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A DETERMINATION OF THE HOURLY AND DAILY SEWAGE FLOW

h RATES IN FLORIDA PUBLIC SCHOOLS WAS MADE TO IDENTIFY THE FLOW
CHARACTERISTICS AND TO PROVIDE A MORE PRECISE BASIS FOR THE
CSTABLISHMENT OF DESIGN CRITERIA FOR SEWAGE DISFOSAL
FACILITIES IN SCHOOLS. WATER FLOW DATA WAS COLLECTED FOR 158
SCHOOLS AND SEWAGE FLOW DATA FROM 42 SCHOOLS. THE FINDINGS
SHOWED THAT DESIGN CRITERIA IN USE IN MANY STATES ARE
EXCESSIVE. THE FOLLOWING CRITERIA WERE RECOMMENDED--(1)
SCHOOLS WITH CAFETERIAS SHOULD DESIGN SEWAGE FACILITIES FOR A
DAILY FLOW RATE OF 9.5 GALLONS FOR 100 PERCENT ATTENDENCE,
(2) SCHOOLS WITH CAFETERIAS AND SHOWER FACILITIES SHOULD
DESIGN SEWAGE FACILITIES FOR A DAILY FLOW RATE OF 11.5

| GALLONS FOR 400 FERCENT ATTENDANCE. A BIBLIOGRAFHY IS
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A COMPREHENSIVE STUDY OF HOURLY AND DAILY SEWAGE FLOW RATES

IN FLORIDA PUBLIC SCHOOLS é

f by M.E.Reeder* and W.J.Fogarty? ' ¥

r INTRODUCTION

The per pupil per day and hourly flow rates of sewage 3
from public schools are the bases for establishing the de-
sign criteria governing the construction of individual ¥
; " school treatment facilities, the service fees to be charged é;

schools by privately owned sewerage utilities, and load fac- 3
tors incurred in municipal treatment plants due to new '3
school construction. The accurate quantification of these '3

flow rates is vital for the safe, economical and equitable g
control of public health relative to schools. ¥

;

A survey, conducted by the Florida State Board of ;
Health in 1958, showed a wide variation in the recommended ,
! sewage flow rates used as a basis for sewerage design in {
E public schools among the 43 state boards of health respond- F
| ing to their questionnaire. A summary of the range of val- 3
ues reported is shown in figure 1. ;

IN PUBLIC SCHOOLS OF 43 STATES

&
E Figure 1 - SUMMARY OF RECOMMENDED DESIGN SEWAGE FLOW RATES
i
l

gallons per capita day

| .

Classrooms | Classrooms plus
E Clagziooms plus cafeteria and
: Y cafeteria gymnasium
E Minimum reported 3 10 12
E Maximum reported 20 25 ' 40
E Mean , 12 .16 20

: From a review of the literature it appears that, his-
s torically, the various standards for sewage flow in schools

* Professor of Civil Engineering, University of Miami
+ Assistant Professor of Civil Engineering, University of
Miami, Coral Gables, Florida
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have been established as direct functions of water consump-
tion with little or no regard for leaks. lawn watering or
other water uses not contributing to sewage flow. These fac-
tors are erratic in their occurance and extent, and their ef-
fects make uncontrolled water consumption a questionable, if
conservative, estimate cf sewage flow.

The purpose of this research was to accurately deter-
mine the sewage flow rates in Florida publiic schools and to
identify the characteristics of these flows to provide a
more precise basis for the establishment of the criteria gov-
erning sewerage design for schools.

The preferred basis for sewerage design criteria is the
direct measurement of sewage flow, however, the means to ac-
complish this economically have not been a%ailable until re-
cent years. The rapid expansion of metropolitan areas has
resulted in schools being established in suburbia beyond the

- range of existing sewerage systems. Where septic tanks were

inadequate to handle the sewage flow from these gchools, col-
lection wells were provided from which the sewage was pumped
periodically to individual treatment facilities or through
force mains to adjacent sewer lines. These collection wells,
‘when instrumented with a liquid level sensing device, provide
a simple but accurate means of measuring sewage flow.

A preliminary survey showed that there were many schools
in the state served by collection wells, but they were insuf-
ficient in number to adequately reflect the overall charac-
teristics of the state school system. 1In order to insure an
adequate sample size for this research, it was decided to
measure "controlled" water input at all schools tested and to
measure simultaneously the corresponding sewage output at a
subset of this group where sewage collection wells were pro-
vided. Based on these simultaneously recorded data a correl-
ation factor was determined to convert the recorded "control-
led" water input data to equivalent sewage output.

Idealy, controlled water input may be defined as that
water input contributing solely to sewage flow. The mechan-~
isms and effectiveness of this control are discussed in the
sections entitled "Testing Procedures” and "Errors in Data
Collection".

The justification of using controlled water input as a
measure of sewage output was born out by subsequent statis-
tical analyses of the test data which indicated a correla-
tion of 98.9 percent. Statistically this infers that 97.8
percent of the variability in sewage flow is a function of
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the controlled water input. This indicates that controlled
water input, as affected in this study, is in fact, an ex-
cellent measure of sewage flow.
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Adjunct to the study of sewage flow rates, strength char- R
acteristic determinations were made of sewage samples from a ;
subset of schools tested in the immediate vicinity of State A
Board of Health and University of Miami laboratories. These
chemical analyses included Biochemical Oxygen Demand, grease
and solids determinations. The testing procedures and re-
sults of this phase of the study are discilssed in the sec- .4
tion entitled "Chemical Characteristics". 5

SAMPLE SELECTION %

In corder to establish an overall profile of the identi-
fiable characteristics of the public school system of the
state, and to facilitate the selection of a representative
sample of these schools, all county school systems were sur-
veyed by questionnaire to determine for each school:

l. Enrollment

2. Grade levels

3. Location

4. Race

5. Date of construction

6. If served by cafeteria and/or shower facilities

7. If water system was metered and number of meters

8. If served by a central sewage collection well
from which sewage wag pumped periodically to a
separate treatment facility or adjacent sewer
line

Repliee were received from 1667 scrhools comprising some
95 percent of the schools in the state. From these replies,
a list was formed of schools having metered water service and
constructed during the previous 7 years. Only schoolsg having
1l or 2 meters were listed so as not to require a disproportion-~
ate number of water recording devices. The age limitation was
imposed to reflect only the current practice of student/plumb-
ing fixture ratios and the use of modern kitchen and dishwash-
ing equipment.

Schools to be tested for water input data were selected
from this list. In so far as possible within the limitations
imposed by the measuring and recording techniques and the op-
timization of the itinerary of the field crew, schools were
selected with due regard for enrollment, grade level, race and
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Figure 2 -~ COMPARSION OF DISTRIBUTION OF SCHOOI, ENROLIMENTS
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location distributions. As the effect of showers on sewage
flow was a parameter of major concern, schools with and with-
out shower facilities were selected in equal number.

A subset of this sample group, having the additional re-
quirement of schools with central sewage collection wells, was
established to facilitate the correlation study of simultane-
ously recorded water input versus sewage output.

During the period of data collection the list of test
schools was continuously adjusted to take advantage of new
scnools not included ia the original questionnaire and to re-
prlace those schools where testing was invalidated for various
reasons.

REPRESENTATIVENESS OF SAMPLE

During the 12 months of data collection, 5,480,000 gal-
lons of water were metered for 743,000 student days and 1,590,
000 gallons of sewage were metered for 221,000 student days.
In all, 158 schools were tested for water flow data and 42
schools for sewage flow data for an average of 5 days at each
school. These two groups of schools tested represent 9.0 and
2.4 percent of the pubiic schools in the state, respectively.

The effectiveness of the sample selected in reflecting
the characteristics of the state school system with respect
to enrollment, grade level and race is shown in figures 2
through 4.

This study was conducted in 11 of the 67 counties of the
state, representing 3 geographical sections, south-east, mid-~
west, and north, each containing a major population center,
Miami, Tampa-St. Petersburg and Jacksonville. These 11 coun-
ties have 54.3 percent of the schools and 63.9 percent of the
student population of the state. The distribution of days of
recorded data in each of the three geographic sections is com-
pared with the student populations of these sections in fig-
ure 5.

INSTRUMENTATION

The volume of water input was measured by the existing
commercial water meter(s) serving each school. The meters en-
countered were of various manufacture, but were generally of
two basic types; the disc or displacement type used to meas-
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Figure 3 - COMPARISON OF DISTRIBUTION OF DAYS OF RECORDED
DATA AND STATE ENROLIMENTS BY GRADE GROUPING

[ Water Data | _ Sewage Data ,ﬂﬂ
% of | % of % of state
Grade Group Dagit:fl total in iDa§:t°f' total in | total in ,
- tthis group! this group|this group
1-6 404 | 55.9% | 99 | 47.8% 59.1%
7-9 203 28.2 56 27.0 25.2
| 10-12 | 115 ! 15.9 . 52 | 25.1 | 15.7
___Total | 722 l 100. 0 j 207 100.0 | 100 0

Figure 4 - COMPARISON OF DISTRIBUTION OF DAYS OF RECORDED
DATA AND STATE ENROLIMENTS BY RACE

o ”'”mﬁwééérmbéﬁé;::,};_"éé&é&é”bééa ]
[ % of % of % of state
Race Dag:tgf; total in ,Daér:tc;f total in | total in
'this group. |this group, this group
Negro 154 . 21.3% | 46 22.2% 21.0%
White 568 78.7 : lel 77 .8 79.0
Total | 722 , 100.0 | 207 | 100.0 | 100.0 |

Figure 5 - COMPARISON OF DISTRIBUTION OF DAYS OF RECORDED DATA
AND STUDENT ENROLLMENTS BY GEOGRAPHIC LOCATION

i
B ! Days of datab} % of total ] % of total
Geographic: County days of data enrollment of |
' Section | tested " by by |recorded in '3 sections in’
? ] County |Section|this section‘ this section
South~East |Dade + 252 430 56% : 44% :
i Broward 127 : :
! iPalm Beach ;| 51 , 5
| Mid-West |sarasota 37 | 243 32 i 32 ;
; Manatee 25 '
| Pinellas 99 , |
jHillsborough! 53 |
Polk .29 |
North |Escambia | 30 92 12 | 24
‘Leon i 31 !
B Duval ' 31 !
g Total 765 | 765 | 100 | 100
Notes: a - 1960-61 tabulation by Fla. State Dept. of Ed.
b - Days of recorded water and sewage data combined

EKC

Aruitoxt provided by Eic:




- e
T,

ure low and intermediate flcws, and the impeller or current
type for high flows.

Typical performance curves for new meters indicate cal-
ibration errors of *1.0 percent for all but very low flows.
Wwith continued use other factors may cause over or under-reg-
igstration of the meter. Two important causes of these errors
are excessive wear .nd degosit build-up occuring with most
waters. Wear is normzlly 2 function of time and speed of op-
eration and results in under-registration. Deposit build-up
causes over-registration but accordina to the American Water
Works Association Standards this error is limited and generally
can not exceed +3.0 percent. These two types of errors are
acrumulative and tend to cancel, however, with time the error
dae to wear exceeds that due to deposits resulting in progresgs-
1ve under-registration.

Due to varying conditions, the magnitudes of these under-
registration errors were numerically indeterminate, however,
they were assumed to be small for two reasons. First, the
meters were relatively new and in good condition and second,
they were found to have been conservatively sized for the
flow rates encountered and over-speeding did not occur.

Water flow was recorded on a commercially available cir-
cular chart recorder that attached to the water meter in
place of the totalizing register. The mechanism was a simple
gear train operating a stylus that indicated water volume
radially on a circular chart of pressure sensitive paper.

The chart was rotated by a clock mechanism so that the re-
sulting plot was an accumulation curve of water volume versus
time. Where conditions did not permit installation of the
recorder, water volume was determined by periodic reading of
the totalizing register.

K The level of sewage in the collection well was deter-

s mined by a pressure sensing device that measured the head of

‘ sewage above a reference point ia the well and recorded this
information continuously on a strip chart. The total cali-
bration error of all components of this system was set at

1.5 percent by the manufacturer and period calibration checks
of the device showed that it was a very stable system. A
schematic diagram of this sewage level sensor and recorder is
shown in figure 6.

compressed air was pumped into the system at a constant
rate, causing air to bubble out of the submerged end of the
tube (reference point). As the collection well filled, the
head of sewage above the reference point increased causing a
corresponding increase in the pressure in the tube. As this

ERIC
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change in pressure was insufficient to activate the stylus

_ mechanism, the pressure signal was magnified by the signal

. amplifier. This amplified pressure increase caused the bel-
lows to expand, moving the pen end of the stylus to the left.

B This motion of the pen combined with the time actuation of

‘ the strip chart plotted an accumulation curve of sewage level

versus time. The sewage level was readily converted to sew-
age volume by multiplying by the cross sectional area of the
well at any given installation.

Figure 6 - SCHEMATIC DIAGRAM OF SEWAGE LEVEL SENSOR AND

RECORDER
' compressed
ailr input
regqulator signal bellows
amplifier
- ™
| | 1w{ <S5 stylus
‘%ﬁgzggf-*. o~ l accumulation-?i Z{
.} : Lead of curve of sew- [
. . sewage age vs. time r
,\:’; ; .. . __L I'Ef. pto time
J't.%.‘ +“- (-3 -
£ sewage
‘ | level
T W, N
) collection strip
well : chart

B The accumulatiocn curve as plotted was segmented period-
« ically due to pump down of the collection well. These pump-
o ing pericds were relatively short in duration, however, dur-
N ing data analysis the indicated accumulated volume was ad-
justed by graphical extrapolation to include the normal sew-
age flow into the well during the time of pump down.

~o TESTING PROCEDURE

Prior to the start of testing in a county the field rep-
resentative met with his liaison, appointed to assist him by ;
the county school superintendent. Together they reviewed the ]
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selection of schools to be tested; adding to the list any
new schools recently constructed and deleting other schools
where difficulties in the operation of the water oi sewage
systems were known to exist. A physical reconnaissance of
each school selected was then made to determine the adapt-
ability of the water meter and/or the sewage pumping system
tu the installation of the flow monitoring equipment.

The standard procedure followed at each school is
listed below:

1. At each school the principal was assessed >f the
purposed and procedures of ti= study. He was given a
tabulation form and requested to report the actual
attendance, meal and shower count at his school for
each day of the five day test period.

2. With the consent of the principal, the custodial
personnel were instructed not to water lawns, wash
windows or otherwise use water that did not return to
the school sewer system.

3. Water input data was recorded in either of two
ways: (a) Continuous monitoring by a recording device
attached to the existing water meter (s) serving each
school. Or where conditions did not permit this method,
by {b) visual reading of the totalizing register twice
each day, prior to and following normal school hours.

4. At those schools having a central sewage collection
well, sewage output data was recorded simultaneously
with water input. The sewage flow recorder was
installed and operated as discussed previously in the
section entitled "Instrumentation".

5. fThe dimensions of the collection well were

determined from the "as built" plans and verified in
the field.

ERRORS IN DATA COLLECTION

The over-all test system for this research is shown
schematically in figure 7. It can be seen that by its very
nature it is not a closed system. However, by imposing
certain controls and adjustments the conditions of a closed
system can be simulated.
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Fiqure 7 - SCHEMATIC DIAGRAM OF A TYPICAL SCHOOL WATER~SEWAGE
SYSTEM

r—,___—._._-—===-

waterg water sewag sewage

I
el
water sewage | E:$>
; distribution" collection-_L—-—

|
input| meter meter | output

The major sources of divergence from the ideal closed

system and the compensating controls and adjustments imposed
are as follows:

l. Ieaks in the water distribution system;
As this system was pressurized these leaks resulted in
water loss (exfiltration). Where excessive night flow
indicated leakage and the volume could be accurately
determined, the daily water flow was adjusted accord-
ingly. When accurate determination was impossible the
data were abandoned. Minor leakage through various
shutoff and flush valves was not adjusted as this was
considered contributory to normal sewage flow.

2. ILawn watering, window or patio washing and other use of
water (by custodial personnel) not returning to the school
gewer system:;

This use of water was specifically suspended during the
period of testing at each school by consent of the
principal.

3. Water consumed and sewage contributed by students:
It may logically be assumed that the effects of this
item, extended over an entire school day and the total
school population would be minor and tend to be self
crnceling.

10




4. Leaks in the sewage collection system;
All identifiable leaks in the sewer lines resulted in
sewage gain (infiltration). The major source of these
leaks was rainwater runoff into manholes. Due to the
non-unlformlty of this inflow, adjustment was usually
impossible and the data were abandoned. Other minor
leaks were also assumed to be infiltration as the major
portion of the testing was conducted in coastal areas
and the attendant high water table would tend to negat
exflltratlon in a gravity system.

5. Back flow through sewage lift pumps;
Back flow resulted from sporadic failure of the check
valve on the pressure side of the pump to close follow-
ing pump down. However, this condition was readily
identifiable on the recorded sewage flow charts. Due
to the non-uniformity of this back flow, adjustment was
impossible and these data were abandoned.

The degree to which these controls, assumptions and ad-
justments are valid determine to a large extent the total er-
ror incurred in this study. Quantification of these errrors
would be, at best, highly subjectlve however, qualitatively
it is significant that at any given installation each of these
errors has an accumulative positive or negative effect.

Other sourses of error encountered in the total system are
of a counting and measuring nature. These include: instru-
mental errors in the water meter and sewage level recorder;
errors in visual reading of the totalizing register and chart
interpretation; errors in counting attendance, number of
meals served and students showering; and errors in determining
the dimensions of the sewage collection well.

Generally it can be said that counting and measuring er-
rors are of a random nature, are relatively small, may be ei-
ther positive or negative and, in sufficient num.zr, tend to
be self canceling. During data collection concerted efforts
were directed towards minimizing instrumental error and the
occurance of mistakes. The sewage level recorders were cal-
ibrated periodically. Schools constructed within the previous
seven years were selected for testing so that water meters
were relatively new and accurate. Data was continually re-
checked to the field and compared during analysis as a con-
.tinuous check for mistakes. For these reasons it may be as~
sumed that the counting and measuring errors incurred during
this study were of a random nature.

11
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The significant sources of both accumulative and random
errors for water and sewage data are listed in figure 8 in the
order of decreasing magnitude and with the appropriate sign(s).

Figure 8 - ACCUMULATIVE AND RANDOM ERRORS INCURRED IN DATA

COLLECTION
Source of Error Sign
Water Data
l. Leaks (exfiltration) ‘ +
2. Meter error -
3. Attendance, shower and meal count + Oor -
4. Reading of meter or chart interpretation + or -
Sewage Data
l. Leaks (infiltration) +
2. Backflow through pumps +
3. Attendance, shower and meal count + or -
4., WVell dimensions + or -
5. Instrumental error and chart interpretation| + or -

Accepting the applicability of figure 8, not necessarily
to discrete data, but rather to the average of these data, it
may be concluded that, whereas, the magnitude of the total
error is indeterminate, its effect will be to cause the aver-
ages of these data to be conservative estimates of the para-
meters measured.

ANALYTICAL PROCEDURE

The analyses of the mass of data recorded during this
study were performed on an IBM 7040 computer using standard
statistical techniques. The order in which these analyses
were conducted is as follows:

1. The correlation factor between water input and sew~
age output was determined.

2. Using this correlation factcr, all recorded water
flow data were converted to equivalent sewage flow. This
equivalent sewage flow data was combined with the actual
recorded sewage flow data to establish the statistic pop-
ulation upon which all further analyses were based.

12




3. The effect of t.le percentage of students eating meals
prepared in the school cafeteria on sewage flow was de-

termined.

4. Using the factor determined in 3 above, all data from
schools without shower facilities were adjusted to 100
percent of students eating cafeteria prepared meals.

5. The effect of the percentage of students showering on
sewage flow was determined.

6. Using the factors determined in 3 and 5 above, all
data from schools with shower facilities were adjusted to
100 percent of students eating cafeteria prepared meals
and 100 percent of students showering.

7. It was determined if sewage flow was significantly af-
fected by variations in population, economic status, race,
geographic location, type of cafeteria, day of the week,
and month of the year.

8. The hourly rates of equivalent sewage flow were deter-
mined using only those schools having continuously record-
ed water input data.

9. The histograms and corresponding accumulation curves
of hourly sewage flows were plotted for a typical 24 hour
day.

10. The accumulation curves of maximum continuous sewage
£low rates for consecutive hours were plotted for periods
of 1 to 24 hours.

11. All significant sewage flow rates were reported as
mean values plus two standard deviations, thereby sta-
tistically inferring, for normally distributed data, val-
ues that would not be exceeded 97.5 percent of the time.

RESULTS

In the course of this study the following parameters of
the rate of sewage flow were considered:

13




Day of the week

Geographic location

Season of the year

Economic status

Race

Type of cafeteria facility

Enrollment

Percent of students eating cafeteria prepared meals
Percent of students showering

WO pHpWNO =

The comparative effects of the first six parameters on
the average rate of sewage flow in gallons per capita day are
shown in figures 9a and 9b. For purposes of these comparisons,
all data were adjusted to 100 percent of students eating meals
and 0 percent of students showering. In this way the effects
of varying percentages of student meals and showers from school
to school were minimized. These comparisons were based on 765
pieces of data recorded throughout the state with the exception
of the seasonal comparisons. As Dade County was the only lo-
cation where data were recorded during all three seasons, only
these data were used for seasonal comparisons so as to elim-
inate geographic effects. Socio-economic data relative to in-
dividual school neighborhoods were not found to be available.
For this reason, the comparison by economic status is based on
the relative economic rank assigned each school neighborhood
by the study field representative.

Study of figures 9a and %b shows that day of the week,
geographic location, season of the year, economic status, race
and type of cafeteria have little or no significant effect on
the average rate of sewage flow. For this reason further sta-
tistical analyses of these parameters were not deemed necessary.

Whereas, enrollment was initially considered to be a par-
ameter of major concern, subsequent statistical analysis in-
dicated that the effect of enrollment on the rate of sewage
flow per capita day, was not significantly different than zero.
Reference is made to figures 20 and 21 of the appendix, where-
in, the gallons of sewage flow per capita day are plotted
against enrollment. It can be seen that the straight line of
best fit for these data is essentially horizontal, indicating
that enrollment has little or no significant influence on the
mean rate of sewage flow.

The range of effects on the gallons of sewage flow per
capita day due to the percentages of students eating mealis and
showering are indicated by the slopes of the three lines shown
on each of figures 16 and 17 of the appendix. The slope of
the middle line xepresents the average gallons of sewage pro-
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Figure 9a ~ THE COMPARATIVE EFFECTS OF VARIOUS PARAMETERS ON
THE RATE OF SEWAGE FLOW
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* For purposes of comparison all schools were adjusted to 100%
of students eating meals and 0% of students showering.

15

o S e e - O LOSN HOUIO U OO SOV U o - - - - ————r -




Figure 9b - THE COMPARATIVE EFFECTS OF VARIOUS PARAMETERS ON
THE RATE OF SEWAGE FLOW
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* For purposes of comparison all schools were adjusted to 100%
of students eating meals and 0% of students showering.
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duced by one student-meal and by one student-shower. The
slopes of the other two lines represent the limits between
which these values fall statistically 95 percent of the time.
These effects are summarizad in figure 10.

Figure 10 - GALLONS OF SEWAGE PRODUCED PER STUDENT-MEAL AND
PER STUDENT-SHOWER

- gals. of sewage
produced per
student meal

gals. of sewage
produced per
student shower

Mean value 0.47 1.51
Mean + 2 std. dev. 1.00 2.18

* minus sign indicates that 2 std. dev. exceeu :the mean

™o basic categories of schools were considered in this
study; First, schools with cafeteria but without shower fa-
cilities, and secondly, schools with both cafeteria and show-
er facilities. Daily and hourly flow rates were analyzed
statistically for schools in each of these categories. A
condensation of the results of the analysis of daily flow
rates is shown in tabular form in figure 1ll. The results of
the analysis of hourly flow rates are presented graphically
in figures 12 and 13. Figure 12 shows the accumulation curves
of hourly flows in the chrcnological order of their occurance,
whereas, figure 13 shows the accumulation of maximum contin-
uous hourly flows in the 3elected order of decreasing magni-
tude.

Figure 11 - A CONDENSATION OF THE RESULTS OF THE STATISTICAL
ANALYSES OF DAILY SEWAGE FLOW RATES

schools with cafeteria
without with )
showers showers
Mean value (gpcd) 5.82 7.58
Mean + 2 std. dev. (gpcd) 9.16 11.32
No. of days of data 425 340
No. of days flow exceeded line 2 21 15
% of time line 2 not exceeded 95.1 95.6

1 adjusted to 100% meals served
2 adjusted to 100% meals served and

17
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ACCUMULATION OF MAXIMUM CONTINUOUS SEWAGE FLOW - Fiqure 13
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CHEMICAL CHARACTERISTICS

In order to further .identify the characteristics of sew-
age flow unique to Florida public schools, sewace samples
from 17 schools, for an average of 5 days at each school,
were chemically analyzed for Biochemical Oxygen Demand, grease
and solids contents. To insure the organic integrity of the
sewage tested, sampling was limited to those schools in close
proximity of Florida State Board of Health and University of
Miami laboratories in Escambia, Leon, Duval and Dade Counties.

Several grab samples were combined to form a daily com-
posite sample for each school. These samples were chemically
analyzed in accordance with the 1llth edition of "Standard
Methods for Examination of Water and Waste Water". The means
ot the five daily values of BOD, grease content and volatile
sclids content were assumed to describe the sewage strength
characteristics for each school. These mean velues were sta-
tistically analyzed and the results are presented in the fol-
lowing table.

. o . —_ —_—
g B.0O.D. Grease Vgiizé;e
L_ ‘pounds per capita day

|  Mean value 0.0214 0.0089 0.0322
| 2 std. dev. *0.0216 +t0.0072 +t0.0353
[f N= 17 14 16

The mean value of B.0.D. found in this study was .021
pounds per capita per school day. Assuming the school day
to be an average of 7 hours duration, the adjusted mean
value of B.0.D. expressed in pounds per capita pger 24 hour
day would be .072. This is significantly less than the
general range of values (.17 to .24) recommended by various
authorities as design means for municipal sewage.

Because of the smallness of the sample size utilized
(85 days of data) in relation to the wide variation of the
values of daily samples, no recommendations of design cri-
teria for sewage strength characteristics are made. However,
the need for further study is clearly indicated.
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RECOMMENDATIONS

Based on the results of this research the following
criteria governing sewerage design for Florida public
schools are recommended: .

DAILY SEWAGE FLOW RATE 1

Cafeteria . :
Cafeteria + S -
Showers N
I gallons per capita day 9.5 11. 5 1 B
CONTINUOUS HOURLY SEWAGE FLOW RATE }
. Cafeteria 1
colimion of | caeteria . |
Showers 1 3
gallons per capita
1 hour 2.0 2.2
2 3.7 3.9
3 5.2 5.3 .
4 6.5 6.8 .
5 7.6 8.2
6 8.4 9.2
7 8.9 9.8
8 9.1 10.3
9 9.3 10.7
10 9.4 10.9
11 9.4 11.1
12 9.4 11.1 "
18 9.5 11.4
24 9.5 11. &
The above values are based on 100 percent of students ,
eating meals and 100 percent of students showering. When- ¥
. ever cafeteria or shower facilities are provided for the SR
(3 general enrollment the above values should be used. Where

physical conditions are known to exist which will increase :
or decrease the actual 100 percent use of these facilities i
(i.e. parent cafeteria preparing meals for other schools, 9
or combined elementary and junior high school where only

21
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;t the junior high students are authorized to shower) the fol-
- lowing adjustment factors are recommended:
- Meals Showers
- For each student in excess of

: 100% of enrollment, ADD +1.0 gal +2.2 gal
* For each student less than

i 100% of enrollment, SUBTRACT 0.0 -0.7

. |
' i
/ |

i
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APPENDIX

The results of ithe various statistical analyses perform-
ed in this study are presented as distributions and curves in
figures 14 through 23 of this appendix. The distribution
plots are print-outs of the IBM 7040 computer and, as such,
are digitized representations of these data. For this reason
many pieces of data appear to plot at the same address. To
facilitate the interpretation of these distributions the fol-
lowing symbols were used to indicate the number of pieces of
data plotted at any given point:

Number of
pieces of data 0123456783
0 * 23456789
10 ABCDEFGHTIJ
20 KLMNOPQRST
30 UVWXYZ + + + +
40 + 4+ 4+ +++++++

Generally, in interpreting the following curves, a heavy
solid line represents the curve of best fit passing through
the X and Y mean as indicated by a small circle. Two light
solid lines passing through the X and Y mean indicate % 2
standard errors in the slope of the line of best fit.

The following abbreviations were used in preparing the
various figures in this appendix:

gal : gallons
gpch : gallons per capita hour
gpcd ¢ gallons per capita day

std dev: standard deviation

DISCUSSION

Figure 14 is a plot of the gallons of sewage output |
resulting from the simultaneously measured gallons of water ,
input at 37 schools for a total of 152 days. The validity !
of using water input as a measure of sewage output, as af- |

|

fected in this study, is clearly indicated by the excellent
correlation of 98.9 percent. The slope of the best fitting
straight line for these data (.869) represents the mean

value of the sewage-water ratio used to convert measured b
water input to equivalent sewage output. i
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Fiqure 15 shows that the sewage-water ratio determined
above is not significantly affected by variations in student
population. This is demonstrated by the straight line of
best fit approximating zero slope and further amplified by
the poor correlation of 12.3 percent.

Figure 16 shows the effect, of the percent of students
eating meals, on the daily rate of sewage flow in gallons per
capita. Note that the percentage of students eating meals
may exceed 100 percent of the enrollment in the case of par-
ent cafeterias preparing meals for other schools. The ver-
tical projection of the straight line of best fit between 0
and 100 percent of student eating meals (0.47) represents
the gallons of sewage produced per student-meal. This fac-
tor was used to adjust all data to 100 percent of students
eating meals.

Figure 17 shows the effect, of the percent of students
showering, on the daily rate of sewage flow in gallons per
capita. Note that the percentage of students showering may
exceed 100 percent of the enrollment due to after-school
athletic activities. The vertical projection of the straight
line of best fit between 0 and 100 percent of students show-
ering (1.51) represents the gallons of sewage produced per
student-shower. This factor was used to adjust all data for
schools with shower facilities to 0 or 100 percent of stu-
dents showering.

Figures 18 and 19 show the effects of student popula-
tion on the total daily sewage flow in gallons for schools
with and without shower facilities. 1In both cases the cor-
relation of 88.1 indicates that 77.6 percent of the vari-
ability in total sewage flow is a function of student pop-
ulation.

Figqure 20 shows the distribution of 765 pieces of data
representing the sewage flow in gallons per capita day at
142 schools. These data were recorded at 80 schools with-
out shower facilities and 62 schools with shower facilities
wherein the data were adjusted to 0 percent of students
showering. All data were adjusted to 100 percent of stu-
dents eating meals. The mean of these data plus two stand-
ard deviations equals 9.50 gallons of sewage produced per
student day. Of the 765 pieces of data, this value was not
exceeded 96.1 percent of the time. It is also of interest
that the gallons o sewage flow per student day is not sig-
nificantly affected by variations in student population as
evidenced by a correlation factor of 1.9 percent.
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Fiqure 21 shows the distribution of 340 pieces of data
representing the sewage flow in gallons per capita day from
62 schools with shower facilities adjusted to 100 percent of
students showering and 100 percent of students eating meals.
The mean of these data plus two standard deviations equals
11.30 gallons of sewage produced per student day. Of the 340
pieces of data, this value was not exceeded 95.6 percent of
the time. It is also of interest that the gallons of sewage
flow per student day is not affected by variations in student
population as evidenced by a correlation of 1.3 percent.

Figure 22 shows the histogram of hourly sewage flows
per capita for the 24 hour periods of 190 days of data at
42 schools. These data were recorded at schools without

shower facilities and were adjusted to 100 per of the students
eating meals.

Figure 23 shows the histogram of hourly sewage flows
per capita for the 24 hour periods of 84 days of data at 19
schools. These data were recorded at schools with shower
facilities and were adjusted to 100 percent of students show-
ering and 100 percent of students eating meals.
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