Ouhese
an ash. Any possiple deleterioug effect on the groundwater from t as
1ons would be short-lived due to increasing dilution. Phosphate wn.
_fom}d in negligible quantities, Excluding the nitrate, which was fOlt;live
n high concentration in only one of the four ashes examined, the ne'{fia re
ects of their own, but must be consi :ta/s-
ations, such as sodium chloride, or P
The effect of the

: ! und-
: the alkali metalg and certain of the cations on gro
waters is a subject j

: this
) S 18 ¢ In tself, and not entirely within the scope of
Investigation. Much o ;

. iect, one
‘an be found in the literature on this subject;

—
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84 INVESTIGATION OF LEACHING OF ASH DUMPS
of the best and most recent being

Pomeroy’s ‘‘ Report on Probable Ground
Water Pollution from Rubbish

Dumps’” which appears in “Bep%r. zt‘i}l’&g
the Collection and Disposal of Refuse in the County Sanitation nlkChie ;
of Los Angeles County, California’’ prepared by Mr. A M Rawn,
Engineer and General Manager, i
Spot checks were made of the leach waters for the rare metals, an

; R ; und 10
| copper, aluminum, lithium, manganese and vanadium, were fo

!l quantities less than one ppm

{

d
-, barium one ppm., boron five pg:ﬁ.{i;ﬁil
strontium 15 ppm. The boron was considered to be high, so a

ement. A few leach waters from tl%;{a};
oratory leach columns were checked with the following resultS:1 i 11.1’
14.5 ppm. ; M-9, 11.9 ppm. ; M-14, 89 ppm. ; M-16, 8.1 bR b L
ppm. With many growers being boron conscious, especially those 1 To
L citrus orchards, the figures noted above may give cause.for alarrixn.cor_
' many, therefore, the following comments, prepared espemally fwor.rineel‘,
poration in this treatise by Dr. Richard Pomeroy, Chemical Engme
Pasadena, California, will he of great interest. ; otas
Boron is an essentia] plant nutrient and is present in all veg

% m.
tion. The boron content of fruit tree leaves, for instance, is 10-150 pp
of the dry weight.! Tt y

must be added ag o fertilizer where S%lllsrr?;;)s
irrigation waters do not provide for the crop requirements. ‘ntq
and alfalfa are exampleg of erops with high boron 1'0(1“"'9‘“‘?1 S
boron deficiency usually exists where the boron content of sol gt
tions is below 0.5 ppm2 Excessive concentrations of boron ean b.et'on 0
ful, especially to citrus trees and to walnut trees. A conce nt.rd 1reac
0.5 ppm. in irrigation Water, which might allow concentrations to i
several ppm in the goi] solution, is considered to be the dang? rborax
for these crops. But even citrug groves require additions -Od 3
where amounts in the soil are inadequate, as in parts of Flo}'l o ly in
i i boron ig accumulated in vegetation, pal‘tl.cula? }Xig
leaves, and like potassium itg concentration in ashes is relat.lvf“ll.V hig
h other lesg common minerals. The relative y fact.
concentration in the leach waters examined results from this tion
Most of the boron i ordinary soils is held in states of adsorp

. . . . . ] SOlu_
or chemical combination with other soil components. Boron 1m SY°
tion and boron in solid

A b-

phase tend toward equilibrium, but this qulltl e

rium is approached very slowly. With short distance of travel 1 ater

soil and short periods of contact, much of the boron added in a “;1 50

of composition foreign to the gyog will continue to be in ‘qomtioti’on-
that it might be picke up in wells close to sources of heavy pollu we

0 inerease of horgp content might possibly be detected 1n & gue
fairly close to an ash dump if such well intercepted leachings n-lt%

amounts as to show conspienons changes in the other components.

this leaching became distrib i

tact with the goi) for

tent
months or years, the effect on the boron con
of the groundwater will he ;

. i en-
ﬁ n:)‘);t groundwaters of thig area the boron concentrations i;ll;i 5"“’
erally 0.2 t0 0.3 ppm. Evep ; i upxed Al i
- - Pp 1 if no fixation of boron oeeu
enworthy, A, L., Proc, Am, Soc, Hort. Sei b 5 jlaui
2 Ea%gggand Wilcox, “The Behavior ofo‘léorso?leirr)\cgbisl;,'g %)'E)S(.)%‘iln gimetm 696, Decenl
3 Reuther ang Smith, Citryg Industry, g1 (1950), No. 2, 2.7, 20,

:l analyses were made for thig o]
|

i
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oundwater still would
at would damage the
] to plants with high

not r ai;;’i}?ne part of leach with 40 parts of gr
Sensitive c}oe jbol‘on coneentration to a level th
ps, but probably would be beneficia

0ro; s

N;lf:;]fnrements.
areas, oy f:;,felfs of high boron content usually come from hot spring
I g be'n waters which have contacted young igneous rocks. ;
as been us‘edoft Pd tbat Owens aqueduct water, with 0.5 ppm. of boron,
e increase of01 35 years for irrigation in the San Fernando Valley.
oceurs hecause Ipln(’ral content in groundwater under irrigated lands
Nan Ferngnd 8 concentration by evaporation, and this is true in the
o Valley, yet the boron concentration in this ground water

Teémaing ¢
s at approximately 0.2 ppm.

CO"C’Usions
ages, it 18 possible to

Fr

om t}

d e summs i :

Taw severs mmary presented in the following P

o 1141 conclusions ¥
dundwater may be expected t

al
alles n
. Th :
nown g beZIé);eC]se rate at which such
, remains a matter of strong conjecture, gor undoubtedly
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between penetration from 6 to 12 inches, or 42 to 48 inches. The latter
stretch of the graph shows very plainly how the rate of percolation slows
when the frequency and volume of applied water is lessened. In fact,
from observations made, and from a study of Figure 18, it is quite cer-
tain that once the application of water ceases the percolation rate rapidly
slows down to something approaching a standstill. To illustrate, the water
did not penetrate to the five-inch depth, from the 4}-inch depth, until
a heavy application was made at 528 hours. What the slope of the graph
would be from the time the water reached the 43-foot depth until the
water application at 528 hours was made is a matter of conjecture, and
in all probability the water would not have reached the five-foot depth
without the addition being made. Even as long as eight days following
completion of the permeameter test, the cotton plug in the bottom of
the permeameter, two inches below the bottom electrodes, remained dry:

[f it is assumed that the water will move as much as 12 inches follow-
ing conclusion of the rainy season, and if ensuing rainy seasons be of
normal intensities, the probable time for the rainwater to penetrate the
ash will be four years. With a prolonged drought, such as was recently
experienced in this area, the time of complete penetration would be con-
siderably greater.

These caleulations do not take into account the effect of evaporation
at the surface of the dump, nor additional loss of moisture by reason
of upward capillary movement as the surface dries. nor lateral capillary
movement, all of which would have the effect 0{’71)1-0]0110&11"' the time
interval. They'are also based on the ash havine an illitialhnm?sture eon-
'gent of approximately six percent, a value perh?xps half that oncountered
in the field. Observatiqns made during the percolation study definitely
indicate that water will move much faster throuch an ash previously
wetted. Any given application of water to the pe;meameter was foun
to move rapidly down through the ash until the dry material was reached,
although the velocity decreased as the water band widened. A similar
situation was experienced at the Lacy Street test site. The last appli-

cation of water to the surface was made in early October, and the dump
at that time was undoubtedly y

thoroughly satur m w rains,
i . s ated. The January ;
while far below the ineremen L y :

t additions of sin infe de 1
s simulated rainfall made 1t
October, nevertheless passed ra

pidly throue 3 ; roducec
leach samples at all levels, Tt i g e dun ans B

A ; s also to p initial 28-day
application of a simulated rainfall of lti)l(:l‘}l{li(l)ltlil(}llﬂil;llIe:ll;(ixt\l'n1:(»11(1[ the ash
known to have.a moisture content of 9 to 1( percent k)(:n‘etmted tosd
depth of seven feet. This represents a percolation \'(*1(;ci{\rl<>1’ (.25 foot per
daxt}tl}(])wever, 1t 1s known that some channeling must have taken plact
5 ’aqefcon(e}usmn of the laboratory test, using the permeameter, the
Sh was found to be uniformly wet ‘from the top to the bottom set O
electrodes and to have a moisture content of 93 1(" )erlém This value
agrees clgsely with the computed value of é‘% ()8’ . \? : t(l .

; lhe_eﬁe(-t of hold-over of the water fr > ‘pflcen 4 .t he con-
sidered. Once wet, the ash wil] L L R e I
il ; o1¢ ash will not dry out, and each year’s precipitatlo
Wwill penetrate to the driest bang, bringing the moisture content up t© 2

value equivalent to that of th i b
_ : , A TR e I L tha
might take is highly pmb]mmﬁ(g‘](I]"’m"“ SRl How oty roais
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C())Lc[ 3 ‘ ;

conditi()ﬁb :)‘;“tbh ‘Because of the many variables involved, particularly the
tontent, it is ‘d?f?i%h when freshly placed from the standpoint of moisture
asis of t}lellab( “;Ult to. draw any precise conelusions. However, 01 the
reasonable to ¢ % ‘1t0ry investigation and other observations, it appears
tent of 6 to 10 oneclude that an ash dump having an initial moisture con-
10 percent and a depth of 95 feet will admit penetration to the

ottom i
n two y G g . SR .
years, assuming conditions of heaviest recorded rainfalls
ainfall existing

Such g

. S the 19 4 %

In this ayeq -i-i4‘0-4]. season. With conditions of average I'

I & period of appears that complete penetration would be effected only
1 of four years or more. ;

The |
on Exchange Study (Chapter V)

Sunmmar
fully );;f((f;‘-‘/ .Uf Results. The experiments
that it 11;(;“'0(.1’ representative sample of
Mineq (’-‘Xl)érli(m exchange properties. The distribution co¢
eal conside “m.enta,ll_v ch_ecked closely with that developed
rations. The ion exchange process appeared to

Con :
sonelusio
Stons Y . o 2
and which is 4} The exchange capacity of the ash used for this study,
Similar ;g Te‘x-i i(’“ghf to be typical of any ash originally created from
terials and under similar conditions, Was £ound to be approxi-

Inate]
¥ 1,260 grains per cubic foot.

Recommen ;
eha\vi(:rog?daf“’"s- The experiment reported here on the ion exchang
eXchange o ash has served to indicate the presence oL & gignificant ion
ne("dedhif; t]dpacuyv but a considerable amount of additional work 18
t “"Ouldwbnah”‘? of this capacity is to be known more Pyl W
Uvalent iong e desirable, for example, to determine the_capaclty for
le cﬂl)acit\:s’ fthmugh the use of radiocalcium or radiobariumn, and also
eXperiment or anions, through the use of radiochloride. The present
one agh gan was semiqualitative in naturé, and was carried out on only
a8 eollln;nmple‘ More accurate future work would involve batch as \_;vell
More detailexp.e riments on a variety of ash samples, de81g_11ed to yield
Or varioug 9ignlsnformation about the capacity and rate of 100 exchange
tw -
Able iogl;]d-be of interest, also, to determine the distribution of exchange-
long, of p(s,:,'e",wha_t percent of the exchange capacity consists of sodiux i
analygag Ofdssmm jons, of caleium ions, ete.), s would be de‘germmed.by ,
about the p column effluent solutions. Additiopally, some
Xperimentature. of the ion exchange material itself wo
®Xchange ¢ s might be conducted 1o determine to Wi
e fux:eti(apamty varied with pH (an indication of the aeid str
“apacity 'c‘)nal group of the ion exchanger ),
Tactiong (%uld be identified with the organic an
of the ash. Thus, the exchange might be due to pheno
1 i ¢ vegetable origin, or 1

0xvli
AVlie and simi .
i d similar acid groups M residues 0
rganic components.

1ght

llelt))% Sue to silicates and other ino i

data whie \e prime reasons for undertaking the experiment Was to obtain

fom thle(h] might aid in the explanation Iytical results obtained

woulq 1, each samples. Whether the additional work o_uﬂmed above
ave any real, practical value is @ question which cannot be

anSVV
ered j ;
In the light of the work done so 1ar.

performed on a qereened, care-
ash indicated Vvery definitely
fhicient deter-
from theoret-

be, slow.
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