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FOREWORD

In an area such as California, where water becomes a limiting factor
in growth and development, the possibilities of waste water reclamation
take on special significance. Although sanitary engineers have acquired
a knowledge of the kind of effluent that can be produced by waste treat-
ment, much information is still needed on the use of treatment plant
effluent for irrigation and for recharging underground water basins by
means of spreading ponds or injection wells. The report contained in
the following pages is the result of a field investigation on one .phase
of the problem of waste water reclamation—that of underground re-
charge by spreading.

This investigation was commenced in February, 1950, when the State
Department of Public Health was designated by the Surgeon General
of the U. S. Public Health Service as the California ‘‘state water pollu-
tion agency’’ for the purposes of the Federal Water Pollution Control
Act (Public Law 845, 80th Congress) and, as such, became the recipient

~of a federal grant for research in the field of water pollution. Using

| funds from this grant, the department contracted with the University

of California for a field investigation and research on waste water recla-
mation and utilization in relation to underground water pollution.

In March, 1951, the State Water Pollution Control Board was des-
ignated as the ‘‘state water pollution agency’’ for the purposes of
Public Law 845, and the waste water reclamation study was continued
under the sponsorship of the state board until its completion on June 30,
1952. Following submission of the final report by the university, the

. "board authorized its publication and distribution,
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The investigation was eonducted by the university’s Sanitary Engi-
neering Research Project under the direction of Professor Harold B.
Gotaas, and the investigative work was done principally by Mr. Arnold E.
Greenberg of the project staff. The site chosen for the study was adjacent
to the City of Lodi’s sewage treatment plant. Through the cooperation
of the Lodi City Council and with the assistance of Mr. II. D. Weller,
City Manager, and Mr. Arthur Heckenlaible, City Engineer, facilities of
the city’s treatment plant were made available to the university.

As outlined in more detail in the preface to the report, this investiga-
tion was made (on specially prepared test plots) primarily for the pur-
pose of determining rates of percolation through different soils, optimum
spreading periods, extent of penetration of mineral and organic matter
in the waste water, changes in mineral and organic characteristies of
both soil and waste water, degree of treatment necessary, and costs of
spreading operations.

Although the investigation reported herein was conducted under the
sponsorship and direction of the State Department of Public Health
and the State Water Pollution Control Board, the conclusions and rec-
ommendations given in the report are those of the research contractor
and do not reflect opinions or policies of the contracting agencies.

T (3)
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PREFACE

Organization of Study

The investigation of waste water reclamation in relation to ground
water pollution herein reported was conducted by the Sanitary Engi-
neering Research Project of the University of California. During the
Fiscal Year 1949-50 and the first nine months of the Fiscal Year 1950-51
the State Department of Public Health was designated ‘‘state water
pollution agency’’ of California for the purposes of the Federal Water
Pollution Control Act (Public Law 845). In accordance with Section:
8(a) of the act, the department entered into contracts with the Regents
of the University of California under which funds were provided to
support waste water reclamation studies by the University.

On Mareh 80, 1951, the State Water Pollution Control Board was
designated as the ‘‘state water pollution agency.’’ This board continued
the policy of supporting research on waste water reclamation and pro-
vided an additional grant of Public Law 845 funds to support the
Project until its termination on June 30, 1952.

The study was made under the general direction of Professor Harold
B. Gotaas, Chairman, Division of Civil Engineering and Irrigation of
the University. Vinton W. Bacon, as Assistant Director of the Sanitary
Engineering Research Project, developed and guided the study at its
inception, with the assistance of Dr. Jerome F. Thomas, and Raymond
V. Stone, who later succeeded Mr. Bacon as assistant director. Professor
Harvey F. Ludwig directed a considerable portion of the work before
joining the staff of the U. S. Public Health Service. Throughout the
final eighteen months of the study Arnold E. Greenberg was responsible
for the conduct of the field work. The final report was prepared for
Dublication by Mr. Greenberg with the editorial assistance of P. 15[
MeGauhey, Assistant Director.

Purpose of Study

The purpose of the project as set forth in the Standard Service Agree-
ment (No. 1472) between the State Department of Public Health and the
Regents of the University of California under date of February 14, 1950,
ang as continued in Standard Service Agreement No. 14 A-1 with the
State Water Pollution Control Board, was as follows:

“Tor the performance of laboratory and field investigations on
specially prepared small test plots in order to determine the following:

(1) Rate of percolation of industrial waste and sewage effluents on
different soil types during spreading operations;

(2) Optimum spreading and resting periods to obtain maximum
rates of percolation;

(3) Extent and degree to which mineral and organic matter (in-
cluding bacteria) in the water will penetrate different soils;

(4) Changes in mineral and organic characteristics of both soil
and water at different depths during percolation;

(9)
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10 / WASTE WATER RECLAMATION

(5) Degree of treatment necessary for industrial waste
age to obtain satisfactory percolation rates, protectio
contamination and nuisances (odors, etc.) and protec
underground water supply ;

(6) Cost of spreading, as far as this is incidental to researe
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SUMMARY AND CONCLUSIONS

Summary

For a period of 28 months the Sanitary Engineering Research Project
of the University of California investigated the reclamation of water
from sewage by spreading. This work was supported by federal funds
granted under Public Law 845 and administered at first by the State
Department of Public Health and later by the State Water Pollution
Control Board, and by funds contributed by the University of California.

The principal objectives of the investigation included a study of

spreading on field plots to determine the following:

1. Rate of percolation of industrial waste and sewage effluents on
different soil types during spreading operations.

9. Optimum spreading and resting periods to obtain maximum rates
of percolation.

3. Txtent and degree to which mineral and organic matter (including
bacteria) in the water will penetrate different soils.

4. Changes in mineral and organic characteristics of both soil and
water at different depths during percolation.

5. Degree of treatment necessary for industrial waste and sewage
to obtain satisfactory percolation rates, protection against con-
tamination and nuisance (odors, etc.) and protection of under-
ground water supply.

6. Cost of spreading, as far as this is incidental to research.

A site suitable for such a study was selected adjacent to the sewage
treatment plant in the City of Liodi, California. Bight circular spreading
basins, 19 feet in diameter, were constructed with sheet metal dikes.
Tour of the basins were equipped with sampling facilities so that samples
of the percolating liquid could be collected for bacteriological and
chemical analyses at 1, 2, 4, 7, 10 and 13 feet below the ground surface.
Spreading was studied with three liquids: fresh water, sewage treat-
ment plant final effluent having a BOD of about 10 ppm, and settled
sewage with a BOD of about 100 ppm.

A number of operating variables were studied in order to determine
the conditions leading to maximum percolation rates and minimum con-
tamination or pollution of the ground water. These variables included :

1. The nature of the liquid being spread.

9. The length of the spreading period.

3. The length of the resting period.

4. The effect of surface treatment quch as spading, the use of a sand

cover, and the application of a soil stabilizer.

After the termination of the field study the installations were dis-
mantled and a careful study made of soil conditions and sampling de-
vices.®

» See Addendum, page 77 et sed.

(16)
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16 WASTE WATER RECLAMATION

" Conclusions

1. A bacteriologically safe water can be produced from settled sewage
or from final effluent if the liquid passes through at least four feet of soil,

2. A water of satisfactory chemical quality can be produced from
settled sewage or from final effluent, providing high concentrations of
undesirable industrial wastes are not included in the raw sewage.

3. A highly treated sewage plant effluent must be used for spreading
in order to obtain high rates of percolation.

4. A percolation rate of at least 0.5 acre-feet per acre per day can
be expected when spreading a final effluent on a Hanford fine sandy loam,

5. The optimum method of spreading basin operation is to spread
continuously for about a month, preferably with a liquid containing large
amounts of organic matter, then to allow the basin to rest until the
moisture content is reduced to about the permanent wilting point. There-
after, eultivation of the dry soil seems desirable. Following this prelim-
inary treatment, continuous application of a final effluent, may be car-
ried on for as long as six months, Resting and cultivation may then be
repeated.

6. Mosquitoes in spreading basins will create a nuisance and health
hazard unless control measures are adopted. If algal odors are pro-
nounced, the control of algae may also be necessary.

7. Further investigations of percolation of sewage in different soils,
and of phenomena associated with the movement of water into such
soils, are needed in order to generalize the foregoing conclusions reached
as a result of this study with Hanford fine sandy loam.
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WASTE WATER RECLAMATION 17

INTRODUCTION

The reclamation of sewage has been practiced for many years. Cess-
pools and septic tanks have returned sewage effluents to the soil for
centuries. Sewage farms and farms utilizing sewage effluents have done
likewise. Reclamation of this type has been termed incidental (1-3)
gince the reclamation of water is incidental to the disposal of sewage.
Planned reclamation, as distinct from incidental reclamation, is a more
recent development. It is designed specifically to produce a usable water
from sewage. Not only may water be produced for use in industry (4)
and agriculture (5) but it may also be returned to the ground water
by means of surface spreading or injection wells. In water shortage areas
such as parts of California where large quantities of sewage are now
being discharged to the ocean, planned reclamation is receiving serious
consideration, since it may relieve the overdraft on local water resources
more economically than by the importing of water from distant places
or by the distilling of sea water (G

One of the first planned operations for the reclamation of sewage
water by spreading was begun in Los Angeles, California, in the early
1930’s. Tt was demonstrated (8) that a highly polished sewage treat-
ment plant effluent could be spread on soil, thereby contributing sig-
nificantly to the ground water without impairing its quality. A percola-
tion rate of 3 acre-feet per acre per day was considered feasible. A later
review of sewage salvage (9) presented a viewpoint not now generally
accepted in California: namely, that planned reclamation programs for
ground water replenishment were rare and usually unsound economic
ventures. A survey condueted by a Board of Engineers of Los Angeles
County (1) concluded that safe additions may be made to the ground
water and, further, that the cost of water reclaimed from sewage is
competitive with that of water obtained from other sources. Included
in their report was a description of an experimental spreading basin
at the Whittier sewage treatment plant. The same agency made a sub-
sequent study at the treatment plant in Azusa. The results of both
operations were described by Stone and Garber (10). These authors
concluded that percolation rates of about 2 feet per day could be ex-
pected in spreading a final sewage treatment plant effluent on a rela-
tively coarse soil. Freeman (6) in a report to the Santa Clara Water
Conservation District recommended that a well polished effluent could
be spread at a safe rate of 0.5 acre-feet per acre per day and that no
significant changes in the ground water quality would result. Still an-
other review (3) stated that planned reclamation works, in water short-
age areas, were definitely competitive in cost with other methods of
obtaining additional water. : :

Although investigations made during the past 20 years presented some
conflicting data, they supported the general view that reclamation of
sewage by spreading is both safe and practical. Tt was therefore deemed
worthwhile to continue such investigations, placing special emphasis on
the fundamental problems involved. Accordingly, such a project was
undertaken by the University of California at Berkeley.
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18 WASTE WATER RECLAMATION

SITE FOR THE FIELD SPREADING STUDY

In March of 1950, after consulting with a number of agencies in the
State which had done test work on spreading and percolation of fresh
and reclaimed waters, preparations were made for the selection of a site
and the construction of spreading basins.

To obtain conditions approximating those which might be encountered
in an actual spreading operation, it was decided to conduct the investiga-
tion at a sewage treatment plant which received both industrial and do-
mestic wastes. For ideal conditions such a plant and spreading site should
provide:

1. A sewage treatment plant employing both primary and secondary
treatment.

2. An area adjacent to the plant suitable for spreading operations,

3. A soil which is not too impervious.

4. An underground water table 20 or more feet below ground surface.

5. A location not too distant from the university laboratories.

With these criteria in mind, members of the Sanitary Engineering
Rescarch Project staff and representatives of the Bureau of Sanitary
Engineering of the State Department of Public Health studied eleven
sewage treatment plants within a radius of 200 miles of Berkeley. These
plants were located at Alisal, Chowchilla, Fresno, Gilroy, Lodi, Madera,
Manteca, Morgan Hill, Salinas, Tracy, and Turlock (Table 1). Although
each of these plants provided sewage treatment facilities, unsuitable
soil conditions or high water tables immediately eliminated all but two
plants from further consideration. These plants were located at Lodi
and Turlock, and they were investigated thoroughly before making the
final choice of site.

Test borings made at Turlock showed the presence of an impervious
hardpan at depths between 2 and 44 feet, which made this site unsatis-
factory. At Lodi, occasional lenses of impervious clay were found at
depths varying from 8 to 20 feet below the surface. It appeared possible,
however, to select an area of sufficient size for the needs of this study
in which the clay stratum was 13 or more feet from the surface.

The site at Lodi, as measured against the five criteria for an ideal
site, showed it to be generally satisfactory.

1. Provision of Primary and Secondary Sewage Treatment

The sewage treatment plant is an activated sludge plant about 30
years old (Figs. 1 and 2) treating an average of 2.0 million gallons per
day. The raw sewage passes through a coarse bar screen, a revolving
mechanically cleaned fine screen, and then directly into the aeration
tank. The mixed aeration tank liquor passes to a sedimentation tank
where separation of the solids from the liquid is affected. Both the liquid
and solid phases of the treated sewage are discharged through separate
closed channels to a stream five miles distant from the plant.

The biochemical oxygen demand (BOD) of the effluent ranges from
10 to 15 parts per million (ppm). The turbidity is of the same order of
magnitude.

1012.0018



WASTE WATER RECLAMATION

a1qe)

17y-01q

1998M USIY puB [I0s snorarpdwiy 00T QS A e s e e e aqopy ¥ 95®)s oM} pu® INY Julysnoy |~ sBuIBg

[Bsodsip pu®l yim
[10s snorazaduy (R Ermet o i e e e 3y3y A104 ot 10y Juiply  ‘uey  Foywy |TTTTTOTT IH uBsioy

919%3 [esodsip
Isyem ySrg pue [Ios snorardury oL ¥ ---ued piey moO[[eys Yjim ApUBg 0r< pu®] M I9)[y-01q ArBWMJ |TTTTTTTTTTOOC BO9JUBIAL
0¢6T ABIN peyo[duwiod Jue[d e e e e e et e e R e G T BIOPBIN
A10308ISTIEY 08 G Eari sy e wgo[ APUBS [ et e e T 93pn[s PAYBANIY |TTTTTTTTTTIITTI PO
1108 snoraraduwy o8 R e e e e G F e e weo] AABOH (ORL L i P e [esodsIp puB[ Y3M AWM |77 7777777 7T Koain)
; AapeyIeg w01} JUeISIq 002 (&) e | P et g wgo] £pusy (3T s i e iy o e e e LTSRS iaE e o ousaly
0961 ABIN PR3R[dI0d UL o e e e i e Bl S B[IYPA0YD
1108 snotazsdwy () Ll e s va s e e aqops-ued pIBH S| e INEOIgE (§esass via e 1Sy

SN IO
SYIBWRY %mmw..“wm wEMWw%a M Tos wdﬁmm.ﬁ papiaoid JUsWI}BAI} 9TBMG uo1BIOT
s0uB)SI(T Furpeaidg

AQNLS ONIAVI™dS 41314 YOd GILVOILSIANI S3LIS

L 318Vl

1012.0019



20 WASTE WATER RECLAMATION

It will be noted that the plant produces a good final effluent although

a primary effluent (settled sewage) is unobtainable. The absence of con-
ventional primary treatment was not of major importance since settled
sewage could be provided at little additional cost.

2. Area Suitable for Spreading

The sewage treatment plant is located outside the city limits and with

the exception of the operator’s residence there are no dwellings within
a radius of 200 yards. Immediately adjacent to the plant is a 15-acre

field owned by the city. A portion of this field was available for the
spreading study.

FIGURE 1.

Aeration and sedimentation basins, Lodi sewage treatment plant

3. A Soil Which Is Not Impervious

Prior to and during the construction of the spreading basins, samples
of the soil taken from the basin area were collected and analyzed in the
project laboratories.

The soil profile is illustrated in Figure 3. The soil is classified as a
Hanford fine sandy loam, This soil type is a recent alluvial soil which
overlays uncompacted alluvium. It is neutral in reaction in both the
surface and subsoil. Figure 3 shows that although there are occasional
clay lenses, permeable conditions generally exist to a depth of about 13
feet. On the basis of texture and structure, conditions limiting the in-
filtration rate exist on the surface rather than immediately below it.
(See Appendix A for detailed soil profiles.) ;

Particle size distribution was determined on samples collected during
the construction of the basins. Sand sizes were measured by sieving
and soil particles having a diameter less than 0.05 mm were détermined

1012.0020
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FIGURE 2. Elevated storage tanks, Lodi sewage treatment plant

by use of a soil hydrometer (11). The particle size distribution in four
basins is shown graphically in Appendix A. The effective size and uni-
formity coefficients (Hazen) are tabulated in Table 2. The fractions of
clay, silt and sand are presented in Table 3.

Permeability of undisturbed soil cores was determined on surface
samples in the conventional manner. (See Appendix B.) The vilues
obtained are given in Table 4. These permeabilities must be considered
as maximum possible rates rather than as average expected rates, since
the tests were not conducted over a suitably long period of time to give

TABLE 2

VARIATIONS OF EFFECTIVE SIZE AND UNIFORMITY COEFFICIENT WITH DEPTH
IN FOUR SPREADING BASINS, LODI, CALIFORNIA

A B 0] D
Depth in feet :
E, 8% | U.C.h E. B. U. C. E. S. U. C. E. 8. U. C.
0.0056 45.5 | 0.0035 85.7 | 0.0032 67.3 | 0.0018 77.9
0.0019 116.0 | 0.0027 92.6 | 0.0025 96.0 | 0.0018 50.0
0.0036 66.7 | 0.0038 52.6 | 0.0014 111.0 | 0.0053 45.3
0.0420 11.9 | 0.0024 175.0 | 0.1550 3.2 | 0.0074 32.5
0.1200 4.3 | 0.1700 3.6 | 0.1600 3.1 | 0.0150 16.0
0.0800 7.9 | 0.0012 241.0 | 0.0026 25.4 | 0.0019 105.0
0.0422 42.1 | 0.0306 108.0 | 0.0541 51.0 | 0.0055 54.5

* Effective size of Hazen in mm.
1 Uniformity coefficient of Hazen.
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DEPTH IN SAMPLING STATION
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FIGURE 3. Profile sketch of spreading basin areaq, Lodi, California

average rates. Permeabilities of disturbed soil samples are shown in
Appendix A. These values are of relative rather than absolute signifi-
cance. A close correlation exists between the relative permeabilities of
the different strata and their textures.

In addition to the above mentioned analyses soil samples were ana-
lyzed for the base exchange complex. The results are in Table 5.

The high proportion of divalent ions would be conducive to a high
degree of aggregation of the clay fraction in the natural surface soil.
Of particular interest is the large amount of magnesium relative to the
calcium. The relationship appears typical of California soils.
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TABLE 3

FRACTIONS OF CLAY, SILT, AND SAND AT DIFFERENT DEPTHS IN
FOUR SPREADING BASINS, LODI, CALIFORNIA

Depth in feet Basin Percent clay?! Percent silt? Percent sand?

A 8 16 76
3 PR T Ll s S e e s B 9 12 79
C 8 28 64
D 11 43 46
A 11 18 71
O e 3 B 10 13 77
C 11 15 74
D 15 33 52
A 9 18 ‘73
e B e e S ) B 8 24 68
C 15 22 63
D 8 22 70
A 6 6 88
(M P Ly S B 8 12 80
C 0 5 95
D 8 16 76
A 3 2 95
1 A B 1 6 93
C 2 1 97
D 4 14 82
A 5 3 92
e e S s S e B 11 17 72
C 7 51 42
D 11 28 61

A 7.0 10.5 82.5

Averageti= o e SRR eate B 7.8 14.0 78.2

C 7.2 20.3 72.5

D 9.5 26.0 64.5

1 Clay: Defined as particles less than 0.002 mm.
2 §ilt: Defined as particles greater than 0.002 mm but less than 0.050 mm.
8 S§and: Deflned as particles greater than 0.050 mm but less than 2.0 mm.

Although variations existed among the basins and clay lenses were
present, the soil was deemed satisfactory for use in a spreading study.
Consideration of the variations among the basins and the effect of these
variations on experimental results was given and are discussed else-
where in this report.

4. Low Water Table
The ground water level is at least 22 feet below the ground surface.

5. Distance From Laboratories

Lodi is located approximately 80 miles from Berkeley. Public trans-
portation facilities are available so that samples collected in the morn-
ing can be received in the laboratory early that same afternoon.

On the basis of the preceding analysis of the site available at the Lodi
Sewage Treatment Plant it was selected as best suited to this study.
Permission was granted to the University by the City Council of Lodi
to use the facilities of its sewage treatment plant. _
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TABLE 4 o SPREADING
FOU
PERMEABILITY OF SURFACE SOIL CORES IN

*
BASINS, Lopj, CAUFORNIA___,_,_”//
\\‘——‘
Basin

or day)
Permeability (feet pe

0.96
.89
: 0.7
B (north) 0.72
B (south)
(6]
D (north)

2.73

2.89
D (south) \—‘”"’/
2 Undisturhed 801l eoppg,

§INS
TABLE 5 it
SURFACE SOILS IN SPRE

f soil

prams O

Milli-equivalents per 100 gra 'j‘owl
e R

\\

BASE EXCHANGE COMPLEX OF

K /

Ca Mg o i ;.

(e ST 0.28 52

Cn i) 2.8 1.5 o 0.37 1.8
! Gubsoityy =<t By 17 Fonae 0.42 8.7
Al L 3.8 2.6 9.7 0.56 9.
pa 4.0 3.2 s 0.37 7.0
SN pea e 3.7 0:%9 0.51 7.3
e i 3.9 1.8 Dt 0.51 8.0
F 4.1 1.9 Lo 0.69 1.1
Bl —ona 3.8 2.9 0:08 0.60 1.2
o 4.9 2.8 0.64 0.60 1.8
she ey 3.3 2.5 0.76 0.55 8.0
Sl 3.8 2.9 0.6 0.64 9.4
e 3.3 3.4 el 0.66 7.0

R 4.2 3.8 Daia 0.53

AVeruge ___________ 3.8 2.7 0.65 "/
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CONSTRUCTION OF FIELD SPREADING BASINS

Initially, four test basins, each 19 feet in diameter, were constructed
(Figs. 4-14). Prior to making the actual basins, sampling wells were in-
stalled. Holes, 38 inches in diameter and 15 feet deep, were dug by a
cesspool drilling rig. A caisson of 36-inch diameter corrugated galvan-
ized iron pipe 15 feet long, with access windows at the 1, 2, 4, 7, 10 and
13-foot levels, was dropped into each hole (Fig. 4). The one-inch annular
clearance around the pipe was backfilled with soil which was tamped into
place in order to prevent the free flow of water down the side of the
caisson. Soil was mounted to a height of one foot around the caisson
at the ground surface (Fig. 5). All joints in the uppermost five feet of
the caisson were welded to prevent leakage.

Ladders and shelves were built into each well making it possible to
reach the access windows readily (Fig. 6). Lateral tunnels only slightly
larcer than the sampling pans were dug out at each access window
(Fig. 7). A minimum clearance of one foot between the caisson and the
pan was allowed. The collecting pans (Fig. 8) are approximately 10
inches by 10 inches by 18 inches outside dimensions, constructed with
false bottoms, and sloped to a i-inch section of tubing soldered at the
discharge end. Rubber tubing was connected to the metal nipple, pro-
viding a lead into the sampling well. Each pan was filled with sand and
gravel as follows: The bottom layer, comprising 4 of the pan volume,
was filled with 4-inch to 3-inch gravel ; the next layer, § of the pan volume,
was filled with 1{¢-inch to §-inch gravel; the remainder of the pan was

FIGURE 4. Sampling wells in place
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i
i
i

i
]

FIGURE 7. Lateral tunnel prior to insertion of collecting pan

BpERS

SPOUT

COLLECTING PAN
22 GA. GALV. IRON

FIGURE 8. Isometric view of galvanized sheet metal sample collecting pan
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FIGURE 10. Placing sampling pan
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| FIGURE 11. Replacing access window

FIGURE 12. Dike joint detail
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| FIGURE 13, Digging trench for dike

Fl ;
GURE 14, Completed spreading basins
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filled with V44-inch to 1%¢-inch sand (Fig. 9). The filled pans were slid
into the tunnels and packed into place (Fig. 10). Field soil was used
as packing to insure complete soil-sand contact. The clearance space
between pan and caisson was backfilled and the access window bolted
on after leading the sampling tube through it (Fig. 11).

The spreading basins were formed from 14-gauge metal sheets, 24-
inch by 120-inch, bolted together to form a dike (Fig. 12). The dikes
were set into circular trenches which were backfilled and mounted to
prevent seepage under the dikes (Fig. 13). The dikes extend 14 inches
above the ground surface (Fig. 14). To minimize lateral water flow,
earth dikes, 25 feet square, were built around each test basin.

Figure 15 shows a plan of the test basins as well as the layout of the
sampling points.

Modifications of the existing piping system at the Lodi Sewage Treat-
ment Plant were necessary to convey the plant effluent to the elevated
storage tanks (Fig. 2). These tanks are four in number, of 5,000 gallon
capacity, and are 15 feet above ground. Enough head is available so
that a gravity feed from the storage tanks to the spreading basins is
possible. Each tank is connected through a 6-inch manifold to a 4-inch
diameter house connection transite sewer pipe leading directly to the
basins. Originally, two l-inch by g-inch water meters measured the
amount of liquid spread on each basin and cattle feed float valves were
used to maintain constant liquid depth. These devieces for metering
liquid flow and maintaining constant head soon proved unsatisfactory.
They were removed and a manually operated intermittent liquid ap-
plication system was used. A small stilling well was set into each basin
so that measurements of the liquid depth could be made with a hook gage.

To provide primary effluent for spreading purposes an elevated 3,000-
gallon sedimentation tank was built. This was operated on a fill and
draw basis as needed.

During the summer of 1951 four additional spreading basins were
constructed for studying percolation rates. These are identical to those
already described except that no sampling facilities were provided.

A flow diagram of the sewage treatment plant and of the spreading
basin facilities is shown in Figure 16.
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—N—
LODI SEWAGE TREATMENT PLANT
AGCGESS ROAD
PLOTA' PLOTB' PLOT C' PLOT D' PLOT A PLOT B PLOT G T PLOT D
A 15"
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264’

TEST BASIN PLAN
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FIGURE 15. Spreading basin layout, Lodi, California
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EXPERIMENTAL PROCEDURES

Operation of the Spreading Basins owadl
Using the facilitieg described above it was possible to _Spread I.Seadiﬂg
Which had receiveq different, degrees of treatment on eight sp )

s eal
basins. Measurements of e of percolation could be made o

: e alities
8IS were equipped with sampling facilitl
that samples of the percolati iqui

10108°
quid could be collected for bactir}gelovf
leal and chemicg] analysis at depths of 1, 2,4, 7,10 and 13 fee
the ground surface,

the rat

¥ el
s of the surface GleV'ddell' ‘;’a :
b liquid addeq periodically to maintain an a‘ef thi
depth of not Jesg than half 4 foot. Several days prior to the end O,facn
Spreading period, liquid additions wepe Stopped so that the hasin surfa

woulq be free of water on the last day of the Spreading period.
& resting period during which ¢t

point about onee 5 wee
150 ml were collected in g steril
sis and portiong of 900 ml were collecte!
samples were packed into an insulated bos

oject laboratory. The samples were pot mor
celved for analysis,

|
he basin surface was allowed to dry; %
cycle of Spreading and resting wag repeated. e
ollowing o preliminary series of Spreading cyeleg during the Summr

of 1950, when only four haging were in use, g n"umbor of operating V&
iables were selected for more complete Investioation. These included .
effect on percolation rates and on the penetration of bacteriological an
chemical pollution of (1) the nature of the liquid being spread, V17
fresh water, sewage treatment plant fina] effluent, anq settled sewag’
(2) the length of the Spreading Period, ranging from one week up
several months; (3) the length of the resting period, ranging from t¥
days to a week ; and (4) changes in the basin’s surface, including spa
ing, the use of a sand cover, anq the application of a soil stabiliger. |

These detaileq studies began in January, 1951, and continued unt
June, 1959, T}, operating schedyles are shown in Table 6.
Collection of Samples

Samples were collected from each sampling
during each Spreading period. Abhout
bottle for bacteriological analy
for chemical analysis. Al]
iced and shipped to the Py
than six hours olq when re

Bacteriological Analysis

During the early part of thj
consisted of the tota]

group organisms (12).

$ work the bacteriolooie L
the confirmed test for colifort

¢
° 8Dbparent that the results of tg
37 degree (. standard agar plate count were highly variaple and
little significance, Fop this reason

that analysis was discontinued. T
coliform organismg

S a test for fecal s‘cl‘(‘l’t("cocicl
cal streptococei, particularly ;
as so low that this t¢
cteriological pul‘;'
probable number of coliform gro
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Chemicql Analysis
Relatively complete

analygeg includeq det fum, potassi

Nitrite Nitrate gy organij ; mesium, ved 0%

ate, a’nd | ’e; and ?he cations—calclumi;g%l and dls:gé teﬂ;ﬂ

Sodium, alkalinity, conductivity, pH, » of the separ of the ?iiﬂ

50 determipeq. To check the accurac.c‘l ((jf the sums
tons o g,y o0 sample, g hajar o was made of
and the Cationg

nt
ercent; ¢
se sums & P i
- From the difference between these
enee wagq ealeulated.

as
e W
s than fiv

* Deércent difference less the
satisfaetory

I
5 T
n all sampler

aae o A {
chemica) analyses were md(})f nitrogen spal
erminationg of foup forms

boron, chloride, P siurt ¢
ions—horon, ¢
¢; the aniong

Measuremenf of Percolafion Rates

es between dai
€ orogy

he dift’erenc
h

K o

b
red
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. 8 s
e s readm;rs‘:}ere eXPl'weﬂt]
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RESULTS
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WASTE WATER RECLAMATION 37
TABLE 7
MPN OF COLIFORM ORGANISMS AS A FUNCTION OF DEPTH IN FOUR
SPREADING BASINS, LODI, CALIFORNIA
Average MPN per 100 ml
Basin: A B (0} D
Depth in feet
Liquid applied
Final Settled Final Settled Final Fresh Final
effluent sewage effluent sewage effluent water effluent
Surfacessi SUioloo 179x108 | 4140x10% | 188x10% | 5700x10% 188x108 232, 164x10?
i ari e L s s il 1.6 482. 20. 148. 1.6 0.2
Qe i SRR e 285 32, 5.6 0 E0f i et IR BT D i -
¢ P N A 2.1 0.6 0.5 0 25 M| madid e L F R
(A e 0 0 0.2 0 0.2 0 0
10 A S 0 0 0.1 0 {0 i Ui ARt e S Lol R A L
R e S LS A O LR R R 0 0 0.3 0 0
TABLE 8

MPN OF COLIFOR

DEPTH IN THREE SPREADING BASINS, LODI, CALIFORNIA

M ORGANISMS AT DIFFERENT PERIODS AS A FUNCTION OF

Average MPN per 100 ml

Basin:* A B C
Depth in feet [ e
4/11/51- 12/27/51- 1/14/51- 11/9/51- 4/2/51- 11/9/51-
12/6/51 2/29/52 7/29/51 2/29/52 7/29/51 2/29/52
Surface.s it ise 82x108 248x103 163x108 223x103 62x103 307x10°
p LIBTASIS o p e 2.7 0 0 950. 0 235.
i Toat DEE Tt 0.9 558. 0.2 10.3 0.1 573.
4005 I 1.8 38. 0.1 0.9 0 3.2
R NN 0 0 0 0.4 0 0.3
108 At iilineg 0 0 0 0.2 0 0.1
b A A L e L R 0 0 0 0.6

* Final eMuent applied throughout test period.
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2. Chemical Analyses

The chemical data were ¢

ollected principally during four periods:

The summer of 1950, the winter-spring seasons of 1951, the fall of 1951,

and the spring of 1952. For
first three periods are presen
those of the last are given
9 are shown graphically in

purposes of convenience the results of the
ted in a summary table (Table 9) whereas
separately (Table 10). The data in Table
Figures 18 and 19.
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42 WASTE WATER RECLAMATION

From the data it is apparent that quantitative chemical changes
the liquid during percolation were few. Among the cations, caleiu
magnesium and sodium remained relatively constant down to a dep
of thirteen feet. The lack of change in the concentrations of these io

may be explained by the setting up of equilibrium conditions betweer‘ﬁ,
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Anion concentrations as a function of depth in three spreading basins,
Ledi, California
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the percolating liquid and the clay minerals of the soil. Since the cation
concentration in the liquid which was applied remained relatively con-
stant, the establishment of a base exchange equilibrium among the ex-
changeable bases in the liquid and solid phases of the system resulted
in the absence of change in ionic concentration.

The cation, potassium, however, decreased by about 50 percent during
percolation of the liquid through thirteen feet of soil. The fixing of
potassium in a nonexchangeable form on certain clay minerals would
account for this.

Ammonia was completely removed within four feet. This was caused
by both physical and biological factors. A base exchange of the am-
monium ion for hydrogen ions, or other cations, adsorbed on the clay
minerals would account for part of the ammonia loss. The remainder
disappeared throuch the ageney of the flora indigenous to the soil which
either incorporated ammonia nitrogen in cell substance or oxidized it
to nitrites and nitrates.

Among the anions, chlorides remained unchanged. Sulfates increased
by about 40 percent, an inerease which was probably due to the oxida-
tion of sulfur from organie sources such as the amino acids, cystine, cys-
teine and methionine present in sewage protein. Inasmueh as aerobic
conditions existed in the soil, a favorable environment for oxidative
reactions was provided.

A comparable increase in the bicarbonate ion concentration was also
noted. As with the sulfates the existence of aerobic conditions would be
conducive to the breakdown of organic compounds to carbon dioxide
and water. At the pH of the soil the greater portion of the carbon dioxide
produced would be recovered as the bicarbonate ion.

As a result of nitrification, nitrate concentration increased by several
hundred percent during the percolation process. The nitrogen available
in the form of ammonia and nitrites plus the presence of oxygen would
lead to conditions favorable to the biological oxidation of reduced forms
of nitrogen. Surface nitrites rapidly disappeared. This is consistent with
the appearance of nitrates. Since the equilibrium concentration of nitrite
is much smaller than that of nitrate, it is expected that the reaction would
proceed to the right and that nitrate rather than nitrite ions would ac-
cumulate.

Like the nitrites, phosphate ions disappeared during the first foot
of vertical water travel. This may have been due to an isomorphous re-
placement of hydroxyl ions in the clay lattice (14), or to a biological
removal of dissolved phosphates. Phosphate phosphorus is readily avail-
able to bacteria which require this element for both energy transforma-
tions and cell synthesis. Since available evidence indicates that the up-
permost few feet of soil are the most active biologically, significant
removals of soluble phosphate are to be expected.

The data in Table 10 show that the concentration of sodium, potassium,
calcium, magnesium, chloride, sulfate, nitrite and bicarbonate ions varied
very little from beginning to end of the time of the study. The ionic
concentrations of ammonia, nitrate and phosphate were different. Since
changes in the concentrations of these ions were associated with biological
activity, this result was to be expected after long spreading. The differ-
ences were most marked in Basin C which was under continuous sub-
mergence. Ammonia and phosphate penetrated to greater depths while
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The secondary increase in dissolved oxygen concentration is diffienly
to explain. The more typical curve of dissolved oxyeen as a function of
deptl: would show a rapid decrease in dissolved oxyeen in the first fey
feet below the soil surface (as in Ficure 20) followed by a gradual del
crease to zero rather than an increase and subsequent decrease whiel
was observed (15). There is no known method whereby oxyoen can by
produced by living organisms in the absence of licht so that a physica
explanation of the observed phenomenon is required. It may be sug
gested that the secondary rise in dissolved oxyeen concentration was
due to a diffusion of oxygen through the unflooded soil surronnding the
basin. Quite probably the increase is an artifact associated with the
method of basin construction and operation.

Surface dissolved oxyeen concentration varied with the time of dajy
and was in direct relationship with sunlight and/or temperature. Figur
21 shows that a maximum surface dissolved oxycen was produce¢
between three and four o’clock in the afternoon. This hour correspondeg
to the time of maximum daily temperature and maximum algae erowth
The data indicate also a correlation between liquid spread and oXygey
production. The final effluent spread basin, Basin 0, had a peak dis
solved oxygen concentration about five times that of Basin D’ which was
spread with settled sewage. At least two factors were responsible £,
the difference. First, the increased organic load in the settled sewagy
tended to produce high numbers of heterotrophic bacteria which in tury
had a high rate of oxygen utilization so that the oxygen produced hy
the algae would be used up at a rapid rate. This resulted in relatively
small amounts of excess oxygen. Second, the presence of large amoun t
of organic material favored the heterotrophic development of facultatiy
autotrophic algae resulting in more oxygen utilization and less OXVorey
production. Stated more simply, it can be said that algae which ar
able to live either by the use of carbon dioxide and the energy of sunlioh;
or by the use of preformed organic compounds, in the presence of largy
concentrations of organic material used the preformed organic com
pounds in preference to going through a photosynthetic process. Ty
phenomenon of decreased oxyeen production in the treatment of hig}
organic loadings has been observed elsewhere, particularly in the study
of oxidation pond operation (16). 4

The data on pH and conductivity are not tabulated. The pII varieg
erratically between 6.5 and 7.5. No correlation between sample dept}
and pH could be seen. The conductivity ranged from 0.55 to 0.70 mil.

limhos per centimeter. Again no correlation between depth and condue.
tivity was observed.

3. Percolation Rate Analyses

Percolation rates as a function of time are shown eraphically iy
Figures 22 through 35. The actual daily variations in percolation rates
on the basins which were operated intermittently, ie., A, B, D, A’ BY
and (7, are presented in Figures 22 throueh 27. Average rates of pereco.
lation on all basins are given in Figures 28 through 35. The average rates
are those which include resting as well as spreading time in any given
cyele. For example, the averace rate of percolation for a two week eyele
(one week spreading—one week resting) was caleulated from the mean
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48 WASTE WATER RECLAMATION

daily rate of percolation for the spreading period of seven days by multi
plying it by a factor of 7/14. Similarly, when the spreading cycle way
three weeks long (two weeks spreading—one week resting) the meay
observed percolation rate for the spreading period was multiplied by
14/21.

As mentioned previously all reported percolation rates were corrected
for rainfall and evaporation, They are expressed as acre-feet per acre
per day or more conveniently as feet per day.

The curves of daily variations in percolation rates on intermittently
operated basins are generally quite similar. The early curves are of g
characteristic ““S’” shape frequently reported in the literature (17).
Gradually the curves became more flattened so that the change from
high percolation rate on the first spreading day to low percolation rate
on the last spreading day approached a straight line function, It will
be noted that basin resting was almost always associated with high first
day percolation rates.

The high first day rate is related directly to soil drying. Tt is well known
(18) that dehydration of clay soils results in an increase in cohesive
forces between clay particles. This type of aggregation has been aseribed
to the formation of cation linkages between clay particles, or to oxXygen
bonds. Regardless of the explanation for this effect it is agreed tha; as
a soil is progressively dehydrated aggregates are formed. Organic matter
is also responsible for aggregate formation. In both instances however
dehydration is essential to the formation of aggeregates. Since ’amgregat X
formation is closely correlated with percolation rate it followsbthat ae
increase in the degree of aggregation will lead to an increase in perao] n
tion rate. Neal (19), for example, found that the single mogt importa a-
factor affecting the initial infiltration during rainstormsg was the e
moisture content. so1l

The data obtained from the intermittently operated basing are
sistent with the theory of the importance of drying on aggregate forcon,
tion and percolation rate improvement, because : a8

(1) Higher first day percolation rates were obtained during the St
mer and fall when the surface moisture content was reduced tq ab s
5 percent than during the winter and spring when surface moigtou
seldom fell below 18 percent. Drying below the permanent wiltiy , B
is particularly beneficial to the percolation rate (20). The per;l;)omt
wilting point of the soil at Lodi was at a moisture content of 8 percnent

(2) Surface spading, which among other things resulteq in gre e;lt.
drying than on unspaded surfaces, produced high first day I‘ateg e;
percolation. Gl

(3) During the summer of 1951 Basin A, which had a volunteey growth
of weeds covering as much as 80 percent of the basin surface, haq first
day percolation rates as high as Basin B which was being sp’aded rersr-
ularly. The loss of surface moisture by plant evapo-transpiration anbd
evaporation through the soil broken up by root channels anq decayine
plant residues produced surface moisture contents as low as those ob.
tained by spading. The favorable offects of grasses on percolation rates
have been reported by several authors (21, 22). :
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The rapid decrease in percolation rate after the first day was due
to a combination of factors: the reversal of cementation and aggregate
formation, soil pore clogging by microbial products, and possibly, the
decrease in hydraulic gradient. Although the cohesive forees between

1ly produce stable aggregates, high rates

oriented clay particles genera
of aggregate reversibility can be accounted for by the temperature of

dehydration and the continuous application of water during the spread-
ing period. Among the end products of microbial metabolism in soils
are slimes and gums which, in proper concentration and after dehy-
dration, increase the rate of percolation. However, when excessive con-
centrations of the slimes and gums are present pore sealing can result
(17, 23). Another possible reason for the rapid decrease in percolation
rate is the decreage in surface liquid depth during the spreading period.
The available evidence indicates that this was not of primary importance
since changes in head between & tew inches up to a foot could not be
correlated with percolation rate variations. On the other hand, when
the spreading period was inereased from one to two weeks, which made
it possible to maintain oreater head for a longer period of time, the
percolation rate decreased more oradually. Thus, an evaluation of the
relative importance of the three above mentioned factors responsible for
decreased percolation rates is not econclusive.

The percolation rate curves obtained from the spreading of fresh
water, final effluent and sottled sewage are all gimilar. One important
difference among them must be noted: The rates of percolation of final
efftuent were higher than the rates of percolation of either fresh water
or settled sewage. The low rate of fresh water percolation was due, in
part, to the finer texture of the soil in Basin D which was spread with
fresh water, Referring back to Tables 2 and 8, it will be seen that Basin
D had an average effective size of 0.0055 mm, which was smaller by a
factor of about 10 than the average offective sizes in other basins. The
combined silt and clay content of Basin D was 35.5 percent, whereas
in the other basins it was only about 20 percent. Although the presence
of a relatively large proportion of fines could lead, on drying, to ap-
preciable aggregate formation (18) it could, on rehydration and particle

dispersion, lead to lower percolation rates. Furthermore, the lower con-

centration of cations in the fresh water as compared with the sewage
effluents, and particularly the greater percentage of sodium among the

cations in the fresh water, would lead to a greater degree of particle
dispersion ; hence, lower percolation rates (24, 25). Still a third factor
was the absence of significant amounts of organic matter in the fresh
water and the subsequent failure to produce stable aggregates ‘cemented
with organic matter. When the liquid being s_pread on Basin D was
changed from fresh water to final effluent the increases in cation con-
centration and organic loading served to increase the percolation rate
somewhat indicating more specifically that the low rates of percolation
were not due entirely to the soil texture. '

The rates of percolation of settled sewage were also consistently lower
than the percolation rates of final effluent. 'Ijhls_ was not due to d@ﬂt‘er-
ences in inorganic composition between the liquids but rather to differ-

ences in organic and par ition. Since the BOD of the

ticulate composl
settled sewage was 10 times as high as the BOD of the final effluent it
appears that conditions were more conducive to greater slime and gum
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change
ged from settled sewage o final effluent the percolation rate in-
when Basin B was changed

Creas )
sed manyfold (Fig. 33)- Conversely,
age the rate went down (Fig. 29).

fr()
ﬂeﬁg?}f effluent to settled sew
L w;;g erence between a three day resting period and one lasting 2
s not appreciable. Basin A" (Fig. 81) on which this variable
ation rate curve in whie

Was 3 .
the gftflégzedfpresentgs a typical average percol
of changing the length of the resting period cannot be de-

tected. S
. Since the extent of drying has been offered as an explanation
t high average rates of

fOr 5 R

perc};llga}‘éiémtla! percolation rates an

effect of an’}fhls finding may be considered incon_sistent with theory. The

when dryi short resting period was studied during the summer months

Period aéy ltl}llg proceeded at a rapid rate SO that even SO ghort a resting

those giv ree days could have produced beneficial results as rparked as

less fav en by a week’s resting. If the variable had peen studied under
orable conditions during the wet season of the year, it is expected

tha R
A:E Ziilgln ificant difference would be noted. .
from 0 0%5 spading on Basin A’ increased the initial percolation rate
rate décr to 0.385 feet per day. The effect was not permanent since the
Coveri Galsed to the 91‘iginal value during t ' gf five cycles.
Sulted i,lll}lg a basin with sand, as was done in Basin B (_Flg. 32), re-
Possible igher percolation rates over a longer period of time than was
often it on untreated surfaces. U i
an aVQFaippears that the beneficial effect 18 1ost g ;
on Basinb(ej,pel'@latlon rate of 0.170 feet per day as compared with 0.
e rates b which was treated identically but did no
Ment 01.“ ecame the same by the end of the eleventh eycle. A replace-
rate, It removal of the sand at that time 1 the pereolation
rate in ap,p?ars that the filtering action of the sand 10 longer exerted a
he sanege,d sing effect as the applied organic matter ene.’crated_through
Anoth ‘}nd set up limiting conditions in the }111der1y111g soil.
Soil eonde'l-va”able was studied on Bagin B/, This was the effect 9f the
Ommen itioner known as Krilium.* Following the manufacturer s Tec-
used qflatlony an_application of one pound per h1‘1ndred square feet was
own Fle ma.tel’lal was broadeast over the pasin sur )
of e ollowing a day’s drying, gpreading was resumed. The evidence
o eyeles of spreading indicates 10 effect al. The lack of

enefi of the materia
it may have been due to either the use of an unsuitable .H‘leth(?d
icate the unsatisfactor £ Krilium 10

0 :
lri;?(?i ;Cation or it may ind1 y nature 0
Bone e .
Sllbmern.ed operating variable to be reported 18 that 0ﬁ L e
Settled gence. Here agail the differences between na. e Tlien., 'i’ 4
Spreadisewa{l'e'were clearly demonstrated ( ’Flgs. ‘ d 35). { %? initia
Dereol; ng period on both Basins G an I¢ ypical die away
’ to ation rate curves. On the basin gpread with settled sewage, Basin
Wi:chhg die away was more rapid than on Basin C which was spggad
Testorelial effluent. A brief resting perio by ba}slm gpading
aVeram( the percolation rates to high 1 vels. However, the cm"ve 0
ge percolation rate for i the one first ob-

taiy ‘
) ;

Spre?l'- Resting and spading for a gecond t1me d by continuous
ding produced a third gimilar cu will be noted from Figure

35 1 ° :
hat the second and third qubmergence perlods on Basin D’ were

et S
"M
£SHal supplied b i 0., S TLouis, Misso
11 Y the Monsanto Chemlcal Cco., t. ’

£ continuous basin

uri
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sreolation rates over

longer than the first, and also that the average Pﬁ’fflf‘;}ll(i):in dicates &
the last two periods were higher than during the 1; ‘t the effect is not
beneficial result from a preliminary spreading, but that the
long lasting when settled sewage is spread. he decrease in pereo:

On Basin (, after the initial spreading per'lodf 14 .cidental surface
lation rate was erratic and associated more w111.1 2?;.1:..11 At of
drying for short periods and the spreading of a Sf ‘591-(34)]ati0n was
sewage sludge. On the whole, a high average "lto_o I-.o This averagt
maintained for about 280 days of continuous subm(‘f gonf(tor the addition
rate was about 0.58 feet per day. It is significant that (}C 053 to slightly
of sewage sludge the percolation rate fell from nbOl{} t}l(;'O(T<\ct of high
less than 0.20 feet per day. This gives further pmoffo labne the
organie loadings, as in settled sewage, on the rate o -}Pf ercolation rate
organic matter was decomposed and disappeared, the T L
rose to the average value. o ey wnd soread i

For a period of about 80 days Basin ¢/ (Fig. 33) “:t,q( }})(,I-co]atlon
tinuously with final effluent. This basin had a .hlg‘h( ave 1;; (,(mtinuously
rate of about 0.60 feet per day. Basin B (Fig. 2'))1‘\;-£)<111c9(1 a curve
spread with settled sewage for a period of 70 days and p b
similar to those obtained on Basin D', ontinuously ‘Wltl-

From the data collected on these four basins spread ‘(\(])'nniﬂf“'y spred’
settled sewage or final efffuent, it is apparent that a pre _"m(,(,( P C‘,ﬂa
ing period followed by basin resting and spading pm(pr]iﬂd studle(;
tion rates higher than those obtained by any other '11\1'1(“1& ¥ :
The importance of the preliminary or incubatory Sp-lf(if i clear
been noted in water spreading work (21). 1*1111"[]'1“1"’1()11( s effect O3
the nature of the liquid being spread had a tremenc ()1‘;"111ic and P
percolation rate, Final effluent with a near optimum ‘t’{*(:; resh
ticulate loading had higher percolation rates than el .'rh organic i
with a low organic loading or settled sewage with a hig
particulate loading,

4. Tracer Studies

In an attem
chemicgl pe

= . [
results were described in preceding sections of this ]'('11)01 : th
the trave] of tracer substances through the soil was mac ‘P-w ]11(:‘35‘1resa]t
_This type of study i similar to that which can be made 10 %5 or
direction anq velocity of oround water flow by the iy dye ﬂﬂorpl i
tracer (29), Preliminary investigation showed that th_( noved f['Oﬂ] the
d_ld not pass freely throilgh the soil hut rather it “'asvl 011 this fei g
liquid containing it hy adsorption on clay minerals. F'0
salt tracey method was selected. Y il
oron, as sodinm tetraborate, was first used as a h'w'(.li'l i neg o:’iﬂg
ecause boron wag pregent in both the liquid and the S‘O'U’d the“’e o)
quantxt,\_r. An application of 1,000 ppm of boron was mad; 1{ o
front of boron, ‘as the watoy containing it l”"""()];!t(:d- t depthe, pelo?
was followeq by collecting samples periodically at dift ”,()],1 o feet at ihe
enriched water wag not obseryed at depths greater the; bore”

e ; ; rations O
tlg eround surfaee and the maximum concentratio
-Loot level werq mu

3 e ave
¢h lower than those which might ¢

. 1 » Y
Pt to explain the unexpected dogl‘t‘(‘ A and G 5o
netration to the two-foot level in Basins S

P

0
It was & iple
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if the changes in concentration were due only to dilution. Subsequent
laboratory work with Hanford fine sandy loam also demonstrated that
soil can remove boron from high boron waters. It appears that the soil
contains some constituent which is capable of fixing boron, thereby
removing it from solution. The conclusion reached was that boron is
unsatisfactpry for use as a tracer in soils such as Hanford fine sandy
loam containing appreciable quantities of clay. A possible application
of this observation might be in the removal of boron from wastes such as
wash water from the citrus industry by some as yet unidentified con-
stituent of the soil.

As a result of the lack of success with fluorescein and boron as tracers,
chlorides were finally tried. Sodium chloride, which is commonly used in
tracer work, was considered unsatisfactory because of the high con-
centration of sodium ions which would be liberated in an aqueous solu-
tion. Large quantities of sodium ions in the presence of small quan-
tities of other cations are known to result in a replacement of the
divalent ions on the base exchange complex of the clay minerals of the
soil, and to cause a subsequent particle dispersion and a decrease in
percolation rate (25, 30). Since the Lodi soil contained a relatively high
percentage of clay, roughly twenty percent, the effects of the addition
of sodium chloride would be pronounced. If, instead of using sodium
chloride as the sole source of the c¢hloride ion, a mixture of chlorides were
used this dispersion would be avoided. The chlorides which were used
were sodium chloride, potassium chloride, caleium chloride, and mag-
nesium chloride. The ratio of the cations in the applied chloride solution
was the same as the ratio of cations in the liquid which was being spread.
The average cation ratio of the final effluent, i.e., the ratio of milliequiv-
alents per liter of sodium to potassium to calcium to magnesium, was
7 to 1 to 2 to 1.8. To maintain this ratio while providing 25 pounds of
chloride ions required 22 pounds of sodium chloride, 3 pounds of potas-
sium chloride, 9 pounds of calcium chloride, and 11 pounds of magnesium
chloride. The salts were dissolved and mixed in final effluent in one of
the elevated storage tanks, then spread on Basins A and C. Samples of
the percolating liquid were regularly collected from the sampling pans
at the one-, two-, and four-foot levels and analyzed for chlorides.

The runs on the two basins were made at different times with different
quantities of applied chlorides.

Figures 36 and 37 present the data obtained. Tt is clear that the
chloride enriched water reached the two-foot level in both basins sooner
than the one-foot level. The presence of small channels such as those
made by grass roots, or of a single large channel, possibly made by a
gopher, would explain these results. Instead of percolating through two
feet of soil the water passed from the surface almost directly to the sam-
pling pan. That there was some filtering action is shown by the bacteri-
ological data (Fig. 17). Although the coliform count at the two-foot level
was hich, it was very much less than in the surface liquid.

In any field spreading installation it appears that an allowance must
be made for the possible presence of channels which might carry con-
tamination or pollution to the ground water.
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FIGURE 37. Chloride concentration as a function of hours after chloride application at 1, 2, and
4-foot levels in Basin C (455 ppm chlorides applied at O hour)

5. Studies of Soil Organic Matter

Samples of surface soil were collected periodically for analyses of
orghanic carbon and nitrogen. The data are reported in Table 12. Before
spreading, the untreated surface soil had an average of 1.05 percent of
organic carbon and 0.0125 percent of organic nitrogen. The ratio of
carbon to nitrogen was 84.

The data in Table 12 show that the earbon to nitrogen ratiq decr_easpd
during the course of the spreading process to 10 or less. This ratio in-
dicates a stable condition since it is approximately the ratio found in
living organisms (15). !

In previous sections of this report the importance of organic matter
in soil clogeing and aggregate formation were discussed. The data pre-
gented in Table 12 show that little difference in organic matter existed
among the basins spread with fresh water, final effluent, or settled sewage.
Tt should be noted, however, that most of the samples which were ana-
lyzed were collected during the resting period. If there were a(;cumula-
tions of organic matter during the spreading period, the material could
have been oxidized while the basin was being rested. The data ?ollectqd
from Basin A during May, 1952, indicate increasing stability of organic
matter as the resting period progressed. : ;

Basin C which was under continuous submergence had relatively high
concentrations of carbon and low concentrations of nitrogen. The carbop
to nitrogen ratio was high so that the organie matter was 1}ot well stabi-
lized. Nonetheless, the basin had high sustained percolation ra‘.ces.

The data on soil organic carbon and nitrogen are inconcl}lswe and
aenerally not consistent with theoretical expectations. One n_nportant
factor may account for this: Although the amounts of prg'ame matter
differ little with different applied liquids on a weight basis, they may be
sionificantly different on a volume basis. The analyses made determined
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polluted waters as an environment for them made this method of control
unsatisfactory.

Spraying with DDT in various formulations was tried. The simplest
method of mosquito control was by the use of ‘“toss-its,”” small gelatin-
like balls which contain DDT with a water emulsifying agent. The
“““toss-its’” were thrown into the basins and as the covering material

dissolved, the DDT was liberated.

All of the work on mosquito control was done by representatives of
the Northern San Joaquin County Mosquito Abatement District.

A survey was made during May, 1952, by Mr. William R. Kellen,
Research Entomologist at the University of California. The insects which
were collected from the spreading basins were classified as follows :

Hemiptera
Salidae : Saldula interstitialis
Gerridae : Gerris incognitus
Corixidae : Corisella decolor
Corisella inscripta
Odonata
Coenagriidae : Iinallagma sp.
Libellulidae : Sp.
Coleoptera
Dytiscidae : Thermonectes basillaris
Agabus disentigratus
Agabus lutosus
Hydroporus subpubescens
Laccophilus aristernalis
Hygrotus lutescens
Hygrotus collatus
Hydrophilidae ; Berosus miles
Berosus striatus
Tropisternus lateralis
Diptera
Psychodidae : Psychoda alternata
Culicidae ; Culex tarsalis
Tendipedidae

(= Chironomidae) :

Ephydridae :

Borboridae ;

Dolicopodidae :

Tendipes decorus
Glyptotendipes barbipes

Scatella laxa
Secatella stagnalis
Scatella paludium
Paracoenia bisetosa
Ephydra riparia
Leptocera fontinalis

Sp.

It is interesting to note that these insects, in general, are the same
as those which have been collected from oxidation ponds (32).
__ Of the species collected, Psychoda alternata and the various chironom-
idae have been known to be nuisances. Psychoda flies are particularly
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associated with trickling filters. In the numbers found around the
spreading basins no nuisances were created ; however, the potentiality
of the formation of nuisance conditions existed.

Mosquito breeding, unlike fly breeding, presents a real public health
danger. The presence of conditions conducive to the development of
mosquitoes may lead to the multiplication of malarial mosquitoes. Al-
though no anopheline or malarial mosquitoes were collected, under
other spreading conditions they may be found. Fortunately primary
malaria is rarely found in California, and it may be suggested that
spreading operations will lead to few new cases.

More important than the danger from malaria is that from encepha-
litis. A vector in the transmission of encephalitis is the mosquito, par-
ticularly Culex tarsalis (33). The presence of this species in and around
the spreading basins indicates the existence of an unsafe situation. This
is particularly true in California where mosquitoes have been implicated
frequently in the transmission of both western equine and St. Louis
encephalitis (34).

To summarize, insect nuisances are unlikely in spreading areas in
spite of the presence of numerous insect species. Insect menaces to
public health, i.e., mosquitoes, are to be expected unless adequate mos-
quito control operations are undertaken.

DISCUSSION

At the spreading site in Todi it was possible to study a number of
aspects of the reclamation of water from sewage. Tssentially, this in-
cluded the methods of operating a reclamation project and the results
which might be expected from such a project in terms of water reclama-
tion and public health.

In order to evaluate the dangers connected with the use of sewage
effluents in acriculture and industry much recent work has been done
on the occurrence and survival of enteric organisms in water and soil
(35). After an exhaustive study on the contamination of vegetables
grown in sewage polluted soil, Rudolfs, Falk, and Ragotzkie concluded
that vegetables can be grown without health hazard in polluted soils
if appropriate precautions are taken (36).

Studies on the survival of various enteric organisms in soil have
demonstrated that coliform bacteria do not survive long periods (37)
and that pathogenic organisms, such as the typhoid bacillus, died out in
soil within as short a time as two weeks (38).

The available literature indicates the possibility of the spread of
disease through the use of sewage effluents although it has never been
proven that disease was caused. The probability of the transmission of
disease by means of sewage effluents used in agriculture appears small.

The present work has shown that a bacteriologically safe water, that
is, a water which conforms to the United States Public Health Service
bacteriological standards for drinking water can be produced by per-
colating settled sewage or final sewage treatment plant effluent through
at least four feet of soil.

The reduction in coliform count is consistent with that reported in
the literature. Calaway, Carrol, and Long (39) studied the removal of
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bacteria in an intermittent sand filter of which the effective sand size
was 0.31 mm. They found greatly reduced coliform counts after passing
settled sewage through 30 inches of sand. Similar results were obtained
in England by Allen, Brooks, and Williams (40) who found coliform
reductions as high as 98 percent. Extrapolating from these data to
sand sizes as small as those at Lodi leads to the conclusion that the
coliform removals obtained in this study are as might have been antici-
pated.

The removal of coliform organisms was affected by the filtering action
of the soil. Once removed from the liquid these organisms rapidly died
out as a result of the unfavorable conditions of the environment and
also because of the production of antagonistic substances by the normal
soil flora (37). -

Chemically, the water produced by the spreading operation differed
little from the sewage effluent from which it was reclaimed. Unless the
sewage contains toxic materials or high concentrations of undesirable
elements such as chlorides, sulfates, sodium, boron, ete., the water re-
claimed from it will be satisfactory. Chlorides can be used as an indicator
in measuring the suitability of sewage water for reuse. The data in
Table 9 show that during the process of water utilization and sewage
production the chloride ion concentration increased from 32 to roughly
70 ppm, an increase of 38 ppm. Employing this figure of chloride ion
concentration increase per cycle of water use, at least five cyeles would
be possible before the concentration reached 250 ppm which is set as
the upper limit for chlorides by the standards of the United States Publie
Health Service. This reuse would be possible even if no dilution were
obtained in the ground water so that the ficure of five cycles is a con-
servative one.

In the reclamation of domestic sewage it is possible that an unsatis-
factory drinking water would be produced if there was no dilution by
ground water. This would result from the high nitrate concentrations
produced at the greater depths. Nitrate ion concentrations greater than
10 ppm are generally considered unsatisfactory since nitrates are held
to be responsible for infant methemoglobinema (41, 42). The expected
dilution factor, however, would reduce the concentration to a safe level.

The data on percolation are generally consistent with those reported
in the literature (10, 21, 43). The spreading operation at Lodi produced
results intermediate between those obtained in sewace farming and those
obtained in reclamation programs under other soil conditions.

Continuous submergence with final effluent gave the highest percola-
tion rates. The continuous application of settled sewage gave consider-
ably lower rates which, nonetheless, were higher than the rates obtained
from the intermittent spreading of settled sewage.

It appears that a preliminary spreading and resting period prior to
the start of continuous spreading will produce best results. The pre-
liminary spreading may be made with material such as settled sewage
containing a high organic load. The large amount of organic matter may
result in rapid clogging, however, when the basin is rested this organic
matter will be broken down with the formation of ageregates of maxi-
mum stability. Following the resting period, which should be econtinued
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until the surface soil moisture content is reduced to the permanent wilt-
ing percentage, spading seems desirable. Continuous submergence may
then begin.

A similar operating scheme has been suggested by Bliss, Johnson, and
Schiff (21). They have used cotton gin trash to build up the soil organic
matter and improve aggregate formation. The preliminary resting period
was called the incubation period and was considered essential in order to
obtain maximum percolation rates.

The data indicate the desirability of using a highly purified sewage
efluent for reclamation purposes. If a percolation rate of 0.5 acre-feet
per acre per day is taken as a design criterion for a reclamation plant,
6.14 acres would be required for a flow of 1,000,000 gallons per day.
Providing for basin nonoperation during two months of the year the land
requirement would be increased to 7.36 acres. Initial costs, in addition
to that of the land, would include basin leveling, dike erection, piping
and controls. Operating costs would include dike maintenance, pumping,
mosquito control, ete.

It may be stressed here that the steady rate of 0.5 feet per day was
that obtained at Lodi with a single soil. In other soils entirely different
maintained rates may be found. For this reason it may be dangerous to
extrapolate to other conditions which might be encountered in the field.

The prohibitive cost of making large-scale field studies for reclamation
under different soil conditions led to the development and construction
of small pilot-scale basins at the Richmond Field Station of the univer-
sity. Preliminary work done since the inception of this project con-
gisted of studying different small units and methods of packing soil into
them. During the summer of 1951 it was demonstrated that reproducible
conditions could be produced in small scale soil columns. By carefully
packing air dried, homogenized and screened soil into corrugated metal
tanks, 5 feet high and 3 feet in diameter, reproducible percolation rates
were obtained.

In such an installation the pan method of collecting samples at inter-
mediate depths would be completely unsatisfactory. To sample the per-
colating liquid at different depths filter sticks or ‘‘probes’” which are
porous ceramic eylinders, have been developed (44). It was found that
the most important criterion in selecting a probe is its average porosity,
and that the best porosity lies in the range between 1 and 10 mierons.
Permeability is another factor influencing probe behavior and can be
adjusted or corrected for by applying a proper degree of tension to the
probe. Still another factor is the structural strength of the probe itself.
For example, carborundum tubes were found to be sufficiently strong
and durable to withstand continued use. By burying the probe at any
desired depth and connecting it to a hanging column of water it would
be possible to collect samples for chemical analysis without affecting
significantly the percolation of water through the soil.

Following the development of a method for making pilot-scale spread-
ing basins, which are called lysimeters, twenty basins were constructed.
They are corrugated metal tanks 5 feet high and 3 feet in diameter. Tach
tank is supplied with sewage effluent or water from a 2-inch header pipe.
Tines draining each tank run into separate collecting tanks, 55 oallon
steel drums, in which measurements of percolation rate will be made.
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Five representative California soils have been selected for study in
the lysimeters. These soils are Hanford fine sandy loam. Hesperia sandy
loam, Columbia loam, Yolo loam, and Oakley sand. The Hanford fine
sandy loam was taken from the spreading area in Lodi and will be used
to give correlative factors between disturbed and undisturbed field soil.

The lysimeter study has not yet been completed. It is hoped that the
information derived from the small scale study will make possible a
generalizing of the Lodi experience so that percolation rates in different
natural soils can be anticipated. If this is possible, design criteria for
any reclamation plant can be established.

The studies made with chloride tracers indicate the dangers which can
result from the presence of channels within the spreading basin. If the
ground water table is close to the soil surface, contamination or pollu-
tion of the ground water can easily result where only a few channels are
present. If the ground water table is lower it is unlikely that channels
will connect it directly to the surface in the usual agricultural soils.
Spreading operations over an aquifer which may be recharged directly
without purification of the sewage by passage through an appropriate
thickness of suitable soil is definitely dangerous. The proposed site for
a reclamation plant should be carefully examined to insure the absence of
such conditions. Limestone formations or recent alluvial fans which do
not have a soil cover will, in most instances, be unsuitable.

The results of the study of soil organic matter were inconclusive. The
literature of soil science abounds with references to the effect of organic
matter on soil clogging and ageregate formation. No evidence for the
accumulation of large amounts of organic matter in the surface soil after
several years of spreading was found. Clogging may then have been due
largely to the dispersion of the clay minerals. A factor in the dispersion
may be the accumulation of ammonia in the soil. Ammonia may act like
sodium in dispersing clay particles. During a spreading period, if the
ammonia is supplied more rapidly than it can be utilized by miero-
organisms, it may be exchanged for divalent ions on the clay complex,
thereby causing a dispersion. At the conclusion of the spreading period
the adsorbed ammonia would be oxidized making for a greater aggre-
gation on the resumption of spreading. This explanation may account,
in part, for the differences between final efffluent and settled sewage.
The latter being higher in ammonia than the former would tend to have
a greater dispersing action, hence a lower percolation rate.

Nuisances connected with a reclamation plant may be serious. This
would happen particularly if mosquitoes were allowed to breed freely.
The importance of mosquito control in the control of encephalitis makes
consideration of the public health factor of reclamation vital.

Weed growths which may occur appears to be beneficial rather than
otherwise. That is, improvements in rates of percolation have been asso-
ciated with the growth of various grasses in spreading areas. On the other
hand, the growth of weeds may inerease the difficulty in controlling
mosquitoes. However, if depths of three feet or more of sewage effluent
are maintained on the spreading basin weeds can usually be controlled.

This technique has been used successfully in controlling tules in oxida-
tion ponds. )
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ADDENDUM

During the week of July 18, 1952, subsequent to the completion of
the field study, the spreading basins were carefully examined. Surface
and subsurface soils were collected and analyzed, and a number of

sampling pans were removed in order to ascertain the reasons for their
failure to function properly during the investigation.

1. Spreading Basin Surfaces

Figures a through h show the appearance of the surfaces of the dry
basins after approximately two years of spreading. Generally, the basins
had a dry cracked crust consisting largely of residues of algae which
had developed on the basins during spreading. All basins, with the ex-
ception of D and C, were similar in appearance. Basin D had experienced
little algal growth, due to the relatively short time of spreading with a
sewage effluent; hence the erust was almost lacking. Basin C, which had
been under continuous submergence for almost a year had deep cracks
which extended as much as one to two inches below the surface of the
soil, which was a typical clayey loam with a platy structure.

By spading the basins to a depth of several feet it was possible to
observe changes which had taken place in the soil profile. The final soil
profiles are shown in Figure i.

Particle size distribution in the surface soil were determined and the
effective sizes and uniformity coefficients were calculated (Table 13).

The fractions of clay, silt and sand are presented in Table 14.

In Table 15 is shown the base exchange complex of the surface soils
of the eight spreading basins. Table 16 gives the concentration of organie
matter in the surface soils.

By comparing the data on particle size distribution presented in Table
3 with that given here it is apparent that, in general, there has been
a migration of the finer particles from the surface to lower depths. This
is most clearly shown in Basin C, which, as a result of the greater amounts
of water applied, had the greatest decrease in fines in the surface. This
migration may have a twofold effect: (1) by decreasing the absolute
amount of clay in the surface soil the base exchange capacity of that
surface would be decreased and (2) by decreasing the relative amount
of clay in the surface the percolation rate through the surface should
be correspondingly increased. Since, at TLodi, the subsurface soils are
poorer in clay than the surface soils, the inerease in the clay fraction of
the subsurface would tend to decrease the percolation rate through the
cubsurface. The percolation rate through the subsurface was initially
<o much larger than the rate through the surface that the decrease 1
percolation through the subsurface would be negligible unless clay lenses
or layers would be formed by the migrating fines. The net effect, if no
clay lenses formed, would be an increase in the over-all rate of perco-
lation.

The data on base exchange (Table 15) show that a decrease of about
50 percent in total exchangeable bases occurred during the spreading
study. Part of this decrease is associated with the decrease in surface
clay as mentioned above. The remaining fraction of the decrease was
due to a cation displacement by hydrogen jons and a slow leaching
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FIGURE c. Surface of Basin C

FIGURE d. Surface of Basin D
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FIGURE f. Surface of Basin B’
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FIGURE i.  Profile sketch of spreading basins at close of spreading study

away of the displaced ions. Measurement of the soil pH indicated that
the pH decreased from neutrality to about 5.5, thereby lending support
to the foregoing explanation. Such an increase in soil acidity is to be
expected after prolonged leaching or percolation.

As in the main body of the final report the data on organic matter
concentrations in the surface soil is inconclusive (Table 16)

2. Sampling Pans

Six sampling pans were removed from their positions in the soil.
These were pans No. 20, 21, 22,23, 14, and 2. The first four of this group
had yielded intermittent or no samples during the entire study, while
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TABLE 13

VARIATIONS OF EFFECTIVE SIZE AND UNIFORMITY COEFFICIENT OF FIRST FOOT
OF SOIL AT CLOSE OF SPREADING STUDY, LODI, CALIFORNIA

Basin Depth in inches E. S* 1B, (04
S e 0- 6 0.0020 45.7
7-12 0.0027 60.4
IREE e -ooenocooee 0- 6 0.0050 48.0
7-12 0.0023 44.3
G S SR 0- 6 0.0032 9.1
7-12 0.0035 34.9
D i AR 0- 6 0.0037 51.1
7-12 0.0027 50.7
e 0- 6 0.0025 67.6
7-12 0.0013 70.8
T el e S 0- 6 0.0019 04.7
7-12 0.0011 109.1
7 e S G R 0- 6 0.0017 85.3
7-12 0.0016 101.3
1 L 0- 6 0.0011 136.
7-12 0.0022 77.3

* Effective size of Hazen.
#* Uniformity coefficient of Hazen.

TABLE 14

FRACTIONS OF CLAY, SILT, AND SAND OF FIRST FOOT OF SOIL AT CLOSE OF
SPREADING STUDY, LODI, CALIFORNIA

Basin Depth in inches Percent clay! Percent silt? Percent sand *
I e e SRR e 0- 6 10 29 61
7-12 9 27 64
3 S 0- 6 7 21 72
7-12 9 30 61
(o 0- 6 4 12 84
7-12 8 31 61
10 ) o A e S S S 0- 6 8 22 70
7-12 9 27 64
Al e 0- 6 9 28 63
7-12 12 36 52
TED e e i e RS 0- 6 10 29 61
7-12 13 30 57
(G L ity - e S 0- 6 10 28 62
7-12 11 28 61
DI e L SRR RS 0- 6 11 o7 62
7-12 10 25 65

1 (lay: Defined as particles less than 0.002 mm.
2 §jlt: Defined as particles greater than 0.002 mm but less than 0.050 mm.
8 Sand; Defined as particles greater than 0.050 mm but less than 2.0 mm.

pans 14 and 2 showed evidence of channeling through the soil over-
laying them.

Tt was found that Pan 20 had failed to yield liquid samples because
of a tear in the rubber tubing connecting the pan to the sampling well.
Tn addition, the copper nipple on the pan was clogged.

Pan 21 was separated from the soil overlaying it. A horizontal gap
about one and one-half inches high between the pan and the soil above
it had prevented the percolating liquid from entering the pan.

Pan 22 had a smaller horizontal gap similar to that found over Pan 21.

1012.0083
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TABLE 15

BASE EXCHANGE COMPLEX OF SURFACE SOILS IN SPREADING BASINS

AT CLOSE OF SPREADING STUDY, LODI, CALIFORNIA

Sampling station

Milli-equivalents per 100 grams of soil

Ca Mg Na K Total
S sl et TN 2.07 0.78 0.26 0.44 3.55
B T e S s 1.39 0.42 0.10 0.37 2.28
(Gl RE Tt L LRl 1.12 0.92 0.12 0.15 2,31
DS A3 B ol 2.61 0.66 0.69 0.54 4.50
AL e 1.83 0.57 0.36 0.36 3.11
Bl e 2.15 0.84 0.62 0.51 4.12
(O e e T 2.27 0.53 0.32 0.42 3.53
DVt 1.78 0.39 0.44 0.44 3.05
Average.__________ 1.92 0.64 0.36 0.40 3.31
Average before
spreading®__ . ____ 3.8 2.7 0.65 0.53 o
* See Table 5 in body of report.
TABLE 16

ORGANIC MATTER IN SURFACE SOILS OF SPREADING BASINS AT CLOSE

OF SPREADING STUDY, LODI, CALIFORNIA*

Basin Depth in inches Percent C Percent N
ATTER STt U i ] 0- 6 1.29 0.11
7-12 0.93 0.08
BrotAulidoe .l Iy ivae 0 0- 6 0.44 0.08
7-12 0.77 0.07
Cri il TR DTy 0- 6 1.07 0.05
7-12 1911 0.10
D=l i el e 0- 6 0.82 0.08
7-12 0.61 0.06
SR e W e 0- 6 0.82 0.08
7-12 0.91 0.08
Bl Sdlies G 0- 6 0.92 0.08
7-12 0.81 0.08
Ol A L e L R A 0- 6 1.02 0.09
7-12 0.61 0.06
DA S s LSRN o 0- 6 1.06 0.11
7-12 0.63 0.08

* All samples taken after o two-week drying period. Results are give

Pan 23 had a one-half inch horizontal gap over it.
Pan 14 was solidly placed. The pan g
Wwith a gravel vein, 3 inches in diameter
to near the basin surface. This gravel ve
the basin construction and accounts fort
from this pan and also for the rapid flow-tk

1012.0084
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studies. That is, the presence of a pervious channel led surface water
to the pan with a minimum of filtering action.

The condition of Pan 2 was similar to that of Pan 14. Instead of a
gravel channel, however, a coarse sand channel was observed,

In all instances the failure of a pan to operate properly was correlated
with a mechanical difficulty associated with the placement of the pans
or the construction of the basins. The observations of Pans 14 and 2 sub-
stantiate the theory of channeling offered on page 67.
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APPENDIX A

Depth
In feet Color Texture | Structure |Compectness Permesbility
0
Erown fipe sandy |cxumb light moderate
; loam
2 —
3 Light brown|loamy sand |single grein light moderate
h
o Yellow brown|silty sand |single grain flight moderate
6 -/
i Yellowtram |coarse sand|single gein|light e xcellent
) L |
5 t
9 — Light yel- |ccarse sand|single grain 1ight o xcellen
low brown
176 5
\7
b Light gray |coarse sand|single grain |1ight pxcellen
brown
12 |
it L R
te
Yellow brown|clayey sand |massive uncompacted podere
4 SR
_|¥®llow brown|clayey gand massive moderate  1pOOT
15 —]
\ ood
% Yellor brown|fine sand [single grain uncompacted
o= L 2
| |#lbv brown|silty saud sizgle grein uncompacted |8
17
18 —]
fvery oo
19 —] clay messive compect
L
O LR _’________L_,_,_,_

FIGURE 38.

Profile sketch, det
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Depth
in feet Color Texture Structure |Compactness |Rermesility
0
Light brown |sendy loam |crumb [1ight moderate
s
ey
Browm loamy send |single gmin [light moderate
3 —]
IPEEes
Light brown|loamy sand single gmin |1ight moderate
(3 e=d
6 — Light yellow|clayey sand [massive compacted |poor
brown
T —
8t
Yellow browr.|coarse sand single grain|compacted |fair
9=
10
Light gray |losumy ccarse single grain|moderate moderate
11 — browvn sand
12 —
Brownish coarse sand [single grain |moderate fair
13 — gray
S
Red brown |coarse sand single grain|light excellent
15
16 —
17 —
Yellow trovn | sandy loam Llumpy moderate poor
18 —
19 —
20

FIGURE 39. Profile sketch, detail, Sampling Station A’-1
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Depth

In feet Color Texture Structure |Compactness (Fermeability
0
T | Light gray |fine sandy |crumb light moderate

brown loam
2
B Light brovm|fine sandy |crumb Light moderate
loam
L
5 —] Yallow browm |loam erumb light moderate
6
7 [Yellow red |clayey sand|massive moderate poor
T b ‘brown
8
| [Yellow brown|coarse sand|single grain|light good
10 —
Red brown |coarse sand|lumpy compacted | fair
Ak
12 —
a = Brownish coarge sand|single grain |light excellent
3 gray
14—
15
16 —
A==
18 Red brown |sandy clay |lumpy moderate Ppoox
19-——4
[ e

20

FIGURE 40. Profile sketch, detail, Sampling Station A’-2
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Depth Color Texture Structure | Compactness Rermeability
In feet
| — |
| k| Light gray [fine sandy |crumb light moderate
brown loam
S e e ]
3— Browm fine sandy |crumb light moderate
| loam
[ u_
e |
{ &
it o
I Yellowish clayey fine [erumb light moderate
l ‘ et brovm sand
it bl g
I
il te
i O Reddish coarse send |single grain very com- [modera
1’” I brown pacted
| — |
I 10— /
| Yellow trown coarse sang single grain [very com- [moderate
| "i Jipen pacted
i 12—
Yellowish [ooapge Sand |single grain fwell com-  |moderate
13— broyn pacted
Wwith gray
m streaks
—_—rr————
! Dark yelloy coarse sand fsingle grain moderate moderate
15 —_ bZ'OW’n
16—}
Q|
] [e11ow brom, clayey gand Lumpy moderate poor
Iy
1=
20—NQ PR

FIGURE 41. profje sketch, detail, Sampling Station B’
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|
____/1
Depth ____—-——‘// E
Rﬂ‘rmﬂabihty
i Teet Color Texture gtructure Compactness
s oht moderate
Timn Tight gray | fipe gandy | crumb ligh
brown loam i
[ e ——
3
b — 5 moderatc
ve1low trown | sandy loam crumb 1ight
5 grading
) to loamy :
pand Al
i fair
o te
\_Yel'lm prown | clayey sand cloddy moders |
7 il ‘ {
erate falr ‘
8 — Grayish yeld clayey cand | c10ddy mod | o
| low brown : ;
9
ey
S ted || £54T
i) [Reddish coarse Einelin compe®
1o brown gand gre
alig) i | ’ |
by
15 ]
NG|
fair
i rate
: Brownish coarse Sin%:‘;n mode
18 — red sand 8
R / |
20 o (e //
____,_,_-___,/
g Station (o]

FIGURE 42. Profile sketch: detail, Samplif
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~—Deptn
In feet Color Texture Structure [Compactness [Permeability
(o]
et Light gray |fine sandy |crumb light moderate
‘brown loam
2
3 —
by —] Yellow brown |sandy loam {crumb light moderate
grading to
5 —f loamy seml
6
Tt
S— Yellow brown |coarse sand |single grain [1ight lexcellent
@y
10)jz=
11—
12—t
Light rown |coarse sand|single grain [1ight lexcellent
13—
1h —
15 —
16 —
17 — Light trown |very fine |single grain|light xcellent
sand
18 ===
19
20

FIGURE 43. Profile sketch, detail, Sampling Station D’
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Particle size distribution at the 2-foot depth in four spreading basins, Lodi, California

FIGURE 45.



95

WASTE WATER RECLAMATION

DIU1031|DY) ‘1po] ‘suisnq Buippaids unoj ul yidep 31004-F 24} 10 uounqiysip 3Z1s 3PIIBd  “9F IANOIA
ww NI 3Z1S
10 10°0 100°0
T 2] T T T T T Y
o2
a
ov
g
2 NISVS
—osg
08

43NI4 LN3OY3d

1012.0095



WASTE WATER RECLAMATION

96

7 4SIp 2zis 3pPIDd Ly 3ANOI
DIUIO}I|DD “1IpO] “suisnq Buippaids 1noj ul yidap 4004/ 3y 4o uoynqiusip

1S
ww NI 3Z o .

d Nisvs

g
Y3ANI4  IN3Jy3gy
1012.0096



97

WASTE WATER RECLAMATION

Dluloyi|DD ‘1poT ‘sulspg Buipoaids 100} Ul Yidap 4004-QL Y} 4D UOUNQLUSIP SZiS PR ‘a7 WO

wuw NI 3Z\S
23 100

a Nisve

o2

(o)
w
Y3aNI4 1IN30¥3d

o
©

I]‘l

1012.0097



WASTE WATER RECLAMATION

98

D1uIO}[PD

/1poq ‘suisnq Buippaids 1noj ul yidap $004-g| 3yt 4D uoun

ww NI 3ZIS

quisip 9Zis 3PIIDd

‘6F WNOH

O NiISvs

S ——— =

o
<+
d

¥3ANI4  IN3ou3

1012.0098



99
WASTE WATER RECLAMATION
IDepth Perpeability In Feet PeT e
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basin)
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0f— D! o i 1 7
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; g i i 19.8 10'8
I 17.6 b :
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APPENDIX B

OUTLINE OF METHODS OF ANALYSIS
Bacteriological Methods

1. Standard 37 degrees C. Agar Plate Count. Serial dilutions of the
liquid sample were prepared, nutrient agar pour plates were mad(’: and
incubated at 37 degrees (. for 48 hours. Colonies were counted using a
Quebec Colony Counter and reported as ‘‘colonies per ml.”’

Reference: “Standard Methods for the Examination of Water and Sewage,” 9th
Ed., 1946.

2. Test for Fecal Streptococei. Standard portions of the sample, 1.€.,
5-10 ml portions, 1-1 ml portion and 1-0.1 ml portion, were inoculated
into azide dextrose broth and incubated at 37 degrees C. for 48 hours:
The presence of turbidity and/or sediment was considered presumptive
for fecal streptococei. Confirmation consisted of making a mieroscopic
examination of the settled material and the demonstration of the presence

of Gram positive streptococei in Gram strained smears. Most probable
numbers of streptococei were obtained by using the most probable number
tables in Standard Methods.

Reference: Mallmann, W. L. and Seligman, B, B.,

for the Detection of Streptococci in Water and Sewag
289, 1950. :

; dia
“A Comparative Study of Med ;
¢, Am. J. Public Health 40:286

3. Coliform Test. Standard portions of the sample, i.e., 5-10 ml
portions, 1-1 ml portions and 1-0.1 ml portions, were inoculated into
lactose broth and ineubated at 37 degrees (. for 48 hours, Tubes show-
ing gas were considered positive presumptives and transferred to bril
liant green bile broth for confirmation, Sewage samples were appro-

priately diluted before inoculation into lactose broth. Most Pr(’bable
numbers were obtained from mo

st prob s in Standard
Methods. probable number tables in

Reference: “Standard Methods for the Examination of Water and Sewage.”

Chemical Methods

1. Ammonia-nitrogen. Ammonia was determined by direct nessleriza-
tion when the concentration was less than 8 ppm. Comparisons of samples
were made with standard solutions at g wavelt-'\ngth of 410 my using @
Beckman Model DU spectrophotometer. Where the concentration X
ceeded 8 ppm the ammonia was distilleq off ’Erom a 200 ml aliquot 10
which a phosphate buffer had been added. The distilled ammonia Wa$
caught in a saturated solution of boric acid and back titrated with &
standard sulfurie acid solution. Methyl orange -xylene cy nole was uSeC
as the indicator. Wisiles e T G

Reference : “Standard Methods for the Examination of Water and Sewage.”
2. Nitrite-nitrogen.
colorimetrie proc

) i ; ine
he standard sulfanilic acid-q naphthalami?
solutions in

edure was used. Samples were compared with gtandard
e i spectrophotometer at g wavelength of 535 mp.
eference: “Standard Methods for the BExamination of Water and gewage.”

1012.0100
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10. Potassium. Potassium was determined by means of a flame analé
ysis. A standard curve was made by setting limits from 0 to 15 ppm 0
potassium at 770 mu. Samples were compared with the standard curve.

Reference: Bulletin 259, Beckman Instruments, South Pasadena, Calif.

11. Sodium. Sodium was determind by flame analysis. A standard
curve between the limits of 0 and 100 ppm of sodium was made at a wave-
length of 588 mu. Samples were compared with the standard curve.

Reference : Bulletin 259, Beckman Instruments, South Pasadena, Calif.

12. Alkalinity. The sample was titrated with a standard acid solutior2l
using a pH meter rather than indicator solutions. End points at pH 8.

and 4.3 were used to calculate the bicarbonate and carbonate alkalinity.
Reference: “Standard Methods for the Examination of Water and Sewage.”

13. Conductivity. Conduectivi
Bridge, model RD-26 manufact
Jersey City, New Jersey.

14. pH. Phe pH was measured with a Beckman pH meter, model H2.

15. BOD. The dilution method for determining the five-day 20-
degree C. BOD was used.

Reference: “Standard Methods for the Examin

ty was measured by means of a Solu-
ured by Industrial Instruments Ine.,

ation of Water and Sewage.”
16. Dissolved Oxygen. The D0 was determined by the sodium azide
modification of the Winkler method.

Reference: “Standard Methods for the Examination of Water and Sewage.”

Soil Analysis Methods

1. Organic Nitrogen. See 4 under chemical methods.

2. Organiec Carbon.
mejchod using a stanglax:d carbon and hydrogen train apparatus. The
wglg_}led sample was ignited in an 0Xygen train and the evolved carbon
dioxide was trapped by Ascarite and weighed. The organic carbon con-
tent was then calculated. i

Reference: Pregl, B., “Quantitative Oreant icroanalvsic Inelish Ed., 1946,
Blakiston Co., Philadelphia, o e e

Carbon was determined by a dry combustion

34 l?art}ele Size.Distribution. The soil particles were dispersed by
blending in a_Warmg Blendor in the presence of sodium hexametaphos-
phate. Sand sizes were determine by the usual sieving method whereas
distribution of particleg finer than ! ST

; : 0 50 microns was determined with &
soil hydrometer making use of Stoke’s 1avy.
Reference: Day, Paul R., Soi] Sci. 70:363-374, 1950,

4 Permeablllty. The undisturheq surface soil cores were taken with
an impact driven core sampler, The cores were in the form of a cylinder
7.5 cm in diameter and 75 op in length. Distilled water was applied at
a constant head of 25 ecm of water to the bottom of the upright core. The
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APPENDIX D

POROUS TUBE DEVICE FOR SAMPLING SOIL SOLUTIONS
DURING WATER SPREADING OPERATIONS *

By Ray Krone, H. F. Ludwig, and Jerome Thomas
Sanitary IEngineering Research Project, University of California

July, 1951
1. Introduction

The percolation of water throueh soil is a phenomenon involved in
many sanitary engineering processes, e.g., in the reclamation of sewage
by spreading on porous ground areas, so that the water content of the
sewage will percolate downwards and augment underground water sup-
plies, and in the disposal of septic tank effluents through subsurface
leaching systems. The phenomena which occur along the path of the
percolating water are of great importance, and are being increasingly
studied. Such studies require that samples of the percolating water or
soil solution, be withdrawn at intervals along the soil profile.

Two commonly used sampling methods are (a) the use of pans placed
in the soil to catch the downward moving water, and (b) removal of a
sample of the soil, from which the soil solution may be displaced in the
laboratory. Method (b) involves oross disturbance to the soil and hence
is not suited to continuous investigations. Method (a) has been employed
extensively in recent years (References 1 and 2), and have been found
to have serious disadvantages, as follows : (1) Placement of the pans is
difficult without disturbing the overlying soil, and it is difficult to secure
a good ““bond’’ with the overlying soil ; (2) the method fails when the
percolating water is under tension ; ! (3) the flow path,”and perhaps the
characteristics of the percolating water, are seriously altered ; and (4)
the size of the pans, if large enough to collect significant samples, limits
the number which may be used, and hence makes it difficult to collect
samples from enough locations to assure representative results.

This discussion deseribes an improved sampling method developed by
the Sanitary Engineering Research Project, which involves the use of
a porous tube or ‘‘probe’’ to which negative pressures or tensions are
applied. The method was investigated on the suggestion of Professor
P. R. Day of the Department of Soils, University of California, and is

being applied to the project’s current investigation of sewage reclama-
tion by spreading.

2. The Method

The porous tube or probe is inserted into the soil at the desired sam-
pling depth. The tension or negative pressure necessary to withdraw
the liquid may be provided by any means, but usually the most con-
venient method is to use a ““hanging’’ column of water or siphon, as
illustrated in Figures 1 and 2. Prior to sampling, the probe and connect-
ing tubing must be completely filled with water to displace air and to
establish the siphon, and the initial yield of the sampling system is dis-

carded until the water initially present in the probe and connecting
tubing has been displaced.

* Soil Science 78:211-219, 1952, (Reprinted by permission. )
1 These conditions are often found, especially in stratified soils.
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4. Hydraulics of Sampling

Test Procedure. An investigation of the pattern of flow from the
soil into the probe was made with a column of Yolo loam carefully packed
in a container 30 em high and 28 ¢m in diameter, with a Mandler 2-pound
probe placed in a horizontal position at the center of the container, 14 em
from the top (Figures 1 and 2). To measure the changes in pressure
oceurring in the soil solution as a result of the sampling, tensiometer
tips * were placed above, below, and to the side of the probe, as shown in
Figure 4. Also, to control the downward flow through the column, the
bottom of the eolumn was subjected to tension in the manner described
by Coleman (Reference 3).

Two series of tests were made: (1) With an initial solution tension of
minus 5 em, i.e., with a positive pressure in the percolating liquid ; and (2)
with an initial solution tension of 10 em, representing a condition adverse
to sampling by means of pans. In each series a number of different probe
tensions were applied, and, after establishment of equilibrium in each
case, the yield and solution pressure were recorded. The data on yields
are shown in Figure 5. The solution pressure data are presented in
Table T, with the values corrected to refer to the bottom of the con-
tainer as a reference datum. Also, full scale diagrams illustrating a
typical set of data are shown in Figure 4. In Figure 4 the numbers on
the left are the solution pressures found when the probe is inoperative
(closed oft), and those on the right when 105 em probe tension is applied.

The data presented refer to only one soil type, and moreover were
affected to some degree by nonuniformity in soil packing and by the
presence of the tensiometer tips. However, the results are believed to
be closely representative of actual field conditions,

Interpretations. The significance of the data is indicated by the

change in solution pressure following application of the probe tension.
Figure 6 illustrates, for example, the equilibrium solution pressures oc-
curing on a vertical plane perpendicular to the probe, when the initial
solution pressure is minus 5 ¢cm tension (5 em positive pressure) and the
applied tension is 105 cm. The drawing, which is typical for most com-
binations of conditions, shows that the locus for a given pressure change
approximates an egg-shape curve with its apex beneath the probe, Hence,
the changes in pressure are greater below the probe than above.

The changes along a line of econstant hydrostatic head, i.e., on a hori-
zontal line perpendicular to the probe, are illustrated in Figure 7. The
change in solution pressure approximates a logarithmic function of the
distance from the probe, and is probably determined by the oil permea-
bility and the initial solution pressure, as well as by the applied tension.
If this curve is extrapolated to a point representing zero pressure change,
the corresponding distance from the probe is still small. Thus, the applied
probe tension disturbs the flow pattern in only a small or limited region,
and the sampling process therefore results in negligible disturbance to
the general flow pattern.

* A tensiometer tip is essentially a tiny probe connected to a manometer leg, which there-
fore measures the pressure existing in the soil solution at the location of the tip.

8 The method applies tension to the base of the column, where otherwise water would
accumulate in a “static mound.” By varylng; the tension applied to the base, the initial
soil solution pressures may be changed at will,
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TABLE |

SOIL SOLUTION HEAD AT VARIOUS TENSIOMETER STATIONS
IN CM WATER ABOVE BASE OF COLUMN

A. Initial Solution Pressure at Probe — +5 em

Tension applied to probe in ¢cm water
Tensiqmeter
gEhoR 0 105 00 25 0
SRR e AL TR 23.4 22.7 23.2 23.4 23.7
Bt AR e 27.5 25.1 27.0 27.3 28.0
Ol e L A S 18.1 11.8 16.7 18.3 20.7
o e e 18.0 15.9 18.0 18.7 19.6
ol et S e 17.7 15.6 17.9 18.7 19.5
Tk g e 22.2 17.8 20.6 a21s 23.3
e e e 25.0 22.6 24.3 25.0 25.7
i e R ) Sl 24.8 23.4 24.7 25.1 25.7
ql 22.9 21.5 23.4 23.8 24.4

B. Initial Solution Pressure at Probe — —10 em

Tension applied to probe in cm water
ensiometer station

: 0 37.5 (‘ 85 115
A 14.4 12.7 6.3 13.2
B 12.0 8.3 —2.1 e
C e 5.9 1.4 S g sl W e
L 4.3 2.8 —3.9 LS
B 3.4 2.1 —3.9 —6.9
L LR L e 7.2 =102 T SR W T 8 TRy
G 9.1 6.1 ——giq —7.5
HETH e o E o 8.5 7.4 s e
Lo 11.0 9.3 4.9 1.4

NOTE. All tests made with & two-pound Mandler filter having an estimated average pore size of 1.

1012.0120
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