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INTRODUCTION

Many of the Safety Roadside Rest Areas (SRRA) and maintenance
stations use septic tank-leach field treatment and disposal
systems to handle the wastewater generated in california
Department of Transportation (Caltrans) facilities. In some of

these wastewater systems rapid buildup of scum layers has become

a problemn.

In order to reduce septic tank pumping costs in these problenm
systems, some maintenance crews have been using proprietary
biological agehts to reduce scum layer buildup. Delay in
pumping the septic tanks, in which the scum layers rapidly
increase in thickness, results in blockage of septic tank inlets
and flooding of comfort stations, or in extreme cases the
incompletely treated scum is discharged to the leach field. Scum
particles in septic tank effluent streams are considered to
produce a significant plugging effect in the leach fields into

which they are discharged.

Various proprietary biological agents have heen purchased by
Caltrans maintenance personnel in the recent past in order to
reduce incomplete scum treatment problems such as septic tank
inlet plugging and leach field disposal system failures. A

survey of the additives being purchased by Caltrans was made and



the three most éoﬁmcn ones were selected for study by the
University of California Sanitary Engineering and Environmental

Health Research Laboratory in Richmond.

The three additive products are identified by the pseudonyms
additives A, B and C in the University of California report
which, to the best of our knowledge, are known as Actizyme,

Microbe=-Lift and Septic Tank Activator, respectively.

In the field test at Westley SRRA, six septic tanks were
selected for the study, four septic tanks (each with 7,500
gallon capacity) receiving rest room wastewater and two septic

tanks (each with 4,500 gallon capacity) receiving recreational

vehicle wastewater.

Wastewater from réét rocms:on the northbound (NB) side of
Westley SRRA is treated in two 7,500 gallon septic tanks.
Wastewater from the southbound (SB) side is also treated in two
7,500 gallon sept;c tanks. The westerly 7,500 gallon SB tank was
selected for trea%ment while the easterly SB tank was used for a
control (no treatment). The NB rest room septic tanks were
operated in similar fashion during the study periocd (one treated,
one control). The SB 4,500 gallon recreational vehicle septic

tank was treated with additives while the NB tank was used as a

-

control (no treatment).



During the three month field study period, the scum thicknesses
in the six septic tanks were measured and three of the six tanks
were treated with additives as recommended by the manufacturers.
The experimental results are shown in Tables 1, 2, and 3 in the

University of California report (shown in Appendix).

CONCLUSIONS:

Based upon the University of California Westley field study data
and statistical analyses along with available Caltrans

information, the following conclusions have been reached:

1 - With the type of wastewater flow rates and scum (paper
products) accumulation rates as evidenced at Westley SRRA during
the field study perioed, the addition of Additives A, B, and C to
the pulverized scum layers in the inlet compartment manholes of
the three treated septic tanks produced no significant reduction
of scum layer thicknesses when compared to the scum layer

thicknesses in the control septic tanks.

2 - From these field evaluations and other related Caltrans
investigations, it appears that highly concentrated domestic
wastewaters are generated in the Westley SRRA rest rooms. These
wastewaters contain disproportionate quantities of body wastes |
and toilet paper products when compared to typical household

(domestic) wastewater flows.



3 - The ‘scum accumulations in Westley SRRA restroom septic tanks
appear to be mostiy paper products, such as paper toilet seat

covers and toilet tissues.

4 - More rapid buildup of scum occurs in Caltrans SRRA septic
tanks, such as are found at Westley, than in typical household
septic tanks due to the excessive use of paper products (toilet
tissues and paperﬁtoilet seat covers). Very few, if any,
households use paper toilet seat covers at all while their use is

commonplace at Caitrans SRRAs.

5 « In Westley SRRA rest room septic tanks, paper materials that
float (scum) appeér to accumulate rapidly in the first
compartment (behiﬁd the precast concrete construction joint) due
to both high rest;room usage and the large quantities of paper
products discharged to .waste. The problem appears to be more
severe in the SB tanks due to heavier public usage and because of

the "tee" type septic tank inlet provided to minimize short

‘eircuiting.

6 - It appears that natural microbiological degradation of scum
material is occurring in the Westley SRRA septic tanks, but that
this natural process could be made more efficient by pfoviding a
gréater degree of physical contact between the scum material and

the microorganisms in the wastewater.



7 =~ The scum accumulation probleﬁ found in the Westley SRRA
recreational vehiclé septic tanks doés not appear to be any more
severe than that of the four rest room septic tanks despite the
fact that odor-reducing chemicals are usually discharged with the
recreational vehicle wastes. The positive effect here may be due
to the general use of more highly biocdegradable toilet tissues in

recreational vehicle wastewater systems.
RECOMMENDATIONS:

Based upon the findings of the University of california study

made at Westley SRRA, the following recommendations are made:

Short-term Recommendations

1l - To reduce the frequent pumping of the rest room septic tanks
at Westley SRRA, it is recommended that toilet paper products

that are more easily degraded be used in the restrooms, or

2 - Mechanical agitation devices be installed near the water
surface in the first compartment of the rest room septic tanks
and operated when required to maintain better contact between the

scum materials and the microorganisms in the wastewater, or

3 - High-rate reaction additives that have been determined to be

capable of speeding up the biological activity of the reactive



miéroorganisms beﬁmixed with the waste contents of the Westley
rest room septic tanks so that‘scum is degraded at a rate equal

to or greater than the discharge rate of the septic tanks.

Long=term Recommehdations

1 - To allow for future increases in usage of rest rooms at
Westiey SRRA, a 20,000 to 25,000 gallon capacity septic tank
should be constructed to replace the two 7,500 gallon existing
septic tanks on the'SB sidé; Design should include proper baffle
placenent to allow for more uniform dispersion of the scum

materials in the inlet portion of the tank.

2 - Aftér futﬁre érowth predictions 6f rest room usage and
wastewater flow rétes have been completed at Westley SRRA, a
reevaluation of the suitability of wastewater treatment in
septic tanks should be made. Consideration should be given to

oxidation pond tréatment as well as septic tank-leach field

treatment systems.
IMPLEMENTATION:

Coﬁies of this report will be distributed to the Federal Highway
Administration, Caltrans Headgquarters and the eleven Caltrans
District Offices for their information and future use. Other

interested parties will be furnished copies upon recquest.
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DISCUSSION

Objectives of this Research

The objectives of this research are: (1) selection of additives
to be studied, (2) determination of additive dosages to be used,

(3) additive application methods and (4) scum thickness reduction

factors.

Selection of Additives to be Studied

Three additives were selected for evaluation in this study. The
primary basis for selection of these additives was that Caltrans
maintenance personnel had been using them for some time but the
correlation between dosage and scum thickness reduction had not
been established. The names of the three additives selected were
Actizyme, Microbe-Lift, and Septic Tank Activator. According to
the best information available to us these additives correspond
to the pseudonyms A, B, and C, respectively, that are mentioned
in the University of california report which is attached to this

report in the Appendix.

Determination of Additive Dosadges

The initial dosages used at the Westley SRRA in this field study

were recommended by the suppliers of the additives. Since



”ﬁicrobiological'decomposition rates of organic matter depend to a
great extent upon the quality and quantity of organic matter to
be treated (scum), the concentration of additive used and the
length of time that the addltlve is in contact with the |
bacteriological agents that are ingesting the organic material,
the additives were added in varying rates over similar time
periods. Manufacturers' suggestions for changes of schedules of
additive dosages were followed as closely as possible within the
limitations of hanpower availability and flow rate
approximations. Time schedules of additive dosages and scum
thickness measurements are presented in Tables 1, 2, and 3 of the

University of California Report in the Appendix.

Additive Application Methods

In thelfield portion of this septic tank additive study, the
additive application method selected by the researchers consisted
of adding the active material to the scum material through the
septic tank inlet manhole after the scunm layer had been
pulverized with the blunt rammer. Scum thickness readings were

taken before the pulverization process was initiated.

Another possiblé method of applying the additive to the scum
material is to flush it down the stool nearest the inlet end of
the septicrtank; ‘This option was not selected during this study
at the Westley SRRA. There are six septic tanks at this site,

two of which are recreational vehicle septic tanks.



To flush the septic tank additive materials through the stools in
the fest rooms that are served by the other four septic tanks
would create a nonuniform procedure since the recreational
vehicle septic tanks are not connected to a stool that could be
flushed. There also is a véry good possibility that additive
materials that are flushed into the septic tank will not be
dispersed as well throughout the scum material as they were in
this study. Contact between the additives, microbiological agents
and the scum material should be as uniform as possible to
facilitate bacterial decomposition of the organic matter and to
pfovide a uniform layer that may be easily measured by means of
the géuging instrument. Nonuniform scum layers are very
difficult to measure accurately with the type of instruments

available for this study.

Scum Thickness Reduction Factors

The rate of scum degradation in a septic tank is related to many
factors. Some of the most important factors are: (1) inflow
rate of scum ipaper) materials into the tank, (2) the composition
of the liguid component of the wastewater, (3) the geometrics of
the septic tank, and (4) the type and quantity of

microorganisms available to degrade the scum material.



(1) Infloerate of scum (paper) materials into the tank.

Although no wastewater flow measurements were made in this study,
é recent study made by the Caltrans Laboratory on septic tank
flow rates includes flow rate estimates at the Westley SRRA.
These estimates indicate that the wastewater is held in the
septic_tanks for approximately one day when average day flows
occur, WhenApeak'flows occur, the capacity for treatment is
.exceeded, creating a large buildup of scum layers in the upstream
compartments of the septic ﬁanks. The southbound septic tanks
appear to have a more rapid accumulation of scum materials than

the northbound tanks due to a greater amount of rest area usage

by the public.
(2) The compositién of the liquid component of the wastewater.

The concentration of soluble and suspended materials in the
liquid that is diScharéed to the rest area septic tanks differs
to some extent frém that found in typical domestic wastewater
septic tank flows; Rest area septic tanks receive
disproportionateLguantities of urine, fecal matter and paper
products as compa?ed to domestic wastewater. Domestic wastewater
contains significﬁnt quantities of nontoilet wastes such as
laundry wastes, food preparation wastes, dishwater and bathwater.
In California reét areas, baper toilet seat covers are used by
the public that are not readily degraded by microbiological

agents in the septic tanks. These paper toilet seat covers may

10



make up nearly half the total paper discharged to rest area

septic tanks.

Normally, less paper is discharged to recreational vehicle septic
tanks than to rest room septic tanks. A factor that largely
negates the paper advantage is the fact that solids |
concentrations are higher and odor-control preservatives are

often used which reduce the rate of bacterial decomposition.
(3) The geometrics of the septic tanks.

Generally, Caltrans SRRA septic tanks are rectangular in

cross section at the scum line with either a tee-type inlet or a
short wall baffle used to prevent short-circuiting of the inlet
flow to the outlet structure. At Westley SRRA, the scﬁm is
concentrated in the first 8-foot chamber of the 40~-foot precast
concrete septic tank by the construction joint as is shown in the
Appendix of the University of California report. In two of the
six Westley SRRA septic tanks, a drop inlet is used to discharge
the wastewater from the inlet pipe to the septic tank instead of

the more conventional tee inlet.

In the University of California study, it was found that the

greatest early decrease in scum thickness occurred in the test -
septic tank fitted with the drop inlet rather than the tee inlet
with all additives. This greater decrease of scum thickness in

the NB Westley SRRA septic tank that was outfitted with the drop

11



inlet was likely caused by:the increased agitation of the scum
liguid mixture (better contact between the microorganisms and

~the scum material).

(4) The type and quantity of microorganisms available to degrade

the scum material.

Microorganisms that degrade scum or paper materials are present
in the septic tanks. The quantity of microorganisms that are
available to degrade materials, such as paper scum, in a septic
tank will depend to a great extent on the type of enviromment in
which they find themselves. If the temperature, pH, and food are
at values that encourage growth, the microorganisms will thrive
and, in the process, degrade large quantities of matter. In this
study the food was the paper scum. Sufficienf quantities of food
appeared to be available in the septic tanks at Westley SRRA but
the microbioclogical proceséés seemed to be adversely affected due
to insufficient contact between the microorganisms and the scum.
The University of California researcher indicates some slow

reaction may be caused by a low pH condition.

Generally, micrborganisms fequire a water medium in which to
live and physical contact with the food to be degraded in order
to be most effective. In the Westley SRRA septic tanks it
appears that the écum (paper) layers build up so rapidly that a
significant ?ortion of the paper is_in contact only with other

paper, rather than the water medium containing the

12



microorganisms. For the enzymatic agents or additives to have a
positive effect, the microorganisms must be in contact with these
agents or have these materials available to them for a _
significant period of time. 1In the Westley SRRA septic tanks,
the estimated tank detention time with peak flows is less than -
one day. This is normally considered to be insufficient to allow
for multiplication of the microbiological-agents énd for
appreciable degradation of the scum to occur. In other words, it
appears likely that the enzymatic agents are discharged from the
tanks before they can be of much benefit to the microorganisms

that degrade the scum materials.

From the review of the literature furnished us by the additive
suppliers, it was found that microorganisms in contact with these
additives and scum materials in septic tanks with longer
detention times have been effective in breaking down scum layers.
In the field tests conducted at Westley SRRA by the University of
California researchers, both the rapid scum buildup in the septic
tanks and the short detention times would appear to create a
negative environmental effect on proper microbiological activity
for the microorganisms that break down.scum materials. Since the
field tests were not conducted under normal domestic septic tank
operating conditions, the results obtained do not in anyway
demonstrate the degree of effectiveness of these three additives

under other less severe conditions.
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SUMMARY AND CONCLUSIONS

The research sought a method to mitigate the accumulation of
scum in septic tanks at safety roadside rest areas (SRRAs).
The scum appeared to be largely paper from the restrooms.
Accumulation of scum in the inlet compartments of septic
tanks at some SRRAs reportedly had caused occasional
blockage of the inlet lines from the restrooms. In septic
tanks at the Westley northbound and southbound SRRAs the
thickness of the scum mat decreased on the day after the
scum was pulverized, then gradually recovered or surpassed
its original thickness after about two weeks. The decrease
in scum mat thickness on the day following pulverization was
greater in a test septic tank fitted with a drop inlet than
in the other test septic tanks that were each fitted with a
conventional tee-inlet. A drop inlet allows influent to
tumble freely into the tank, whereas influent enters the
tank more gently at water level with a tee-inlet. One tee-
inlet tank treated only RV waste from a trailer sanitation
station. In the tee—inlet‘septic tanks, the decrease in
scum thickness after pulverization did not differ between
the untreated control tank and tanks treated with any of the
three biological additives applied, according to statistical
significance testing at the 95% level. The scum was mildly
acidic although the waste was alkaline. Over the evaluation
period of approximately three months, the thickness of scum
mats in all Westley test septic tanks was controlled by bi-

weekly pulverization of the scum.

iii



:WTﬁo'sets of laborgiory'expe;iments were designed to define
how any of the_three additives examined affected the volume
of septic tank scufm initially placed in the experimental
laboratory processfunits. These process units were referred
to as the columns and the batch reactors. Scum used in the
process units was obtained from the Westley southbound SRRA

east and west septic tanks. -

For the column laboratory experiments, eight process units
were set up, eachICOntaining a layer of scum floating on
domestic wastewater. The rate of decrease of thickness of
each mat as it disintegrated into the wastewater was
determined, and these rates were compared between process
units. Results provided insufficient statistical evidence
at the 95% sigpificance level to reject the null hypothesis
that the rates of.décrease of thickness of the scum mats
spiked with any of the three additives did not differ from

the rates in the untreated process units.

In the batch reactbr experiments, the density and volume of
additive-treated and untreated scum were observed after
water was allowed to drain from the scum by gravity. These
experiments were eonducted'on scum as received, and also on
scum that had been limed to counteract acidity (pH 5.8).
Over a four-week test period, the volume of unlimed scum
decreased by an avérage of 48% of the original volume,
compared to 8% fof limed scum. Unlimed scum remained

generally lighterathan water, but limed scum was heavier and
iv



would have sunk. The relatively-éensitive batch reactor
studies providedlsomeievidence of interaction between scum
and addi;ive,.that was nqt observea in field studies or
1aborator§-column studies. Effects observed in batch

. reactor studiés were rather slight, e.g., the volume of scum
in one set of édditive—treated batéh reactors was 15% lower
than in a set of control reacﬁors after 28 days contact.
Effects observed in additive-treated reactors were not

always obviously advantageous to scum abatement.
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LITERATURE

A literature survey was not a part of this study, but readily
available'sources on the use of biological additives in
wastewater treatment and similar fields were compiled as

follows.

Thorough recent research concerning the effect of bacterial
or enzymatic additives on biological waste treatment
processes is meager, judging from the paucity of sﬁch reports
in reviewed technical journals. The only such recent report
located described the operation of bench-scale activated
sludge units for the purpose of evaluating the effect of a
bacterial culture product on the activated sludge process.
Some of the experimental units were dosed with the additive,
while others remained undosed to serve as controls. Based on
the results of the study it was concluded that the bacterial
culture product tested had some effect on the sludge growth
yield coefficient, ¥, (approx. 7% increase), and the decay
coefficient, kd,,(approx. 20% decrease), but no effect on the
substrate utilization coefficients k and K,- The increase in
BOD removal from dosing the biological reaction with the
bacterial culture product was 8% at a sludge age of two days,
2% at a sludge age of 6 to 8 days, and 1%-at higher sludge
ages. There was considered to be little effect on the
performance of a well designed and well operated activated
sludge plant, and it was surmised that the product may have
some benefit in those plants that are already overloaded and

are operating at poor organic removal efficiencies (1)}.



~ Other authors cautioned agéinst attempting to use bacterial
culturgSJto rectify design or operating deficiencies,
stating: "Biocaugmentation with mutant bacterial cultures is
recent technology that requires careful control in the field
to evaluate the effectivenesé of application. Improvement

~in several petrochemical‘effluents has been obtained within
well engineered systems. No claims should be made to
suggest that it takes the place of such a system. The
improvements in effluent quality justify more field
experiments.. Such field trials must be accompanied by
serviée to examine several parameters 6f operation,
including-microscopic examination of activated sludge as a

check on the activity of the biomass" (2).

The only report reviewed on an investigation into the use of
a biological additive in séptic tanks was a study on the usé
of yeast as a "stééter" of septic tanks, yeast reportedly
being a component éf some proprietary additives. However,
on the basis of bottle experiments conducted, the addition
of yeast to sewage was found not to stimulate digestion for
at least 25 days. 'Although addition of yeast to mixtures of
~ sewage and ripe siﬁdge appeared to stimulate gas production,
this was believed to be more due to the production of gas
from the organic matter in the yeast suspension used (yeast
‘plus starch}, thanrto the stimulation of digestion in the
sewage-sludge mixture (3). Another report, apparently on
the use of activatérs on septic tanks, written in the French

language, had not been translated at the time of writing (4).



Aﬁother study investigated the effeétiveness of certain
enzymes in sludges and manures, the effect of enzyme
additive on anaercbic degradation activity, and the
integrity of the additive in the course of interacting with
the sludge or manure. The first question was assessed by
determining whether th% degradation enzymes would stimulate
oxygen uptake by sludges and manures. The enzymes
cellulase, lipase and protease were found ineffective,
strictly from an enzymatic viewpoint, in stimulating oxygen
uptake., Whenever an enzyme stimulated oxygen uptake, it did
this regardless of whether the enzyme was intact (active to
begin with) or denatured (inactivated due to boiling). This
signifies that, at best, the enzymes were used as nutrients
by microorganisms within the waste materials. Significant
gquantities of protease, lipase and peroxidase were
inactivated or destroyed in the course of interacting with
the sludges and manures, and significant quantities of
cellulase remained active in the course of interaction.
Since the sludges and manures by themselves exhibited high
respiratory rates, indicative of a highly active microbial
population, it was likely that the availability of suitable
substrates was not limiting, and that the addition of an

exogenous source of cellulase was superfluous (5).

As a theoretical contribution, the application of Michaelis-
Menton'growth kinetics to the competition between indigenous

and added bacteria was considered. However, theoretical



hCOncepts Wéféfnotééested efgerimentally, e.g., with observed
values of kinetic parameters for the added bacteria. Three
case summaries of biocaugmentation for enhancing waste
removal performance in a waste treatment system were

provided (6).

Of the other articles that Were reviewed, several alluded to
success in the use of bicaugmentation in waste treatment {7,
8, 2, 10, 11, 12), while another discussed the controversy
surroundiné fheir use. (13), and yet another directly
challenged viewpoiﬁts attributed generally to protagonists

of bacterial and énzymatic additives (14).
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STUDY OF SEPTIC TANKS IN THE FIELD

Problem Statement and Project Objective:

Of about 400 SRRA septic tanks reportedly in California,
some are said to require pumping at intervals as short as a
few months, primarily to remove scum. Casual observation of
septic tank scum at a few California SRRAs suggests that the
scum is largely paper. Certain proprietary biclogical
products reputedly mitigate the accumulation of scum in
septic tanks, thus saving part of the alternative cost_of
scum disposal. 1In order to investigate the efficacy of a
few of these products identified by the California
Department of Transportation Office of Structures Design,
scum thickness measurements were made in untreated control
septic tanks and in test tanks each treated with a product

according its manufacturer's recommendations.

Study Locations: Between October and December 1985, field

measurements were made of scum thickness in septic tanks at
four SRRAs located in the California Central Valley, namely
the Westley northbound and southbouhd SRRAs on Interstate 5,
and the Turlock northbound and southbound SRRAs on Highway

93. At each of these SRRAs the restrooms are served by two
septic tanks, with the tanks segregated by restroom sex at

Turlock but not at Westley, so that Westley restroom septic
tanks receive mixed womens' and mens' restroom waste. Also,
the Westley northbound and southbound SRRAs provide trailer

sanitation stations for dumping wastes from recreational



S o T R
vehicles (RVs), and each RV dump has a septic tank. So

Westley has six septic tanks, and Turlock has four.

Septic Tanks Studied: Céliforn;a Department of
Transportation coéstruétion drawings of the SRRA septic tank
waste disposal syétems at the Westley and Turlock study
sites appear in Aﬁpendix I. All of the septic tanks
monitored have se%eral compartments, and a corresponding
number of manholegntolfacilitate access to individual
compartments. Fiéﬁres 1 aﬁd 2 show the lines of septic tank
manhole covers directed generally towards the restrooms at
Westley northbound and southbound SRRAs. Figure 3 shows the
Westley northbouné:trailer:sanitation station (RV dump) in
use, Measurement§=of the thickness of the floating mat of
gscum were taken in the first and second manholes from the
inlets of the sepﬁic tanksfﬁwhere essentially all of the
scum gathered, as revealed by spot checking manholes further

from the inlets.

Scum Differences Between Locations: At Westley SRRA, the
scum mats generally covered the entire surface of the septic
tank contents that was exposed at the manholes, as
iliustrated in Fiéure 4, that shows a conventional tee-inlet
to the septic tanﬁ. However, at Turlock SRRAs wherg the
manholes were larger, and where waste was introduced to all
tanks by drop inléts, a 'plunge pool' of exposed liquid

surrounded by scum appearéd at the inlet manholes, as



{~31°7)
e woIxq

© *2TOTYSA TPUOTIERSIDDY
23seM burtAaTs0o9y uotrle]ls

UOT3e]ITULEsS ISTTRIL PunoqyliIoN AST31IsSsM

(*3ybtx doy)

{*ags1 dog)

*saToyueRy jueg otados
VNS punoguilIoN Ao1ilsem

*gsoToyue Yuel oT3ldss
YydYs punoquinog AST3IssMm

g sanbtyg

1z =anbtg




{*2ybTy) -3I=TuUI-doIxQ YITM Pa3ITJ uel 273deg UITM
fatoyuery uchH jyuel o13des wooxizsay , SUSK ¥YYS punoquinoes oofang ut IsAerq] umog

: (*x93ua)) .umH:H-mouo UY3TH pPa33Td quel or13des UYITM
foToyuey uchH juey, OT3deg WOOI]SSY ,SUSWOM YIYS pUnNOqUINOg IADOTINRL UT I2LeT wunog

("33°7T) “3OTUI-®8L YFTHM @muuﬁh jyuel o13deg UYITM
‘sToyuey FoTuUI Nuel oT3des VNS punoquinog AsT3sem UT Iederf wnog iy oInbrg

9 aanbtg

g 2anbrd

10




Figures 5 and 6 show. Little or no plunge pool occurred in
Westley SRRA septic ténks, even where a drop inlet was
fitted. 1In the Turlock septic tank inlet manholes, the non-
uniform distribution of scum precluded characterizing scum
thickness with comparable accuracy to that achieved with
more uniform scum at Westley. Few measurements of scum
thickness were made at Turlock, and these are not reported.
But casual observation suggested that scum in septic tanks
serving womens' restrooms at Turlock seemed to be more
copious, and to cdhtain more paper, than for Turlock mens'

restrooms.

Scum Thickness Measuring Equipment: For measurement of scum

thickness a device fabricated from a circular plate (about
10 in. diameter) hinged at the center to a handle (about 10
ft long) was employed, with means for tilting the plate by
manipulation from the handle. Two models of the device that
were used are shown in Figures 7-10. In the earlier model
the plate was tilted by pulling on a rope that was fastened
at each end to opposite points on the diameter of the
circular plate orthogonal to the diametrical axis of the
hinge. The improved model was designed and fabricated by
California Department of Transportation perscnnel., It has
dual parallel handleg, each handle fastened by a hinge to
the plate, with the hinges set parallel and eguidistant from
the center of plate, permitting tilting of the plate by

opposite parallel movement of the handles.

11
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Method of Use of Measuring Egquipment: Figuré"11 shows a
method of use of the imprqved scum thickness measuring
device, involving thg:foilowing steps:

a) Slice the'vertic;l plate through'thé scum mat into the
liquid beiow; workiné éently so as to minimize
disturbance of the scum;

b) Tilt the plate to the horizontal positibn, and raise
the device until ﬁhe plate contacts the underside of
the scum, as detected by resistance to further upward
movement, or for thin scum layers by perceptible
bulging at the exposed upper surface of the scum{

) Read the thickness of the scum by measuring from the
exposed scum surface to the top end of the.héndle, or
by observing a calibration mark on the handle at the
level of the upper surface of the scum;

d) Tilt the plate to the vertical position and retract the
device; and

e) Repeat the thickness measurements until slicing of the
scum by the plate destroys the structure of the scum,
precluding further independent thickness measurements;
generally four scum thickness measurements were
obtained where the scum was sufficiently coherent to
permit measurement. Multiple readings on each
measuring occasion are needed for purposes of

statistical inference.

Sampling Errors: Statistically significant differences’

between scum thickness measurements in manholes at opposite

13
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ends of the inlet compartment of individual septic tanks
were common, indicative of a non-uniform distribution of
scum in the septic tanks. 2As the manholes exposed only
about 10% or less of the scum surface to direct thickness
measurement, sampling errors arose in estimating scum volume
from the measurements. With a view to reducing these
sampling errors by increasing the fraction of the scum
surface sampled, the scum was probed with a rod wrapped with
toweling-type fabric, which when bent to a U-shape might
then be used to probe scuﬁ thickness beyond the manhole.
However, probing the scum with the wrapped rod did not leave
perceptible marks on the fabric at the scum interfaces; in
any case, use of a toweling-covered rod is genefaily
suggested for gauging the tﬁickness of septic tank sludge,
not scum. In the analysis of field data, explicit
consideration of sampling errors associated with the direct
estimation of scum volume was avoided by adcpting
measurements of scum thickness as surrogates for scum volume
measurements. Statistical analyses for evaluating
strategies for scum mitigation from field data were based on
scum thickness in the septic tanks studied, as measured in

the inlet manholes where scum was usually thickest.

Controlled Test Conditions: At Westley SRRAs, scum

thickness in the septic tanks was monitored following dosing
of some tanks with additive, primarily in order to observe
any differences in scum thickness that could be associated

with the use of any of the additives applied. The

15



%onﬁrdlléa variabfés in the test program were considered to

be:

1) Treatment Typé and Level: 1i.e., selection and dose of

additive.

2) Scum Thickness Measurement Technique: Scum thickness
measurements are relative rather than absolute
gquantities, and may depend on factors such as: a)
ﬁeasuriﬂg deéﬁce design, b) opérator, and ¢} scum
consistency. By taking redundant measurements when any
change in proéedures was being implemented, any
differential éffects on thickness measurements were

checked for and minimized.

3) Pulverizationfof Scum: A£ the beginning of each test
run, 'Day O',:additive was applied to each treated
septic tank,,énd the scum was pulverized fto blend in
the additive by vigorous plunging with the thickness
measuring gauge until the scum was reduced to a slurry.
In order to eliminate pulverization as a variable
between treated and untreated tanks, scum was
pulverized in both treated and control tanks on Day 0

of each run, but on no other day of any run.

4) Puddling of Scum and Maintenance Doses of Additive:
During Runs 3 and 4, additive was sometimes applied to
a treated tank other than at the beginning of a run

(i.e., after“bay 0). Such applications were made

16



without pulverizing the scum, but by simply patting the
scum surface with the horizontal plate of the thickness
gauge to moisten applied solid additive or to
aistribute liquid additive, and are referred to as

'maintenance doses' of additive.

Uncontrolled Test Conditions: Certain conditions of testing

at Westley, though not monitored, appeared to vary between

the septic tanks studied, and/or with time over the period

of the study. These parameters and their surmised effects

on conditions of oﬁeration of the septic tanks include the

following:

1)

2)

3)

Waste Load Distribution Between Septic Tanks:

Patronage of the Westley SRRAs was apparently higher in
the southbound direction than the northbound, and in'
each direction patrons preferred the closer of two
available restrooms. Neither restroom patronage nor RV

dump station usage was monitored.

Waste Load Variation With Time: At one time during the
1985 Labor Day weekend approaching 1,000 persons may
have used one of the Westley SRRAs, according to an

anecdote by Caltrans maintenance personnel of fourteen

- 63-seater busses plus other visitors. At other times

there are few visitors or none.

Waste Type Variation: Restroom waste was discharged to

four of the Westley septic tanks, and RV holding tank

17



4)

5)

" waste was received by the other two septic tanks. RV

waste is typically more concentrated than restroom
waste, and contains odor control preservatives that
interfere With biological waste degradation processes.
Besides, if RV waste contains less paper and so is less
prone to formation of paper-based scum than restroom
waste, then the lack of scum in RV dump septic tanks
may help explain any tendency for scum abatement
measures to remove less scum there than in restroom

septic tanks.

Climate: Temperature at the Westley SRRAs varied

during the study, from torrid at the start to frosty at
the end. |

Septic Tank Configurétion: Septic tanks serving the
restrocoms and the RV dumps at the Westley SRRAs are
shown in construction drawings (Appendix I) as 7,500
and 4,500 géllons capacity respectively. Spacings
between the first two manholes were approximately 8 and
16 feet respectively. The septic tanks are believed to
be configuréd substantially according to the
construction drawings in Appendix I. Four of the six
Westley SRRA septic tanks appear to have conventional
tee-inlets, but in the Westley SRRA northbound east and
west septic tanks the inlets have been modified to the
drop style, reportedly for the purpose of reducing
blockage of the inlet by scum that previously caused

blockage of sewers from the restrooms.
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6)

Septic tank.conditions: Malodorous conditions in the
septic tanks prompted taking some pH measurements on
the contents on 10/7/85, since such odors in septic
tanks are sometimes associated with organic acids that
depress pH. The following pH measurements suggest that
the Westley and Turlock septic tanks may have become
'stuck', a condition that tends to inhibit some types

of microbiological activity.

Scum pH Influent pH Effluent pH
Septic tank {inlet (water (cutlet
manhole) supply) manhole)

Westley SRRAs

Southbound west tank 5.7 7.7 8.3
Southbound east tank 5.5 - -
Northbound east tank 6.3 7.5 8.2

Turlock SRRAs

Southbound womens' 6.4 7.4 7.7

Casual information suggests that septic tank scum may
be acidic at several California SRRAs. This situation
may not be surprising, since SRRA septic tank scum
(which appears to be mostly paper) is unlikely to
contain substantial chemical pPH buffering, as needed to
resist a decline in pH into an acidic range
inhospitable to rapid biodegradation of the scum.

Without buffering, septic tank scum is susceptible to a
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pH.dfop cue Eb the mic%bbially—mediated formation of

organic acidéi Tn contrast, healthy wastewater sludge

digesters commonly provide pH buffering due to abundant

ammonium bicarbonate.

Test Plan: Sevéfél‘factors'affected planning and execution

of the study:

1)

2)

Additive Manufacturers' Recommendations:

Recommendations for use of products were determined by

informal contact with representatives of manufacturers

whose producfs were sﬁggested for study by the

California Départment of Transportation, Office of

Structures Design. In this report, the three additive

products studied are designated by the pseudonyms,

Additives 'A', 'B' and 'C'. Designations ‘D', 'E' and

IFI

refer to untreated controls.

Logistical Limitations: These included:

a)

b)

c)

d)

e)

Operational requirements of SRRA maintenance
personnel;

Prior dbmmitmentg of California Department of
Transportation Engineers who accompanied each
visit tb the study sites;

Study Budget and schedule, considering
admihisfrative néeds;

Availability of research personnel; and

Supply and delivery of the additives used.
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3)

4)

5)

Site Selection: No SRRA satisfies all research

desiderata.

S8ite Conditions: Apart from a preliminary site visit,
field work began when sufficient scum had accumulated
ip the septic tanks, following pumping of the tanks

prior to the 1985 Labor Day weekend.

Data Review: The original field program was expanded
based on review of data obtained in the course of the
work, both from the field and from concurrent
laboratory studies described later. The field program
at the Westley SRRAs comprised up to five runs in each
of six septic tanks, with each run initiated by
applying additive to each treated tank and pulverizing
scum in all tanks. The duration of successive runs
generally decreased, as increasing attention was paid

to the more marked effects early in the runs.

Test Data: Tables 1-3 show raw field data for the six

Westley septic tanks monitored, i.e.,'two RV dump tanks, two

nerthbound tanks, and two southbound tanks. For the four

Westley septic tanks with sufficient scum to support study

of scum abatement measures, Figure 12 plots scum thickness

versus time, showing the mean of measurements made in the

inlet and ocutlet manholes of the inlet compartments of those

septic tanks, together with the subdivision of the test into

individual runs.
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‘Additive Applications: In Tables 1-3, Columns 3 and 4 list
the additive applied to each treated tank and the dose in
pounds. Additive was generéiiy app}ied immediately prior to
pulverizing scum éf the beginhiﬁg‘('Day 0') of each run,
indicated by a zeré suffix for thé data set ID code (Column
5). Other additive applications on days for which the
suffix of the data set ID code is non-zero are referred to
as 'maintenance doses‘; these were puddled into the scum
surfacé, rather than pulverizing the scum. In cases where
additives were rotated. between septic tanks, a single septic
tank could have different runs designated by different
letters., For example, consider the southbound west tank
shown in Table 3, Columns 3-2., In this case scum thickness
data for the initial days of sucecessive runs are designated
cl.o, CZ.O, C3.0,'B4.0 and B5.0, indicating a change in
additive from 'C' to 'B' in that septic tark at the
beginning of the.éourth run. Additive was not applied to
treated tanks on all visits, some visits being solely for

the purpose of monitoring scum thickness.

Scum Thickness Data Set Designation: In Tables 1-3, Column

5, most scum thickness meaéurements are designated by a data

set ID code comp;iSing:

.a) A prefix letter correéponding to the additive initially
applied, i.e;, 'A',. 'B' and 'C' for additive-treated
tanks, or 'D%, 'E' and 'F' for tanks not receiving

additive, followed by;
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b) The run number, i.e., 1, 2, 3, 4, or 5, then a decimal
point, and;

c) A suffix stating the number of days from the start of
the run, i.e., 0, 1, 4, 10, 11, 14 or 15.

e.g., data item A3.1 represents scum thickness measuéements

in the septic tank dosed with the third application of

additive 'A' as measured on Day 1, the day after dosing.

Scum thickness measurements that were not subsequently

conmpared between-runs are not assigned data item codes in

Tables 1-3. Thickness measurements were rounded to the

nearest inch.

Estimated Scum Thicknesses: Certain lesser scum thicknesses
in Tables 1-3 are designated 'approx'. This indicates a
value that was estimated because the scum mat was too thin
for use of fhe thickness measuring device, or because the
scum mat disintegrated on attempting to use the device. The
minimum measurable scum thickness of a coherent mat was
about one inch after gaining experience with the device,
although some thicker mats of less cohesive scum
disintegrated before thickness measurements could be
obtained. Estimated scum thicknesses are handled similarly
to measured values in the statisticél analyses, though less
weight is generally attached to estimates because they are
not reported as replicate readings as are most measured

thicknesses in Tables 1-3.
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Iﬁeﬁéctédhébuﬁ.Thiéinéss Daté: For the northbound RV dump
septic tank ('E' series, Table 1) aﬁd the northbound west
tank ('F' series, Table 2), scum in the inlet manholes was
frequently too thin to be measurable with the available
measuring equipment so as not to provide useful éata. The
'E' and 'F' data sets were both for untreated controls;
neither was essential experimentally because another control
was available for all treated tanks, the untreated

southbound east tank ('D' series, Table 3).

Also, only in the inlet manhole of any septic tank was the
scum layer sufficient for studying effects of pulverization
or treatment on scum thickness. Scum was much shallower
even qnly 8 ft or 16 ft beyond the first manhole, as the
'second manhole' scum profiles in Figure 1 show. Only

thickness data fréﬁ the inlet manhole are analyzed in this

report.

Data Analysis andlﬁvaluation: After pulverizing the scumn

and applying any ééditive dose into a septic tank, the ‘
-thickness ‘of ﬁthe scum layer in the inlet manhole decreased.
Scum thickness chénged with time after treatment and varied
between septic tanks. Thefﬁtatistical significance of
changes of scum thickness,'and of differences between these
changes, was investigated by comparing arithmetic mean scum
thickness values: :

a) Scum thickness at various times after pulverizing scum

and applying any additive versus initial thickness of
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scum before pul%érization;

b) Scum thickness at particular times after pulverizing
scum and applying any additive versus thickness of scum
at the éémertime after pulverization in different runs:
i) Under the same conditions (i.e., same additive);
ii) Betweenrdifférent additives; and

iii) Between different septic tanks.

Statistical techniques, i.e., t-testing, analysis of
variance and multiple regression analysis, were used to
compare scum thickness valuesrat different points in time
after pulverization and any dosing, and to compare changes

in scum thickness between the test septic tanks used.

Student's t-test: This test was used to investigate the
statistical significance of differences between the means of
sets of‘scum thickness readings. Consider a thickness
difference calculated from two sets of thickness readings,
with the mean, standard deviation and number of readings in
the first and second set designated W, S; and ng, apd Mo,
Sy and_nz-respectively. To use the t—tésf on the null
hypothesis that the population means of the two sets of
readings are équal {assuming equal population variances),

compute the t-statistic, where:

t = (m - my)/Is(1/n; 4+ 1/n,%"7 ]

in which:

2 _ 1ye 2 e 2 _
8 = [(nl 1)sl + (n2 1)52 1/(nl + 1, 2}
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Now reject the null hypothesis if the absolute magnitude of
t exceeds the qritical single tailed t-value in statistical
tables for the desired significance level and ny + np; - 2

-degrees of freedom.

Statistical Significance: " In subsequent statistical

tabulations:

a) Cases where the null hypothesis (of two equal sets of
values) was not réjected at the 95% level of
significance are designated '-';

b) Cases where differenées were statistically significant
at the795% level are designated '<' or '>' to show a

.decrease or increase respectively from the initial
value of other control value; or

<) '<<" or f>>“?for differences significant at the 99%
level’; or

d) '¢<<' or ‘>>;' for differences significant at the

99.95% level.

Change in Scum Thickness After Pulverizing and Dosing:

Consider the thickness of scum in the inlet manholes of the
test septic tanks at zero time of each run ('Day 0' =
immediately beforé‘pulverizing the scum and applying any
additive), and at various times after. The change in scum
thickness at anyltime is ‘the mean of scum thickness readings
at that time less the mean of scum thickness readings at
'Day 0' £Oor the same septic tank and experimental run. Scum
thickness decreaééd after pu;verization, so thickness
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changes are negative, at least until more scum accumulates

in the septic tank than was present at 'Day 0'.

Scum Thickness Change Data: Table 4 summarizes nineteen
sets of data from Table 1-3 field measurements of scum
thickness at stated times after pulverization and dosing of
the scum, after rejecting data from tanks where the scum was
too thip for accurate measurement. In Table 4, thickness
readings are transformed into changes from the initial scum
thickness by subtracting from all thickness readings the
mean of the 'Day 0' thickness readings for that run. These
scum thickness changes are tested against the null
hypothesis of zero change by comparing each thickness change
with the 'Day 0' thickness change for that run. (The mean
'Day 0' thickness change is zero.) For each of the three
treatments plus the control, for up to five runs, and up to
four observation days on each run, Table 4 lists the

following data:

a) The amount of the change in scum thickness from the
initial thickness, the latter measured on 'Day 0',
immediately before pulverizing the scum and mixing in
any additive;

b) The degrees of freedom for the t-test (to indicate data

set size);

c) Symbolic results of significance testing against the
null hypothesis, e.g., '=-', '<', '>' etc:
d) The additive used, if any; and
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e) The septic tank used.

Additional details of the tests and test results appear in
Tables 5-8, for tests in tanks dosed with Additives 'A', 'B'

and 'C', and for the untreated control respectively.

Homogeneity of Scum Thickness Changes: Proper use of the t-
test and several other statistical tests requires that test
data be normally distributed. Testing of data from
individual runs against the normal distribution was
inconclusive, with few data items in each run. However,
runs in a homogeneous group may be poéled. Table 9 tests
the homogeneity of scum thickness changes among Runs 1-3,
showing that pooling of Runs 1-3 provided data grbups that
were close to being homogeneous, and larger than any

individual group.

Normality of Scum Thickness Data: The Kolmogorov-Smirnov

" goodness-of-fit test may be used to compare distributions of
scum thickness measurements with the normal distribution.
The test involves calculating the cumulative prcobability
distribution of a homogeneous set of observed scum thickness
values, and finding the maximum probability divergence
between this empirical distribution and a normal cumulative
probability distribution with the same mean and standard
deviation. The null hypothesis of normality of the
empirical distribution is rejected if this maximum

probability divergence exceeds the Kolmogorov-Smirnov
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statistic (obtained from statistical tables) corresponding
to the number of data points, and the desired level of

significance of the test.

Normality Test Results: Table 10 shows normality tests on
16 sets of pooled Run 1-3 scum thickness data from Tables 1-
3. The 16 data sets derive from 4 treatments (3 additives
plus control) multiplied by 4 time periods (0, 1, 4 and 10-
15 days). For each data set Table 10 shows:

a) Scum thickness values sorted in decreasing order;

.b) Corresponding standardized deviate, t = {(value minus
mean), divided by the standard deviation;

c) Observed probability of exceedance, p = (order number
of value minus 0.5), divided by the total number of
values;

d) Predicted theoretical probability of exceedance
corresponding to the observed standardized deviate
according to the normai distribution, e.g., for zero
standardized deviate, P(t=0) = 0.5;

e) Observed minus theoretical probability, a parameter
whose absolute magnitude may not exceed the Kolmogorov-
Smirnov statistic in order for the hypothesis of
normality for the distribution of scum thickness not to
be rejected; and

£) The Kolmogorov-Smirnov statistic corresponding to the
number of scum thickness readings comprising the
distribution, and a significance level of 5%. None of

the 16 observed distributions of scum thickness diverge
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10: Tests for Normality

Table of Scum Thickness Change.
Days Scum dosed with additive 'A' Scum dosed with additive 'B'
from -—————— e ———_————_———_————— -
start Scum Std. Exceedance prob. Scum Std. Exceedance prob.
of depth dev- Obs- Pred- Diff- depth dev- Obs- Pred- Diff-
run yin. iate erved icted erence ,in. iate erved icted erence
0 T 1.17 0.05 0,12 -0.07 17 1.60 0.05 0.05 0.00
11 1.17 0.15 0.12 0.03 17 1.60 0.15 0.05 0.10
11 1.17 0.25 0.12 0.13 16 1.03 0.25 0.15 0.10
10 0.64 0.35 0.26 0.09 14 -0.11 0.35 0.55 -0.20
9 0.117 0.45 0.46 -~-0.01 13 -0.69 0.45 0.75 -0.30
8 -0.43 0.55 0.67 -0.12 13 -0.69 0.55 0.75 -0.20
-8 -0.43 0.65 0,67 -0.02 13 -0.69 0.65 0.75 -0.10
7 -0.96 0.75 0.83 ~0.08 13 -0.69% 0.75 0.75 0.00
7 -0.96 0.85 0.83 0.02 13 -0.69 0.85 0.75 0.10
6 -1.49 0.95 0.93 0.02 13 -0.69 0.95 0.75 0.20
Kolmogorov-Smirnov stat=0.41 Kolmogorov-Smirnov stat=0,41
8 2.13 0.05 0.02 0.03 3 1.58 0.08 0.06 0.03
6 0.61 0,15 0,27 -0.12 2 0.00 0.25 0.50 -0.25
6 0.6t 0.25 0,27 -0.02 2 0.00 0.42 0.50 -0.08
6 0.61 0.35 0.27 0.08 2 0.00 0.58 0.50 0.08
5 -0.15 0.45 0.56 -0.11 2 0.00 0.75 0.50 0.25
5 -0.15 0.55 0.56 -0.01 1 -1.58 0.92 0.94 -0.03
4 -0.91 0.65 0.82 -0.17 Kolmogorov-Smirnov stat=0.52
4 -0.91 0.75 0.82 -0.07
4 -0.91 0.85 0.82 0.03
4 -0.91 0.95 0.82 0.13
Kolmogorov-Smirnov stat=0.41
4 8 1.70 0.05 0.05 0.00 10 1.64 0.06 0.05 0.01
7 1.09 0.14 0.14 0.00 7 0.70 0.19 0.24 -0.05
7 1.09 0.23 0.14 0,09 7 0.70 0.31 0.2¢4 0.07
6 0.49 0.32 0.31 0.01 6 0.39 0.44 0.35 0.09
5 -0.11 0.41 .0.54 -0.13 3 -0.55 0.56 0.71 -0.15
5 -0.11 0,50 0.54 -0.04 2 -0.86 0.69 0.81 -0.12
5 -0.11 0.59 0.54 0.05 2 -0.8 0.81 0.81 0.01
4 -0.71 0.68 0.76 -0.08 1 -1.17 0.94 0.88 0.06
4 -0.7t 0.77 0.76 0.01 Kolmogorov-Smirnov stat=0.46
3 -1.31 0.86 0.91 -0.04
3 -1.31 0.95 0.91 0.05
Kolmogorov-Smirnov stat=0.39
10-15 12 1.18 0.04 0.12 -0.08 14 0,93 0.05 0.18 -0.13
' 11 0.78 0.12 0.22 -0.10 13 0.72 0.15 0.24 -0.09
11 0.78 0.19 0.22 -0.02 13 0.72 0.25 0.24 0.01
11 0.78 0.27 0.22 0.05 13 0.72 0.35 0.24 0.1
11 0.78 0.35 0.22 0.13 13 0.72 0.45 0.24 0.21
10 0.39 0.42 0.35 0.08 11 0.31 0.55 0.38 0.17
10 0.39 0.50 0.35 0.15 10 0.10 0.65 0.46 0.19
g 0.00 0.58 0.50 0.08 3 -1.34 0.75 0.91 -0.16
g 0.00 0.65 0.50 0.15 3 -1.34 0.85 0.91 -0.06
8 -0.39 0.73 0.65 0.08 2 -1.54 0.95 0.94 0.01
6 -1.18 0.81 0.88 -0.07 Kolmogorov-Smirnov stat=0.41
5 -1.57 0.88 0,94 -0.06
4 -1.96 0.96 0.88 -0.01

Kolmogorov-S8mirnov stat=0.36
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Table 10: Tests for Normality of Scum Thickness Change (Contd).

Days 8Scum dosed with additive 'C' Scum not dosed with additive

from Scum Std. Exceedance prob. Scum Std. Exceedance prob.

start depth dev- Obs- Pred- Diff- depth dev- Obs-~ Pred- Diff-
of run ,in. iate erved icted erence ,in. iate erved icted erence

0 22 1.67 0,05 0.05 0.00 20 2.28 0.05 0.01 0.03
21 0.91 0.15 0.18 -0.03 15 0.61 0.14 0.27 -0.14
21 0.91 0.2 0.18 0.07 15 0.61 0.23 0.27 -0.04
20 0.15 0.35 0.44 -0.09 14 0.27 0.32 0,39 -0.07
20 0.15 0.45 0.44 0,01 14 0.27 0.417 0.39 0.02
20 0.15 0.55 0.44 0.11 13 -0.06 90.50 0.52 -0.02
19 -0.61 0.65 0.73 -0.08 13 -0.06 0.60 0.52 0.07
19 -0.61 0.75 0.73 0.02 11 -0.73 0.68 0.77 -0.09
18 -1.37 0.85 0,91 -0.06 10 -1.06 0.77 0.86 -0.08
18 -1.37 0.95 0.9 0.04 10 -1.06 0.86 0.86 0.0

Kolmogorov-Smirnov stat=0.41 10 -1.06 0.95 0.86 0.10

Kolmogorov-Smirnov stat=0.39

2.07 0.05 0.02 0.03 15 1.97 0.06 0.02 0.03
1.42 0.14 0.08 0.06 13 1.45 0.17 0.07 0.09
0.77 0.23 0.22 0.01 ~-0.12 0.28 0.55 -0.27
15 0.12 0.32 0.45 -0.13 -0.38 0.39 0.65 -0.26
14 -0.53 0.41 0.70 -0.29 ~0.38 0.50 0.65 -0.15
14 -0.53 0.50 0.70 -0.20 -0.38 0.61 0.65 -0.04
14 -0.53 0.59 0.70 -0.11 -0.64 0.72 0.74 -0,02
14 -0.53 0.68 0.70 -0.02 -0.64 0.83 0.74 0.10
14 -0.53 0.77 0.70 0.07 -0.90 0.94 0.8% 0.13
14 -0.53 0.86 0.70 0.16 EKolmogorov-Smirnov stat=0.43
13 -1.18 0.95 0.88 0.07
Kolmogorov-Smirneov stat=0.39

—_ 3
o ~1 o

= Gy O )

4 18 1.36 0.05 0.09 -0.04 M1 1.09 0.06 0.14 -0.08
17 0.74 0.14 0.23 -0.09 1 1.09 0.17 0.14 0.03
17 0.74 0.23 0.23 0.00 11 1.09 0.28 0.14 0.14
17 0.74 0.32 0.23 0.09 10 0.60 0.39 0.28 0.11
te 0.11 0.41 0.45 -0.05 9 0.1% 0.50 0.46 0.04
16 0.11 0.50 0.45 0.05 7 -0.87 0.61 0.81 -0.20
16 0.11 0.59 0.45 0.14 7 -0.87 0.72 0.81 -0.09
16 0.11 0.68 0.45 0,23 7 -0.87 0.83 0.81 0.03
15 -0.51 0.77 0.70 0.08 6 -1.36 0.94 0.91 0.03

13 -1.76 0.86 0.96 -0.10 Kolmogorov-Smirnov stat=0.43
13 -1.76 0.95 0.96 -0.01
Kolmogorov-Smirnov stat=0.39

10-15 22 1.54 0.04 0.06 -0.02 13 1.62 0.06 0.05 0.00
21 1.16 0.13 0.12 0,00 12 0.76 0.17 0,22 -0.06
21 1.16 0.217 0.12 0.08 12 0.76 0.28 0.22 0.05
20 0.77 0.29 0.22 0.07 12 0.76 0.39 0.22 0.17
19 0.39 0.38 0.35 0.03 11 -0.10 0.50 0.54 -0.04
18 0.00 0.46 0.50 -0.04 10 -0.95 0.61 0.83 -0.22
17 -0.39 0.54 0.65 -0.11 10 -0.95 0.72 0.83 -0.11
17 -0.39 0.63 0.65 -0.03 10 -0¢.95 0.83 0.83 0.00
16 -0.77 0.71 0.78 -0.07 10 -0.95 0.%4 0.83 0.11

16 -0.77 0.79 0.78 0.01 Kolmogorov-Smirnov stat=0.43
15 -1.16 0.88 0.88 0.00 '
T4 -1.54 0.96 0.94 0.02

Rolmogorov-Smirnov stat=0,38
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from the normal distribution by as much as the

Kolmogorov-Smirnbv statistic, so that the hypothesis of
normality of these measurements was not rejected for

any data set.

Differences Betweeﬁ'Scum Thickness Changes: Tables 1-8 show

that:

a)

b)

c)

d}

e)

£

For Runs 1—3';dditivestwere not switched between septic
tanks; |

Thickpess chaﬁges from Runs 1-3 pooled together show
that séum thiékneés decreased significantly on the
first and fou&th days after pulverizing scum and
applying additive to treated tanks, in the three
additive—treated tanks, and in the treated control;

The magnitudexof the early decrease in scum thickness
was greatest in the septlc tank that was fitted with a
drop inlet (northbound east tank), rather than a
conventional tee-inlet as used in the other three test
tanks; (Figuéés 4-6 show the two types of inlet);

Even after additives were rotated among treated septic
tanks to some extent iﬁ Runs 4 and 5, the drop inlet
(northbound east) tank continued to show the greatest
decrease in ééum thickness;

After 10 to 15 days the thickness of scum had generally
rastored to vélues insignificantly different from
before pulve;ization; and

The method of;applying additive as a single dose at the

start of Runs 1 and 2 was varied in Run 3 for Additives
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'A'" and 'B', when these additives were applied as a
series of smaller 'maintenance doses' through the runs.
However, Table 9 shows litle difference in scum
thickness change between Run 3 and Runs 1-2 for
Additive 'A', while for Additive 'B' the differences

are equivocal.

Regression of Scum Thicknesé Change on Additive Chosen and
Septic Tank Used: The preceding observations suggest that
differences in scum thickness change between the test septic
tanks may depend on the selection among the septic tanks,
and not only on the use or choice of additive as perceived
in the original research plan. Effort expended towards
statistical analysis of study data did not succeed in
defining individual effects of additive choice and septic
tank selection on scum thickness change. But a portion of
the data were examined using multiple regression analysis.
Multiple regression analysis can serve to gaﬁge the strength
of a fungtional relationship between a dependent variable
(i.e., the change in scum thic¢kness), and each of a number
of independent variables (viz. additive selection and septic
tank selection). This analysis assﬁmes a linear dependence
of scum thickness change on parameters representing additive

selection and septic tank selection.

To apply regression analysis for this purpose, a dummy
parameter is set up for each independent variable, and

assigned the value zero for one possible value of the
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ﬁindependeﬁt:vafiaﬁie, §£ uﬁity for the other possible value,
only two values being permitted. For this #nalysis, an
arbitrary choice is made to set the.additive selection dummy
variable to 0 for cases where Additive 'C' is used, or to 1
is when Additive 'B' is used. Similarly, the septic tank
dummy variable is arbitrarily set to 0 for the southbéund
west tank, or to 1 for the:norfhbodnd east tank. Use of the
term 'dummy’' merely indicates that these variables serve as
selection indicatofs or nume:ical switches, and are not
measured values like scum thickness decrease, or most other

variables.

The regression anélysis produces a linear functional
expression‘relatiﬁé observations of the c¢hange in scum
thickness to the values of the two dummy variables. For the

problem in hand this expression may be written:
T,;C =adA+bB+c

where C = Daf 1 cﬁ;nge in sbum thickness, A = additive dummy
variable, and B = septic tank dummy variable. That is, the
regression calculates values for the constants a, b and ¢,
which when taken Eagether with the values of 0 or 1 for A
and for B, best ﬁatch the observed scum thickness decrease
values, Considérfe.g., the case with A=0 for the use of
Additive 'C' and E:O for use of the southbound west septic
tank. Then the abové eqﬁation shows that the Day 1 scum

- thickness decrease; C, is best described by C = a(0) + b(0)

+ ¢ = ¢, so that ﬁhe value ¢ is the best {(i.e., least-
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squares) linear estimate of the mean scum thickness decrease
in the southbound west septic tank when Additive 'C' is

used.

Table 11 lists the Day 1 scum thickness change data together
with the 'zero or one' values for the dummy parameters A and
B, that are analyzed by multiple regression. The analysis
yields the strength of the dependence of scum thickness on
each dummy variable (as expressed by the values of the
coefficients a and b), and the component of scum thickness
change that is independent of either dummy variable (the

constant c¢).

With the above notation for the variables the regression

equation was:
C=20.17A + 7.3B + 4.7 + 2.2

showing a standard error in scum thickness change of 2.2 in.

The above regression equation mirrors Table 11 data showing
that variation in scum thickness change values is primarily
associated with variation in the septic tank dummy
parameter, B, with a coefficient of b = 7.3, which exceeds
by more than an order of magnitude the coefficient of a =
0.17 for the additive parameter dummy, A. Thﬁs, the
regression coefficients, a and b, indicate that scum
thickness change is related to the choice of septic tanks

more strongly than to the choice of additives.
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"The relative effects of additive choice and septic choice on
scum thickness change are also indicated by the correlation
coefficients produced by the regression analysis. Partiai
correlation coefficients against scum thickness.changé wéré
0.041 for the additive selection dummy variable, and 0.853
for the éeptic tank selection dummy. With 27 sets of data
in the analysis as listed in Table 11, and three variables
(i.e., scum thickness change, additive dummy and septic tank
dummy ), statistical tables indicate that partial correlation
coefficients are statistically.signific;nt at the 95% level
if their magnitude exceeds 0.396, or at the 99% level for a
value of 0.505 or higher. Thus, the Table 11 decreases in
scum thickness are uncorrelated (<95% significance) with the
selection of additive between 'B' and 'C', but correlated
{(>99%) with the selection between the two septic tanks.
Within the scope of the comparison, additive selection did
not affect scum thickness change, but the selection between
the drop inlet (northbound east) and the tee inlet

(southbound west) septic tanks did.

Reanalysis of Scum Thickness Change Excluding Drop Inlet
-Septic Tank: Of the four Westley SRRA septic tanks included
in the preceding evaluation, only the northbound east septic
tank was fitted with a drop inlet.‘ Having identified the
northbound east (drop inlet) septic tank as perturbating
scum thickness change, it appears reascnable to reanalyze
scum thickness changes after eliminating values obtained

from that tank. Table 12 shows the result of this selective
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analysis for tee-inlet tanks only. The upper part 6f Table
12 shows Day 0 to Day 1 scum thickness changes. In the
lower part of Tabkle 12 t-tests compare these Day 0 to Day 1
scum thickness changes, showing no significant difference at
the 295% level among any of the tanks, the three additive-

treated tee-inlet septic tanks and the untreated tee-inlet

septic tank.

Recapitulation:

The research sought a method to mitigate the accumulation of
scum in septic tanks at SRRAs. The scum appeared tc be
largely paper from the restrooms. In test septic tanks at
the Westley SRRAs the thicknesé of the scum mat decreased
after the scum was pulverized. The decrease in scum mat
thickness was greatest in the test septic tank that was
fitted with a drop inlet, rather than a conventional tee-
inlet for the other test septic tanks. One tee-inlet tank
treated only RV waste from a trailer sanitation station. 1In
the tee-inlet septic tanks, the decreése in scum thickness
on the day after pulﬁerization did not differ between the
untreated contrel tank and any of the three additive-treated
tanks, or between any pair of additive-treated tanks,
according to statistical significance t-testing at the 95%
level. About two weeks after pulverization, the scum mats

had restored to their original thickness.
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LABORATCORY INVESTIGATIONS

Types of Laboratory Experiment: The effect of each of three
additives on the Qolume.of septic tank scum was investigated
in two setsrof"éxperiments, the column experiments and the
batch reactér'experiments. Figure 13 illustrates the
experimental apparatus. In the column experiments, eight
transparent vertical tubular columns were set up, each
containing a layer of septic tank scum floating on
wastewater. Observations were made to evaluate the
progressive decrease of thickness of the scum layer,
apparently dué to disintegration of the scum into the
wastewater below. The batch reactor experiments involved
observing batches of scum in flasks. Partitioning of the
scum into liguid and semi-solid fractions sometimes occurred
to form a pool of leachate beneath, apparently due to

drainage of liquid from pores in the scum.

Scum: Scum used in all experiments was obtained from the
Westley southbound east and west septic tanks. A single
collection of scum (25 gallons, on September 16, 1985) was
used in all experiments, exqept for the first (Series A)
batch reactor tests. The scum was homogenized using a paint
mixer, and larger solid itemsrwere removed, before the scum
was loaded into the experimental process units. The pH of a
sample of scum was initially 5.8, and fell to 4.7 over a

four-week test period.
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Figure 13:  Laboratory Experimental Apparatus.

1) Column. (Left.)

2) Batch Reactor. (Right.)
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Additives: Additives used to treat the scum were the same
as for the field study, designated 'A', 'B' and 'C’,

untreated controls being designated 'D'.

Column Tests:

Arrangements: Two liters of Westley scum was floated on two
liters of Richmond City settled domestic wastewater sealed
in a plexiglass column approximately 2-7/8 in. bore. For
each of the three additives, two columns were randomly
selected from the eight columns available, and two columns
were held as controls, Treated columns were spiked with a
single dose of their assigned additive immediately after
loading scum into.the column, by pouring four grams of the
additive blended into wastewater into a feed pipe which led
to the liquid zone in each column. An outlet pipe draining
wastewater from near the base of each column discharged
outside the column at the ligquid level to be maintained.
Black polyethylene covers protected scum in the columns from
light. Figures 14-17 show the bank of test columns without
and with their polyethylene covers; and the funnel tanks
that delivered wastewater feed into the columns; and a

typical closeup of a scum layer.

Operation: Two-liter doses of Richmond settled wastewater

were introduced approximately weekly to the column at the
feed pipe, allowing an equal volume of ligquid to overflow.
These feedings were intended to provide some substrate and

to help remove deleterious by-products such as organic
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‘écids. Total solids analyses on the fééd and on the
overflow ligquid near the end of the period of operation
showed that the overflow contained more total solids than
the feed, as indicated by the following total solids
analyses (in mg/L) on one set of samples: feed, 370;
aaditive 'A'-treated column effluent, 980 and 510; 'B'-
treated, 640 and 550; 'C'-treated, 820; and control, 810 and
380. The increase in effluent solids is ascribed to
attrition of the scum layer, as the thickness of the scum
layer deqreased rather steadily in each column. Presumably
solid particles tended to sink after they detached from
buoyant gas bubbles. Any such attrition of scum in the
Westley SRRA septic tanks is likely to have been masked by
the higher rate of accretion of the scum layers in the
field. The columns were set up on September 18, 1985, and

operated outdoors for 72 days until November 29.

Results: Table 13 lists data from which scum layer
thickness data were determined, namely the levels of the top
and bottom of the scum, and also of any alr gap that
developed to break the scum layer into sections perhaps on
account of stress induced by feeding the columns. Scum
level readings were méde on a scale of inches increasing
downwards to 60 inches at the base of the columns, As the
scum surfaces were sometimes irregqular or diffuse, readinés

were rounded to the nearest half-inch.
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Table 13: Scum and Sludge Layer Thicknesses in Laboratory Test Columms.

Days from setup 15+ 22

Column 1: Treated with Additive 'B', 4 g/4 L.

Top of scum, in. 20.5 = 19.0
Bottom scum, in. 31.00  29.5
Scum depth, in. 106.5 10.5
Sludge depth,in. - -

Column 2: Untreated Control.
Top of scum, in.” 15.0 14.5
Top air gap, in. —_— —_
Bottom gap, in. - -—
Bottam scum, in. 24.5 23.5
Scum depth, in. 9.5 9.0
Sludge depth,in. - -—

' Colum 3: Treated with Additive 'A', 4 g/4 L.

Top of scum, in, 22.5 16.5
Top air gap, in. - -
Bottom gap, in. -
Bottom scum, in. 33.0. 25.5

Scum depth, in. 10.5: 9.0
Sludge depth,in. -2 —

Column 4: Untreated Control.

" Top of scum, in, 22.5: 16.5

‘Bottom scum, in. 32,5 25.0
Scum depth, in. 10.0:. 8.5
Sludge depth,in. - -

Column 5: Treated with ‘Additive
Top of scum, in. 22.0 39.0-
Bottom scum, in. 32.0 49.0
Scum depth, in. 10.0 - 10.0
Sludge depth,in. - -—

Column 6: Treated with additive
Top of scum, in. 14,5 29.0
Bottcm scum, in. 23.00 37.0
Scum depth, in. 8.5 8.0
Sludge depth,in. - —

Colurn 7: Treated with Additive
Top of scum, in, 15.0° 15.0
Bottom scum, in. 28.0 26.0
Scum depth, in. 13.0° 11.0
Sludge depth,in. - —_

Columm 8: Treated with Additive
Top of scum, in. 22.5 20.0
Bottom scum, in. 30.5 26.0
_ Scum depth, in. 8.0 6.0
Sludge depth,in. — -

- 29 37
19.0 17.0
27.5 24.0
8.5 7.0
15.0 15.5
19.0 19.0
21.0 21.0
25.0 26.0
8.0 8.5

14.5 13.0
17.5 —
18.5 -
- 23.0 20.5
7.5 7.5
10.0 12.0
17.5 19.0
7.5 7.0
'c', 4 g/4 1.
35.0 21.0
41,0 24.0
6.0 3.0
‘o', 4 g/4 L.
30.0 30.5
38.0 38.0
8.0 7.5
'B', 4 g/4 L.
15.0 15.5
25.5 25.0
10.5 9.5
'A', 4 g/4 L.
19.0 16.5
25.0 22.5
6.0

6.0
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Rates of Change of Scum Thickness: Figure 18 plots the
thickness of the scum mat versus time on a log-log scale,
and Table 14 presents the associated regression analyses.
Figure 18 also shows 95% confidence limits for the slope of
each regression line, computed from the Table 14 listing of
the standard error of the regression slopes and their
standard errors. Table 14 further tests the statistical
significance of each slope and the differences between the
slopes, on the log-~log plots of scum thickness versus time
in Figure 18. All slopes differed statistically
significantly from zero (no slope) at the 95% level. Slopes
from the two control columns and from one.each of the three
treated columns did not differ significantly from one
another (Figure 18, Frames A, B, D, F and H). However,
these five slopes (from two control columns and one each of
the treated columns) were significantly flatter than the
other three slopes (Figure 18, Frames C, E and G). According
to probability theory, if five 'flat' and three 'steep'
slopes were randeomly distributed over all eight columns, the
probability of at least one 'steep' slope in the two raﬁdom
selections for the control columns is (3/8) + (5/8) x (3/7)

= 64%, so the chance of no 'steep' slopes in two random

control columns is 100% - 64% = 36%. Thus, the occurrence
of 'steep' slopes only in the treated columns is not in
itself statistically remarkable, under a null hypothesis of
a random distribution of ‘'flat' and 'steep' slopes among all

of the columns.
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'Sluage Forﬁatloné:iAlso shS&n in Table 13 are a few
measurements of the thickness of a layer of sludge that
developed in the cblumns, evidently mostly from scum that
sank., In one column the entire floating scum mat sank
during operation of the columns. The reason for sinking of
scum is suggested by batch reactor experimental results
(described shortly), that showed the density of scum to vary
closely about the-aensity of water. Rest area septic tank
scum is a loose conglomerate of water and solids, probably
with bubbles of gae from digestion of solids in the septic
tank. Scum may owe the buoyancy that accounts for its
existence to the emall, loosely bound gas fraction, which
when liberated frem a solid particle, may allow the partiele

to sink and become sludge.

Statistical Significance of Treatment by Additive: Another

approach was taken to identifying any effect of additive on
the slope of the plot of scum thickness versus time. This
involved the use of multiple regression analysis of scum
thickness versus time data'for each additive, and adding a
dummy variable to indicate the presence or absence of the
additive by 1 or 0 values for the dummy variable
respectively. Use of the dﬁmmy variable permitted including
data from columns:treated with that additive together with
data from untreated control columns, thereby providing for
evaluation of the effect of treatment by the statistical
significance of the dummy wvariable. Scum thickness data

were normalized bj'dividing each thickness measurement by
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the initial (Day 15) value of thickness measurements for
that column, so the regression would take in account only
differences in slope between the plotted lines and not
differences in ordinate. With generally 8 data points of
scum thickness vs. time, and 2 columns per additive together
with 2 control columns in each énalysis, 32 data points were
obtained. Table 15 lists partial correlation coefficients

obtained.

Table 15: Coefficients of Partial Correlation Between
Log-Transformed Normalized Scum Thickness,

Log-Transformed Time, and the Additive Dummy Variable.

Partial correlation of Partial
log-transformed Degrees correlation
normalized of coefficient that
Additive scum thickness with freedom 1is significant at
Log- Additive 95% 99%
transformed dummy level level
time variable2
(1) (2) : (3) (4) (5) (6)
Al -0.866 . -0.335 28 0.361 0.463
'B' -0.858 -0.262 28 0.361 0.463
'c’ -0.461 -0.203 25 0.381 0.487

a Assigned to 1 or 0 for presence or absence of additive,

In no case was the additive dummy wvariable sign;ficantly
correlated with scum thickness. Statistical evidence is
lacking to reject the null hypothesis that the slope of the
logarithmic plot of scum thickness versus time does not
differ significantly between the pair of control Eolumns and

any of the three pairs of additive-treated columns.
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Batch Tests:

Metheods: One—half;liter batches of scum, some spiked with a
known dose of additive, and others untreated as controls,
were held in bath reactors, namely 500 milliliter
Erlenmeyer flasks: Various measurements were made,
including the extent to which liquid drained from the scum
over a period of dbservatiqn. These measurements were
compared between 5dditive—tfeated and untreated controls,
and also between éifferent doses of each additive. Also,
during the experiments the ‘reactors were periodically
photographed to dqgument the progression of visible changes,

with typical photographs appearing as Figure 19,

Series A Batch Tegis: These reactors.were filled with scum
collected on an earlier ocdasion than for scum used in the
column tests or the Series B and C batch tests.
Quadruplicafe untfeated control reactors were filled, and
duplicate treated reactors spiked with additives 'A', 'B'
and 'C' at concentrations of.0.01, 0.1 and 1 grams per liter
(g/L). The filled reactors were held outdoors for five
days, during which time the contents remained essentially
unchanged. As airesult of discussions in which it was
suggested that thé batch reactors shopld better be cperated

in the dark, Series A batch tests were terminated.

- Unlimed (Series B} Batch Tests: This series was conducted

concurrently with Series C. Forty reactors were loaded with
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6.5 liter;'of'scﬁ£i four uritreated controls, and three
gquadruplicate treated sets dosed with 0.1, 1 or 10 g/L of
additive 'a', 'B' or 'C'. Operation of the experiment
involved holding ﬁhe reactors for 28 days in a dark chamber
out of doors, and;photographiné and weighing the reactors
periodically.

After about a weekfscum inrsome of the reactors expanded,
apparently due tofpfoductiéﬁ of gas from the scum, then
water drained fro@:the‘scum tb‘form a pool of leachate in
each reactor. Attthe end qf the test, measurements were
made of the volume of liquid thaf could be poured from each
reactor, andlthe volume of?residual scum. From these
volumes, together with weiéhings of the reactors, the
density of the residual scum was calculated, assuming unit

density for the liquid fraction.

Results: In Figure 20, histogram plots of scum paste
volumes, ligquid vdlumes and;scum densities are shown, with
each bar of the histogram éhowing results from quadruplicate
reactors. Each Qrbup of four bars shows data from one of
the three additives investigated, at dosages of 0, 0.1, 1
and 10 g/L (0, 0.01, 0.1 and 1 % by weight). Table 16 lists
experimental dataf with pafameter statistics and results of
statistical t-tests on differences between the means of

_ various parameter”values. In view of the objective of the
study t§ reduce the volume of scum, primary interest focuses

on‘minimizing the volume of residual scum, that averaged 52%
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of the original volume of scum, with a relative standard
deviation of 6%. In general, residual scum volume and
liquid volume varied little with additive dose (including
the zero dose contreol) at the 95% level of statistical
significance. However, with Additive 'A' at a dose of 0.1
g/L, residual scum volume was only 85% of that in the
control reactor. Also, residual scum densities were fairly
constant, although with Additive ‘'A' at 10 g/L, or with 'B'
at all dosages, the scum density was significantly higher
than in the control. Thus the relatively sensitive batch -
reactor experiments provide some evidence of interaction
between scum and additive. Also, Figure 20 shows a loss in
volume of liquid plus residual scum from the original volume
of scum, possibly due to elimination of gas voids initially
present. However, no initial weighings were made that might

otherwise explain the volume loss.

Limed (Series C) Batch Tests: The pH of the scum was first

adjusted from 5.8 to 8.4 by the addition of slaked lime.
Thirty reactors were loaded with 0.5 liters of scum, three
control reactors and three triplicate sets dosed with 0.1, 1
and 10 g/L of with additive 'A', 'B' or 'C'. Operation of
the experiment involved holding the reactors for 28 days in
a dark chamber out of doors, and photographing and weighing

the reactors periodically. The final pH in a control

reactor was 6.4.

67



Resultsfﬁ Figure ngand Taﬁie 17 present Series C
experimental data in a manner similar to that for Series B
data. Limed scum did not form a drainage pool as had
unlimed scum, but was apparently almost unchanged through
the experiments. The volume of residual limed scum averaged
92% of the original volume of scum (compared to 52% for
unlimed scum), with a relative standard deviation of 5%.
Limed scum did not form a drainage pool because it tended to
be denser than water, with a mean unit weight of 1.01 g/L,
compared to 0.96 g/L for unlimed scum. A little liquid
generally formed on the surface of limed scum. (If liming

of scum were practical in the field, scum might be sunk and

eliminated.)

But apart from the effect of liming, the effects of
additives on Series C reactors was minor. With Additive 'A’
at 0.1 g/L, or 'B;fat 10 g/L, or 'C' at 1 g/L, the volume of
scum paste was higher than for the control, but with 'C' at
10 g/L it was lower. Additive-treated scum tended to be
slightly less dense than the control, but not statistically
significantly. Tﬁese observations are tentative and may be

spurious.

Recapitulation:

Two sets of.laboratory experiments were designed to define
how any of the thrée additives examined affected the volume
- of septic tank scum initially placed in the experimental

laboratory process units., These process units were referred
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to as the columns and the batch reactors. Scum used in the
process units was obtained from the Westley southbound SRRA
east and west septic tanks. Additive-treated process units
were dosed with one of three additives at various dosages,

while untreated process units served as controls.

For the column laboratory experiments, several process units
were set up, each containing a layer of scum floating on
domestic wastewater. The rate of decrease of thickness of
each mat as it disintégrated into the wastewater was
determined, and these rates were compared between process
units. No significant difference was found between the
rates of decrease of thickness of scum matsrtreated with any
of the three additives and the rates in the untreated

control process units.

In the batch reactor laboratory experiments, measurements
were made of scum density, and of volume changes as water
was allowed to drain from the scum by gravity. These
experiments were conducted on scum as received, and also on
scum that had been limed to counteract acidity (pH 5.8).
During four-week tests, the volume of unlimed scum decreased
by an average of 48% of the original volume, compared to 8%
for limed scum., Unlimed scum remained generally lighter
than water, but limed séum was heavier and would have sunk.
The relatively sensitive batch reéctor experiments provided
some evidence of interaction between scum and additive that

had not been cbserved in field or column studies.
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Figure
Figure
Figure
Figure
Figure
Figure

Figure

APPENDIX I

Westley and Turlock SRRA Waste Disposal Systems

Construction Drawings (Reduced)

Westley Northbound SRRA Sewage Disposal System.
Westley Southbound SRRA Sewage Disposal System.
Turlock Northbound SRRA Sewage Disposal System.
Turlock Southbound SRRA Sewage Disposal System.
Westley SRRAs Sewage Disposal System Septic Tanks.
SRRA Sewage Disposal System Details, Septichanks.

Precast Concrete Septic Tank Battery.
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