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ABSTRACT

During the course of this work, the most important variables
influencing the performance of vacuum filters were studied for
the particular case of dewatering the primary and digested
sludges from the Barceloneta Regional Wastewater Treatment Plant.

Jar tests were performed to determiﬁe the optimum coagulant
requirements for both types of sludge. Buchner funnel tests were
used to measure their specific resistances at an applied vacuum
of fifteen inches of mercury. The specific resistance fof the
digested sludge was found to be significantly higher than for the
primary sludge.

A model was developed, based on Darcy’s law, to correlate the
loading to a vacuum filter with operational parameters such as
applied pressure, solids deposited per unit volume of filtrate,
and form time., Other parameters included in the model were the
viscosity of the filtrate and the specific resistance of the
sludge.

Experimental data were obtained through filter leaf tests to
evaluate the empirical parameters of the model. The experimental
results were correlated using a non-linear multiple regression
program. A statistical analysis of the regression results led us
to conclude that the model developed was a satisfactory represen-
tation of the behavior of a vacuum filter and, therefore, could
be used for the design of a full-scale facility for the dewater-

ing of the sludges from the Barceloneta Regional Treatment Plant.



Some preliminary results were obtained on dewatering primary
and digested sludge using a batch centrifuge. Primary sludge

seemed to be easier to dewater by this method than digested

sludge.
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INTRODUCTION

The +treatment and handling of wastewater from industrial
plants and of municipal use constitutes in the present a serious
problem which, with time, becomes more difficult and complex.
Strict arrangements and legal norms exist which impose conditions.
on the levels of diécharge. These come from local agencies as

well as from the Federal Government such as the National System
for the Elimination of Polluting Discharges, which controls the
levels of emission permissible from plants whose effluents
discharge to surface waters; - USEPA, by means of the act of 1977
(PL 95-217) Section 405, which specifies the use and disposition
of the solids; the Resource Conservation and Recuperation Act
(RCRA) of 1976 (PL 94-580); the Hazardous Substances Control Act
of 1976 (PL 94-469), which authorizes the examination of the
results of production of industries, concerning selected chemical
substances, by the USEPA; and the National Environmental Policy
Act of 1976 which authorizes the Federal Government to take
action in order to protect the environment. As these
arrangements and norms become more strict the problems for
designers and plant operators become more difficult since high
levels of treatment result in the generation of large quantities
of solids complicating its management and final disgosition.
Inasmuch, the solid treatment system will not only process bigger
quantities of material but it will have to be more effective.

Solids which are not trapped will be recirculated to the



wastewater treatment system with the problem that they may
degrade the quality of the effluent, frustrating many purposes of
the law. These limitations make the treatment and handling of
solids more important, difficult and expensive.

This sombre panorama is motivating more investigators from
institutions in charge of looking after the salubrity and qualitf
of the environment and from universities to find, in the near
future, more effective and realistic alternatives in order to be
able to control the problem.

As part of an eXxtensive research project formulated by the
Chemical Engineering Department of the University of Puerto Rice
(Mayagliez Campus), the following work provides technical
information of the primary and digested sludges from the
Barceloneta Regional Treatment Plant which may serve as basis for
the design of a new filtration system or for optimizing a system
which is presently operating, and for the study of the method of
incineration as an alternative for the disposition of solids. In
the present, the plant in Barceloneta discharges its effluent to
the sea and the solids are disposed of in the areas surrounding

the plant in a program of experimental forestation.



OBJECTIVES

The first objective of this work was to select the polymers
(chemical conditioners) that will flocculate the primary and
digested sludges from the Barceloneta Regional Treatment Plant
and establish the optimum dose of the polymer which will offer
the best filtration characteristics for both types of sludges.

The second objective was to determine the specific
resistance of the primary and digested sludges from the
Barceloneta Regional Treatment Plant wusing the Buchner funnel
method for the laboratory tests and, with the results, compare
the filtration characteristics of both sludges.

The third objective was to develope a model, based on
Darcy's Law, to relate the solid loading to a vacuum filter with
operational parameters such as applied pressure, mass of solid
per unit volume of filtrate and form time for the primary and
digested sludges from the Barceloneta Regional Wastewater
Treatment Plant (BRWTP) using the filter 1leaf method for the

laboratory tests.



PREVIOUS WORK

The theoretical development of the filtration of residual
sludges is based on Darcy’s(1) equation for flow through a porous
medium. Starting from this fundamental equation, Gale(2} derived
the classic eguation for sludge filtration.

Karr and Keinath(?) summed up the most important factors
that affect the dewatering characteristics of the sludge. Some
of the factors mentioned were <cellulose content, pH, particle
load, organic content, filtrate viscosity, alkalinity, solid
concentration, nitrogen content, chemical conditioning, mixing,
compressibility factor, mechanical force of the particles,
porosity, bioclogical degradation and particle size. They
concluded that the factor which affects the most these
characteristics is the particle size.

The Carman-Kozeny(1)-(68) equation, in which the filtrate
flow 1is influenced by the size of +the particle through the
specific superficial area term, served as theoretical support for
this hypothesis. Lapple!7) confirmed- that, of all the physical
properties of a suspension, the pafticle size is the
characteristic which affects more notably its behavior. Bargman,
et al.t8) concluded that particle size is one of the variables
which affects the most the dewatering of digested sludges. They
compared numerous sludges obtained from different treatment
plants in California and demonstrated that the yvield of vacuum

filters could be related to the percent of the particles of the



sludge that passed through a sieve N° 200. Coackley and Allos(9)
fractioned samples of sludge in various size intervals and found
that the resistance to filtration increased as the particle size
was reduced.

The digestion process affects the particle size distribution
of the sludge. Previous work on the effects of digestion on the
dewatering characteristics of sludge present a confusing image.
Brooks, et al,.(10) demonstrated that the sludge digested
anaerobically had a lower specific resistance than the activated
sludge or mixtures of activated and primary sludge. A manual of
the United States Environmental. Protection Agency (USEPA) (11)
affirms that the anaerobic digestion of primary sludge improves
its dewatering characteristics. Haug, et al.(12) and Kini and
Nayak(13) reached similar conclusions. Lawler, et al.(14)

concluded that the process of anaerobic digestion, when operating

correctly, removes preferably small particles improving the
dewatering properties of the sludge. On the other hand, other
authors such as Pearson and Buswell(15), Morris(16) and Kar and

Keinath{3) affirm that resistance to filtration of the sludge
increases with anaerobic digestion.

The development of the dewatering technology of sludge in
full scale has progressed more as an art than as a science(17),
The filters are chosen and designed based on past expefiences.
Environmental regulations, which are more strict everytime,

require a final product appropriate for compost or incineration.



There exists relatively little data appropriate for the design of
equipment in full scale. Sludges which are apparently similar,
exhibit very dissimilar dewatering characteristics, complicating
the problem even more. Therefore, each new installation requires
specific tests on samples of the sludge to be processed. Many
recent efforts have been directed toward the use of experimental
data of specific resistances (or related parameters) in order to
predict resulfs in full scale.

Mininni, et al.(18) developed a model that predicts the flow
of filtrate and concentration of the cake in a filter press based
on the characteristics of the sludge (including specific
resistance) and on operational and equipment design variables.
Pietila and Joubert¢(!?) used a multiple regression analysis to
relate the vyield of a filter press with variables such as
coagulant requirements, initial solid concentration, filtration
time and specific resistance of the sludge.

During the last three years, investigators in Engineering of
the University of Puerto Rico have dedicated their efforts in
defining the most adequate alternative for the handling of the
sludge from the BRWTP. This, not only because the disposition of
the sludge generates a problem in the environment but because the
available terrain is being restricted. Because of what has

formerly been exposed and the existing norms coming from agencies



controlling the environment, the identification of a handling
process for these solids in a more acceptable manner has become
imperative.

Morell and Benitez(20) used rice harvest residues to compost
the sludge from Barceloneta. The nutrients content of the
product was evaluated on soils specially prepared for ornamental
plants. They also tested the lime dosage required to stabilize
the sludge, demonstrating that it is feasible.

Diaz(?1) studied anaercbic digestion with mixtures of
digested sludge from the BRWTP and the beer yeast remnants of a
nearby pharmaceutical plant. She established reaction kinetics
using & continuous reactor with adequate agitation varying the
retention time for different sludge mixture proportions.

Maldonado (22} performed experiments on soil columns in order
to determine the percolation of heavy metals on sludge under the
effects of rain. He considered different types of typic soils of
Puerto Rico varying soil to sludge proportions at different water
proportions attaining an important comprehension of the soil-
sludge cation interaction.

Rodriguez{23) studied the anaerobic digestion of ©both
primary and digested sludge from +the plant 1in Barceloneta.
Presently, these sludges are only partially stabilized by means

of aerobic digestion previous to final disposition.



THEORY

Vacuum filtration is a process used for the separation of
solids from wastewater in which the liquid phase is removed by
applying a vacuum through a porous medium that will retain the
solids., The filtering medium may be cloth, nylon, dacron or a
steel mesh.

Thé compatibility of the solids separation process with the
final disposition technique is shown in Table 1.

In vacuum filtration operations, a rotating c¢ylinder passes
through a tank that contains the sludge. The solids are retained
in the cylinder to which vacuum is applied. The immersion of the
cylinder in the tank that contains the sludge may vary from 10 to
60%. During this period the solids are retained in the filtering
medium and the water is removed by filtration. This filtering
period is known as the form time. Afterwards, the cylinder
emerges from the tank and the solids deposited on it are dried by
the suction which follows when vacuum is applied, this period is
called drying time. During the last period, the cake deposited
on the cylinder is removed by scraping with a knife to a conveyor
for its final disposition. The filtering medium is washed before
renewing the cycle by means of a spray. A vacuum filtration
operation is shown in Figure 1. .

The variables that affect the separation process of solids
are: the initial <c¢oncentration of solids, viscosity of the

sludge and the filtrate which is generally the same as that of

8



TABLE 1. DEWATERING PROCESS COMPATIBILITY WITH SUBSECUENT
TREATMENT OR LWLTIMATE DISPOSAL TECHNIBUES

Dewatering Process Incineration Compost Agricultural Landfi1li
Lot
Applicatian

Basket Centrifuge X X
Solid Bowl Centrifuge X X X X
Belt Filter Press X X X X
Vacuum Filter X X X X
Filter Press X X X X
Drying Beds X X X
Sludges Lagoons X X X
From: "Sludge Dewatering." Manual of Practice N°® 20, Water
Pallution Control Federation, Washington, D.C., 1983



cake
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Figure 1

Rotary Vacuum Filter
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water at similar temperatures, the compressibility of the sludge
which depends on the nature of the particles present in it, the
physical and chemical composition including size and form of the
particles and the water content of the sludge.

The operation variables of the filter are: the vacuum
applied, wusually varies between 10 to 20 inches of mercury;
cylinder immersion which varies from 10 to 60% (high porosity
sludges require more immersion time); the conditioning of the
sludge (many sludges require the addition of coagulants such as
lime, polyelectrolytes or ferric chlorides) in order to trap
small particles and obtain a better texture of the cake; the
porosity and type of the filtering medium {(a high porosity medium
may bring as a result a high filtration velocity}.

Conditioners are chemical agents added to the water or
wastewater in order to flocculate the colloidal and suspended
solids.,

There are two types of sludge conditioners: physical such
as diatomaceous earth, caustic soda and ashes and chemical such
as metallic polyvalent ions and polymers.

The required dose of conditioner 1is determined by the
characteristics of the sludge (pH, alkalinity, concentration of
polyvalent cations and ionic force, concentration of suspended
solids, superficial load and particle size).

The basic filtration eguation originates from Darcy’s law,

derived for fluid motion through a porous medium.

11



Darcy (1) related the volumetric flow to the energy lost, medium
length and hydraulic conductivity. Equation (1) is an

expression of Darcy'’s law:

K.A (h:. - he)

o
n

(1
1 }

where: volumetric flow

L]

Q
K permeability

A= ﬁrea

1 = thickness

hi, hz = liquid heights

Another form of Darcy’s equation for an incompressible fluid

is:

av P RK

EZ = ; I_ (2]
where: Q%= volumetric flow

P = pressure difference

U= viscosity

The resistance, R, is defined as: R=%, then:

av P 1
— - — [3]
at » 1R

The effect of resistance on filtration depends on the

resistance of the filtering medium and the ceake.

av P A

— =

dt  yu (1R + Rm)

(4]

where Ru is the resistance of the filtering medium.

12



The volume of the take is expressed as lA=vV, where v is the
cake volume per unit volume of filtrate, and V is total volume of

filtrate. Substituting for 1 in equation (4}:

dav PAZ2

= [5]
dat p{vVR + Rmhi)

Poiseville modified Darcy’s equation in terms of dry weight,
€, instead of cake volume, and the resistance per unit weight, r,

- instead of per unit volume:

dv PA2

—_ = . el
dt plexrV + RmA)

where: c¢= weight of solids per unit volume of filtrate,

=
H

specific resistance of the cake.

Integrating equation (6) and re-arranging:

t nre nRm
- - Vot — [7]
Vv 2PAZ PA :

A plot of L vs V should be a straight line with slope equal
v

to -XIE. and interc “Rm ini
5 ept equal to_—_—, Defining the slope of the
2PA PA
line as b.
nre
b = , (8)
2PAZ

Therefore, the specific resistance of the cake is:

2PA2Db

r = {9]
ne

13



The specific resistance 1is primarily used to compare
filtration characteristics of different sludges, and to determine
the optimum coagulant dose for a particular sludge. The Buchner
funnel test is used to generate data hecessary to determine
specific resistance.

The analysis and design of full-scale filtration processes
of compressible sludges is based on a modification of Parcy’s law
for whiéh the specific resistance and filtration velocity are
functions of the pressure gradient through the cake. Tenney (24)
proposed the following relation between specific resistance and

applied pressure:

I = TP® Tenney(z“l [(10]
where: ro = specific resistance for an applied pressure of
1ll Hg|
s = compressibility coefficient.

Substituting in Darcy’s law, for small Ra(2%):

dv PAZ

- T T [11)
dt pere pPev

Integrating during the form time of the cake, tg:

cV 2ptr—o> ¥

1
(o

where L is the solids loading, mass of solids removed Pper unit

filter area per unit time.

14



Eguations (12) may be expressed as:
cP(l—E) 1'5

L = K [___. [13)
‘IJ.ROtf

where L is given in 1b/ft?2 - hr; P in inches of Hg, c in %,
R®° = re x 10-% cm/g, tf in minutes, in g/cm.s, and K is a
proportionality constant.

The amount of solids removed per unit volume of filtrate is

determined by:
1 :
c = - [14)
((100-Ci)/Ci - (100-Cf)/Cf)

where: Ci

initial sludge solids concentration, %,

Ct

solids concentration in the cake, %.
A modification of equation {(13) is wused to predict

filtration performance for irregular solid particles:

P‘ 1~ H cm
L =K [ —_—— ] [ ] [15]
nRo ty

Once the polymer dose has been established, filter leaf

tests may be used to obtain data for the evaluation of the
empirical coefficients s, m, n, and ro. These coefficients are

specific for each sludge.

15



EXPERIMENTAL WORK

The tests on vacuum filtration done in the laboratory were
used to evaluate the sludge conditioner (polymer} wusing jar
tests, the specific resistance was determined using the Buchner
Funnel method and then, the design parameters were determined
using the filter leaf method. Some preliminary results were also
obtainéd for sludge dewatering through centrifugation.

A, Jar tests

The standard jar test was modified for the poiymer
evaluation tests, for the Buchner Funnel tests and for the filter
leaf tests. The equipment used is shown in Figure 2.

The polymer evaluation tests were done with 200 ml. samples
of both primary and digested sludges 15 ml. of the polymer were
added to each sample (initial dose recommended by Calgon). They
were stirred for 30 sec. at 100 rpm, then they were stirred
slowly for 20 min. at 10 rpm. If flocculation of the samples had
not been obtained (in some cases flocculation was reached within
the first 5 to 10 ml.) more polymer was added, in 5 ml. aliguots,
until the samples of both primary and digested sludges had
flocculated. Otherwise, the polymer would be discarded. By
means of the jar tests 18 polymers were tested and 6 were

selected.

16



velocity regulator

velocity meter

/ ceares

axis

- paddles

[ beakers
{ 1 base

Figure 2 Jar Test Assembly

17




B. Buchner Funnel tests

Buchner Funnel tests were used to establish the suggested
polymer dose and to determine the specific resistance of the
primary and digested sludge.

To establish the optimum polymer dose, the modified jar test
described in part A was used with each of the 6 selected
polymers. Each of these polymers were added in different
quantities to the primary and digested sludges to be mixed and
flocculated with the jar test. Later, duplicate samples of both
sludges were filtered at a vacuum pressure of 15 in. of Hg
(typical operation pressure for ~vacuum filters) in a Buchner
Funnel such as the one shown in Figure 3 measuring in each case
the time for 25, 50, 75, 100, 125 and 150 ml. of filtrate volume.
This way, the filtration velocity for each polymer dose was
determined. If 50 ml. of filtrate in 30 sec, or 150 ml., in 3
min. were not obtained the experiment was stopped and the polymer
dose was changed until satisfactory results were obtained.

The tests for the determination of the specific resistance
of primary and digested sludges from thg BRWTP were done using
the jar test described in part A. Duplicate samples of both

sludgdes were filtered in accordance to the procedure for the

polymer test,

C. Filter Leaf Test

Filter leaf tests were used to determine the coefficients

m, n, s, and Ro of equation (15) relating the solid load to the

18
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form time, te¢, the solid concentration, ¢, and the pressure, P.
Sufficient tests were done to evaluate the mentioned parameters
for a specific sludge at a given pressure, form time, and drying
time, trying to duplicate operation conditions for full scale
filters, using equipment such as the one shown in Figure 4,

The samples were filtered using the EIMCO POPR-859 leaf,
following the recommendation of the manufacturers of the polymers
used. .“To each of the seven 2,000 ml. samples of primary and
digested sludge were added 150 ml. of polymer (suggested dose) in
order to mix and flocculate them by means of the Jjar test. The
filter leaf was submerged in the sample already flocculated
during the selected form time at a determined vacuum Pressure.
Once the form time had elapsed the filter with the deposited
solids was removed and placed in a vertical position in order to
dry the sample for 1 min. at the initial vacuum pressure. The
cake formed was scraped off completely with a spatula to
determine the solid load and the final solid percent. This same
procedure was followed at different vacuum pressures and form
time for the primary and digested sludges from the BRWTP.

D. Centrifugation

Samples of both primary and digested sludges were

centrifuged in 50 ml test tubes using a laboratory centrifuge.

The samples were processed at different combinations of speed

20
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(RPM’s) and retention time. At the end, the wvolume of

supernatant was recorded, and a sample of it analyzed for total

solids content.

22



EXPERIMENTAL RESULTS

I. Evaluation of the sludge conditioner (polymers)

By means of the modified jar test, 18 polymers were tested.
The.polymers to be selected had to flocculate both primary and
digested slﬁdges. The quality of the flocculation could be
appraised easily in a visual way and 6 polymers were selected.
The results are shown in tables A.l.and A.2. Tests on polymer
quantity and filtration quality for all 6 polymers were effected
by means of the modified jar test and the Buchner funnel method.
It was established that the CALGON WT-2640 polymer at a dose of
15 ml. per 200 mls of sludge gave the best results for both
primary and digested sludges.

II. Specific resistance of primary and digested sludge.

For each run of the Buchner funnel test, duplicate data was
collected of volume of filtrate and time for the primary and
digested sludges. These data are found in tables B.1 and B.2
respectively.

With the data from each table a plot of t/v vs. v was
Plotted; an example is shown in Figure 5 for the primary sludge
and in Figure 6 for the digested sludge.

The slope of the line is equal to the term b of equation 8.
For the primary sludge in the example the value of b was found to

be 0.00147 with a correlation coefficient of 0.983321.

23
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Buchner Funnel Test, Digested Sludge
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The specific conditions for the tests were:

filter paper area 104.6 cm?

applied vacuum 15 in. Hg

initial and final concentrations, Ci and Cf, for the primary
and digested sludges are found in Table B.3.

Equation 14 was used to determine the amount of solid

deposited per unit volume of filtrate, c. In the example this

value was found to be 5.2332%

Finally, the specific resistances, r, for the primary and

digested sludges were determined. These are found in Tables B.4

and B.5, respectively.

IIT.

Filter Leaf Tests:
A. Experimental results for solid loading

1. The data obtained by the filter leaf method are
tabulated in tables C.1 and C.2 for the primary and
digested sludges, respectively.

2. With the results for the primary and digested
sludges the following grafical correlations were
made:

a. Solid load vs. form time (Figures 7 and 8).
The slope of this line gives the value of the
coefficient n of equation 15. For the case

shown in Figure 7, n = 0.66.

26
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log filter loading (Lb/sq ft-hr)

Filter Leaf Test, Digested Sludge
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b. Solid load vs. initial concentration of solid
(Figures 9 & 10}). The slope of this line gives
the value of m. of equation 15. For the case
in Figure 9, m = 1.5.

€. Solid load vs. vacuum pressure (figures 11 &
12). 1In this case the slope of the line gives
the value of the term (1-5)/2 of equation 15.
For the case in Figure 11 this was found to be
0.66,

3. These values served as a basis for the non-linear
regression.

Non-linear regression results for solid load.

The equation used to relate the solid load with the

applied pressure, form time and the amount of solid

deposited per wunit volume of filtrate was derived in

the theory, equation 15. A non-linear regression

program (LS) developed in the University of

Wisconsin(2?5) was used in order to evaluate the

parameters for the proposed model which is of the

form |

L = PAR(1) x PPAR(2) x CPAR(3)/{ PAR(4)

where:
PAR(1) = K/(uRo)}/2
PAR(2) = (1 - s)/2
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PAR(3)

m

PAR(4) n
To obtain a preliminary estimate of the parameters
required for the program, the experimental data were
plotted as mentioned in part A.
The results obtained for the best estimates of the
parameters by minimizing the sum of squares of errors
are shown in Table 2,

IV. Centrifugation

The data obtained for centrifugation of the primary and

digested sludges are tabulated in Table G.1.
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TABLE 2. RESULTS OF NOMN LIMNEAR REGRESEION
FOR THE FILTER LOADING

FParameters Primary Sludge Digested Sludge
Parameter(l) = 3.340432 3.033051
Ro = 2.050000 2.4B0000
Parameter(2) = 0.498%13 0.6795B66
5 = 0.00e2173 0.351733
FParameter(3) = 0.825328487 0.981164
m = 0.B25267 0.981168
Parameter (4} = 0.340485 0.417281
n = C.340485 0.417281

Where: Parameter(l) = Ky/(pRa) , FParameter(2) = (l-s)/2
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DISCUSSION OF RESULTS

As the polymers were evaluated is was noticed that the
behavior of the primary and digested sludges varies considerably
for each type of polymer, although the majority of the polymers
used were cationic, the flocculation of the samples did not show
the same agglomeration. The polymer CALGON WT-2640 was thé
polymgr which best flocculated the samples of both primary and
digested sludges in a quantity of approximately 15 ml. per
200 ml. of sludge. It is important to point out: that
flocculation was not always achieved with the suggested dose
since the samples varied, even from one day to another. A
polymer excess, in some cases, degraded the flocculation.

Filtration results using the Buchner Funnel method suggest
that the digested sludge 1is more difficult to filter than the
primary sludge. The average specific resistance for the digested
sludges (10.352 x 109 e¢m/g, see Table D.1) seems to be
significantly larger than that corresponding to the primary
sludges (2.547 x 1010 cm/g). Due to the fact that a significant
variation was observed in the experimental results and analysis
of variance was done (see Table D.2 to corroborate). In this
analysis it was shown, with 99% certainty, that the difference is
significant. This is probably due to the presence of colloidal
particles in the digested sludges.

The filter leaf method reproduces satisfactorily the

operating conditions of a full scale vacuum filter. It offers
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the advantage of allowing variations of the operational
parameters such as vacuum pressure, form time and drying time.
This enables the experimenter to evaluate, with a good number of
data, the coefficients that characterize the particles present in
the sludge. With the data obtained for the primary and digested
sludges, a non-linear regression was done. Afterwards, in order
to corroborate the results obtained in the non-linear regression,
a statiéticalKanalysis was done, From this analysis it was
concluded that the results are satisfactory with 95% reliability.
Thus, the equations for the solid 1load of the primary and
digested sludges are reliable. The statistical analysis is shown
in appendix D and the results for the non-linear regression in
appendixes E and F. The EIMCO POPR-859 mesh gave good results
with the formation of a uniform and easy to manage cake.

Our preliminary results on dewatering the sludge by
centrifugation seem to indicate that this is a very effective
method, particularly for the primary sludge. However, it should
be pointed out that the experiment was poorly designed for this
part of the project. The retention times used were much higher
than one would expect in a continuous full-scale dewatering

facility.
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CONCLUSIONS

From the results obtained in this investigation the

following conclusions may be reached:

1.

The Buchner Funnel test constitutes a simple and effective
method for the determination of the required coagulant dose
for a particular sludge. It may also be used to compare the
relative difficulties in filtering different sludges.

The specific resistance observed for the primary sludges of
the BRTP are significantly greater than those of the digested
sludges, This may be due to the difference in particle size
distribution of both sludges.

The so0lid load eguation derived for the filter 1leaf
represents satisfactorily the experimental results obtained.
To reach this expression, the contribution to resistance of
the filtering medium to the total specific resistance was
neglected. Thus, the results in these tests may be used

for the design of full scale vacuum filters even if the
filtering medium to be used is different from the one used
during this experiment.

The use of a non-linear multiple regression program for the
simultaneous estimate of the empirical parameters of the
solid 1load equation produces better results than the

classical method of linearizing the model and plottiné the
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data in a way that estimates are obtained one by one. The
sum of erros squared was reduced by a factor of 107 when the
multiple regression method was used.

For the primary sludge it WAaSs observed that the
compressibility factor, s, is practically zero. Even

though, it was oberved that for both primary and digested
sludges the correlation coefficient between parameter 1
(ﬁhich involves the specific resistance of the sludge at

1 in Hg) and parameter 2 (that involves the compressibility
factor) is very significant (see appendix D). This suggests
that the relation between the specific resistance of the
sludge and the applied pressure is possibly more complex than
the relation presumed during the development of the model.

It is important to point out that for liquids and gases the
compressibility factor is a function of pressure. This may
also explain why the compressibility factor for the digested
sludges seems to be negative as shown in the results obtained
in the regression

The equation developed to relate the applied solid load to a
vacuum filter with the pressure ;pplied, mass of solids
deposited and form time may be a very useful instrument in
the design of a full scale system for the dewatering of the
sludges of Barceloneta, eliminating the need to, depend of

empiricism in an engineering project of such magnitude.
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7. Dewatering by centrifugation should be studied further using

experimental conditions representative of continuous, full-

scale operation.
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Appendix A

Results of Polymers Tests
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TRABLE A.1 RESULT OF JAR TEST FOR POLYMERS

Primary Sludge Digested sludge
Polymer V {ml) Quality V (ml) Quality
WT-264-5 18 Poor 10 Regular
WT-2640 15 Good 15 Good
CAT-FLOC~-T 35 Poaor 20 Good
EAT-FLOC-TL 18 Poor 1B Regular
CAT-FLOC~L 18 Poor {8 Regular
CAT-FLOC-CL 1B Poor 1B Regular
LAT-FLBC-K-10 1B Pcor 18 Regular
CAT-FLOC-LS 18 Poor 18 Regular
CA-250 13 Poor 13 Poaor
WT-27364 13 Regular 20 Poor
WT-2466 14 Good 12 Good
L-4681~-E 14 Poar 18 Poor
K-230 16 Good 14 Good
K-200 14 Good 12 Good
CA-25 34 Poor 34 Poor
CA-35 20 Poor 20 Poor
MAFLOC 900 16 Good 24 Poor
BESST FLOC B51P €& Regular 12 Good

e S - — o o o . e = o " = . . T = o — o A A o — — —

TABLE A.2 RESULTS OF BUCHNER FUNNEL TEST FOR POLYMERS

R i . o . = T - e T W T TR P S Y W ek g e e

Primary Sludge Digested Sludge

Polymer I[.D.{m}} S.D.(ml) 1.D.{m]) 8.D.(ml1)

WT~2640% 13 13 10 13 #%
WT-2464 14 21 21 12
K-250 14 24 24 24
K-200 16 16 16 18
BESST FLOC 851P b 24 b iB
WT-264-5 18 10 10 10

* Good quality polymer

*#15 ml of a 1 ppm polymer solution
1.D. initial dosage
S.D. suggested dosage

o
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Appendix B

Results of Buchner Funnel Tests

a7



TABLE B.1 BUCHNER FUNNEL TEST PRIMARY SLUDGE

Sample Time VYolume t /v
# (sec) (ml) (sec/ml)
1F1 3 P! Q.12
7 S50 0.12
g9 73 Q.12
12 100 0.12
21 125 Q.17
30 150 0.20
1P2 3 25 .12
g8 H0 O.16
14 75 0.1%
20 100 0.20
28 125 0.22
35 190 0.23
2P 2 25 0.08
o) 30 0.10
11 79 .15
i9 100 0.15
29 125 0.20
38 150 0.25
are 2 a3 ¢.08g
o 50 0.12
12 75 0.16
17 100 0.17
30 1285 .24
43 150 0.29
3P1! 3 29 0,12
B 50 Q.16
20 75 .27
30 100 .30
44 125 Q.37
75 150 .50
3P2 3 25 0.18
2 30 0.189
24 75 0.32
32 100 0.32
52 125 O.42
80 130 0.93
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TABLE B.1 BUCHNER FUNNEL TEST PRIMARY SLUDGE (Cont.)

Sample Time Volume t/v

# (sec) {ml) (sec/ml)
4p1 e 25 0.08
5] 50 0.10

B 79 0.11

12 100 .12

18 129 0.14%4

33 150 o.2e2

4pP2 2 23 ¢.08
& 50 .12

10 75 0.13

14 100 O.14

19- 125 0.13

47 130 0.31

S5P1 1 23 0.04
3 50 0.06

o) 73 0.08

9 100 0.09

16 1253 0.13

37 190 .25

SP2 2 29 0.08
4 =10 Q.08

& 75 .08

? 100 Q.09

20 125 0.1&

39 150 0.24

6P1 5 25 0.20
11 S0 C.22

17 7S 0.23

23 100 .23

31 125 0.2D

42 150 0.28

LR 2 8 25 0.20
12 50 .24

i9 75 0.25

27 10C¢ c.e27

3B 125 0.30

52 150 ¢.395
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TABLE B.1 BUCHNER FUNNEL TEST PRIMARY SLUDGE

trv

Vo lume

(ml)

{sec/ml)

(Cont.)

7P2 3

eRP1 3

i5
35
47
g0

BPZ2 3

100
123
150

60



TABLE B.2 BUCHNER FUNNEL TEST DIGESTED SLUDGE

Sample Time Volume t/V
# (sec) (ml) (sec/ml)
151 8 29 0.3

17 50 Q.34

28 75 .37

44 100 Q.46

7e 125 0.58

102 150 C.b68

152 7 25 0.28
15 . a0 0.30

27 75 Q.36

41 100 o.41

&0 125 0.48

B4 150 0.56

251 3 25 0.12
8 350 D.16

14 75 0.1%9

23 100 0.23

38 125 Q.30

52 190 0.35

252 3 29 O.12
7 S0 O.14

13 75 0.17

25 100 0.25

40 125 Q.32

36 150 0.37

351 3 23 Q.12
8 50 0.16

15 75 Q.20

27 100 0.27

41 123 0.33

57 150 0.38

3s2 2 25 0.0B
& 50 .12

12 75 0.16

21 100 0.21

32 125 Q.26

=10] 190 ©.33



TABLE B.2 BUCHNER FUNNEL TEST DIGESTED SLUDGE (Cont.)

Sample Time Volume T/
# (sec) (ml) (sec/ml)
451 3 S 0.12

7 o0 0.14

14 79 G.1%

r=3o) 100 .26

aB 125 0.30

30 130 0.33

452 3 3 O.12
8 50 Q.14

16 79 0.21

23 100 Q.29

34 125 0.27

48 150 .32

551 B =] Q.32
19 a0 0.34

34 75 0.43

&1 100 0.&1

75 125 0.&60

111 150 O.74

ase 7 29 ©.c28
18 50 0.36

36 73 0. 408

1=} 100 .58

72 125 C.oB

115 1350 0.77

&S1 g 25 0.36
20 50 Q.40

aB 7D .91

&3 100 Q.63

88 125 Q.70

139 13¢ 0.90

&52 3 25 0.34
ee 50 O.44

42 73 0.3548

61 100 0.461

85 125 0.68

125 130 0.83
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TABLE B.2 BUCHNER FUNNEL TEST DIGESTED SLUDGE (Cont.)

Sample Time Volume t/V
# {sec) (ml) tsec/ml)
751 1) 25 0.24

13 50 O.26

26 73 0,35

L4 100 O.44

78 1295 Q.62

112 150 Q.75

782 S 25 .20
12 50 .24

24 75 Q.32

42 100 0.4

79 125 0.&60

11&6 150 .77

851 2 25 0.08
4 S50 0.08

12 75 0.16

22 100 Q.22

30 125 O.24

50 150 0.33

BSe2 2 235 0.08
) 50 0.12

15 75 Q.20

28 100 .28

“g 125 0,34

58 150 0.39
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TABLA B.3 INITIALS AND FINALS S0LIDS CONCENTRATIONS (%),
BUCHNER FUNNEL TEST

Primary Digested
Csample i ocof sawple  Ci  Cf
# (%) (%) # (%) ¢4
e mao 1ea7 s 120 143
P2 4.15 20.05 a2 3.03 16.34
P3 5.80 23.77 53 1.70 14.77
P4 4.18 21.02 S4 1.40 14.43
P3 &6.20 23.82 53 2.09 16.11
P& 3.90 19.93 56 2.2% 16.27
P7 4.24 21.37 57 3.21 16.73
PB 4,00 19.99 58 1.86 15.33
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TABLA B.4 RESULTS OF BUCHMER FUNNEL TEST PRIMARY SLUDBGES
(Macuum = 13 in. Hg, Area = 104,464 ciaf)

b R Ci Cf c u
# {(sec/cmbd)

1P 2.000752 0.9B0102 3.10

3P

4p

3P

&P

0.001470

0.003044

0.001208

0.001379

0.000820

0.001537

0.0030335

0.9B332!

0.984061

0.870370

0.872486

0.97611¢2

0.931548

0.992809

3.90

55

23.77

21.082

23.82

.&6720

.2176

.3816

0.0130

G.0126

0.0126

.39

.04

.43
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TABLA B.3 RESULTS OF BUCHNER FUNNEL TEST DIGESTED SLUDGE

(Vacuum = 15 1n. Hgy Area = 104.6 cm™)
-11
Sample b R Ci Cf C u rx10
# {sec/cmbé) (Cortn.}  (4) (%) (%} {poise) {sec®/g)
1P 0.002619 0.976517 1.20 14.36 1.3093 0.0130 1.71

2P 0.001995 0.9873B& 3.02 16.3%  3.7200 0.0128 C.47

3P

4P

3P

&r

0.002036

0.001716

0.003484

0.003%926

0.004437

0.002324

0.993821

0.996613

0.980751

0.988872

0.9723791

0.991801

1.40

56

14

14,

16.

146.

.77

435

06

27

1.921¢2

1.53¢02

2.4027

0,0127

0.0144

0.0132

0.0137

0.0131



Appendix C

Results of PFilter Leaf Tests
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TABLE C.1 RESULTS OF FILTER LEAF TESTS OF PRIMARY SLUDGE
FOR THE EVALUATION OF PARAMETERS m, n, s, Ro

Sample Form Dry Vacuum C Ci Cf Filter
Time Time Loading
# (min) (min}) (in. Hg) (%) () (%) (lb/ft=-h)

iP 1.00 1 20 3.74  3.10 1B.00 33.64

1.00 i 15 3.77 3.10 17.30 31.49

1,08 1 10 3.83 3.10 16.285 17.35

1.00 1 5 3.92 3.10 14.76 14,91

0.30 1 2o 3.78 3.10 17.13 44,98

0.23 1 20 3.82 3.10 16.580 74,34

0.13 1 co 3.91 3.10 15.00 1e8.87

a2pP 1.00 1 20 5.31 4,15 19,00 45.02

1.00 1 13 5.33 4,15 18.80 43.65

1.00 1 10 S.,38  4.13 18.20 43.40

1.00 1 5 5.39 4.15 18.00 24.8B

0.30 1 20 35.35 4.15 18.30 &8.38

0.29 1 20 5.38  4.135 18.20 103.03

0.13 1 20 5.38 4.15 18.10 119.17

3P 1.00 1 20 7.81 5.80 22.50 H§0.08

1.00 1 1%  7.96 S5.8B0 21.40 76.28

1.00 1 10 B.07 5.80 20.60 S51.47

1.00 1 5 8.24 5.80 19.560 49.28

0.50 1 20 8.10 5.80 20.40 10B.69

0.85 1 20 8.24 5.80 19.50 139.88

0.13 1 20 8.956 S$.80 1B.0Q 152.15

4P 1.00 i aa 5.26 4.18 20.40 44.38

1.00 1 15 S5.86 4.1B 20.30 46.59

1.00 1 io 3.27 4,18 206.18B 45.88

1.00 1 9  5.32 4.1B 1%7.4% 35.45

0.30 1 20 5.3¢ 4.18 19.80 71.87

0.25 1 20  5.33 4,18 19.40 108,41

0.13 1 20 5.36 4,18 19.00 128.55
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TABLE C.1 RESULTS DF FILTER LEAF TESTS OF PRIMARY SLUDGE
FOR THE EVALUATION OF PARAMETERS m, ny s, Ro Cont.

Sample Form Dry Yacuum £ Ci Cf Filter
Time Time Loading
# (min) (min) (in. Hg) (%) (4) (%Y  (lb/ft™-h)

5pP 1.00 t 20 B.47 6.20 23.10 20,39

1.00 1 15 8.49 .20 2£3.00 B7.58

1.00 1 10 8.52 46.20 22.80 78.53

1.00 1 3 8.71 &.20 21.30 51.60

0.50 1 20 B.47 6.20 23.10 144,90

0.25 1 20 8.63 46.20 22.00 169.21

0.13 1 20 .11 &.20 19.43 161.59

&P 1.00 1 20 4,74 3.9¢ 18.30 37,34

1.00 H 15  4.98 3.0 1B.00 33.87

1.00 i 10 4.99 3.90 17.80 24.18

1.00 1 3 5.04 3.90 17.20 16.80

0.50 1 a0 4.95 3.90 1B.34 58.358

0.25 1 20 4,98  3.90 18.00 Bb. 74

0.13 1 2¢ S.16 3.90 16.00 g7.31

7P 1.00 1 20 5.30  4.24 21.18 96.92

1.00 1 15 5.31 .24 21.00 51.50

1.00 1 10 5.40 4,24 19.80 4q .08

1.00 1 5 5.44 4.24 19.20 44.68

0.350 1 20 5.25 G.24 22.00 103.78

0.25 1 20 5.49 4,85 1B.40 119. 14

0.13 1 20 2.60  4.24 17,50 128.35

ap 1.0G 20 3.10 4.00 1B.60 G4, 99

15 35.11¢ 4.00 18.40 38.47
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TABLE C.2 RESULTS OF FILTER LEAF TESTS OF DIGESTED SLUDGE
FOR THE EVALUATION OF PARAMETERS m, n, s, Ro

Sample Form Dry Vacuum c Ci Cf Filter
Time Time Loading
# {min) {min) (in. Hg} (%) () 4y Qlp/fte-h}

15 1.00 1 20 1.30 1.20 13.78 12.97

1.00 1 15 1.36 1.20 13.49 11.01

1.00 i 10 1.30 1.20 19.36 10,10

1.00 1 3 1.31 1.20 14.00 &.80

0.350 1 20 1.30 1.20  15.90 24.23

0.85 1 20 1.30 1.20 15.18B 37.09

0.13 i 20 1.31 1.20 14,49 &0.30

25 1.00 1 20 3.b64 3.03 18.00 86.43

1.00 1 15 3.63 3.03 17.86 57.05

1.c0 1 10 3.45 3.03 17.82 49,36

1.00 ! 3 3.70 3.03 16.64 33.63

0.30 1 20 3.64 3.03 18.158 151,79

0.25 1 20 3.47 3.03 17.43 136,37

0.13 t 20 3.67 3.03 17.35 208.86

35 1.00 ! 20 1.89 1.70  16.34% 36.03

1.00 1 15 1.90 1.70 14.30 35.94

1,00 1 10 1.90 1.70  16.21 28.74

1.00 1 S 1.90 1.70 14.17 189.13

0.30 ! 20 1.89 1.70 14.68B 74,46

0.23 1 20 1.89 1.70 146.53 139. 66

0.13 ! 20 1.1 1.70 15.70 92,11

45 1.00 1 20 1.53 1,40 16,364 23.40

1.00 1 15 1.53 1.40 156.33 23.24

1.00 1 10 1.53 1.40 16.20 19,68

1.00 1 3 1.53 1.40  15.08 12.20

.50 1 20 1.53 1.40 16.41 43,46

0.23 1 20 1.33 1.40  16.24 B0.33

.13 1 20 1.54 1.40 13.61 86.93
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TABLE C.2 RESULTS OF FILTER LEAF TESTS OF DIGESTED SLUDGE
FOR THE EVALUATION OF PARAMETERS m, n, s, Ro Cont.

Sample Form Dry Vacuum ) Ci Ct Filter
Time Time Loading
# (min) tmin) (in. Hg) {%) {h (%)  (lb/ft¥-h)
35 1.00 1 20 2.37 2,09 17.46 46.38
1.00 1 15 2.38 2.09 17.40 37.47
1.00 1 10 2.38 2.09 17.35 34.14
1.00 1 S 2.39 2.09 14.85 24.39
0.50 1 2o 2.38 2.09 16.94 41.07
0.25 1 20 2.39 2.09 146.B0 67.17
0.13 1 a0 2.39 2.09 16.72 116.83
65 1.00 1 20 2.63 2.29 17.92 71.%6
1.00 1 15 2.63 g2.29 17.90 61.77
1.00 1 10 2.63 2.29 17.60 38.11
1.00 1 3 2.64% c2.c9 17.14 31.92
G.50 1 20 .63 2.29 17.48B 64,33
0.23 1 20 2.63 2.29 17.52 78.28
0.13 1 20 2.64 2.29 17.40 179.286
75 1.00 1 20 3.70 3.21 18.23 B7.74
1.00 1 15 3.91 3.21 18.00 73,33
1.00 1 10 3.93 3.21 17.5%6 48.74
1.00 1 S 3.99 3.21 17.20 34.82
0.30 1 20 3.50 3.21 18B.21 140,82
0.29 1 20 3.93 3.21 17.460 150.53
0.13 1 20 3.97 3.21 16.73 170,38
85 1.00 1 20 2.09 1.86 17.23 43,14
1.00 1 13 2.0%9 1.86 17.21 40.80
1.00 : i 10 2.09 1.86 16.5% 30.25
1.00 1 b c.ll 1.86 15.83 23.50
0,30 1 c0 2.09 1.B6 17.20 43.23
¢.23 1 20 2.09 1.86 17.18 B2.B&
0.13 1 20 2.09 1.86 17.12 131.13
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Appendix D

Statistical Analysis of the Results
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Statistical Analysis of the Results

I. Buchner Funnel Tests

Comparison of the results for specific resistance of primary and
digested sludges,

Tabla D.1 Specific Resistance, cm/g x 10 -10

Primary Digested
1.686 17.092
2.477 4,655
3.393 9.362
2.041 8.540
1.451 12.204
1.490 11.946
2.568 9.473
5.268 9.547
Average 2.547 10.352

Analysis of Variance

Hp: M1 = M2

Hi: M1 # M2
SST = 344.68 (total sum of sqguares)
SS5A = 243.66 (treatments sum of squares)
SSE = 101.02 {(error sum of squares)

Table D.2 ANOVA Table

Source of Sum of Degrees of Mean Calculated
Variation Squares Freedom Square F
Treatment 243.66 1 243.68 33.8
Error 101.02 14 _ 7.22

Total 344.68 156 22.98

Critical value of F = 8.86(28) (vy1 = 1, V2?2 = 14, a = 0.01)
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Therefore, it can be concluded with 99% confidence that the

specific resistance of the digested sludge is significantly higher
than for the primary sludge,

II. Non-Linear Regression Results
A, Primary Sludge
1. Confidence intervals for the regression resulis (27)

bi - ties2 si < Bi < bi + ti1-a/2 514

where: si = standard error of the estimate of
parameter bi

ti1-qa/2 = percentage point in the t distribution
with (n - k) degrees of freedom

n = total number of observations
k = number of parameters estimated
For this case, n = 56, k = 4
For 85% confidence {a = 0.05)
ti-a72 = to.975 (52 degrees of freedom) = 2.0(28)

The results are obtained directly from the computer
program output (see Ap. E)

Parameter Standard Error 95% Interval
3.3400 1.2225% ‘ 0.8960~5.7850
0.4989 0.1105 0.2780-0.719%
0.8253 0.0902 0.6449-1.0056
0.3403 0.0358 0.2689-0.4121

2. Show the parameters are significant]ly different from
cero.

Null hyvpothesis:

Ho: 3i
Hi: i

0
0

NOH

Calculate L

bi/s: and compare wilh teritical
leritical = t1ea;2 with (n - k) degrees of freedom

For 953% confidence and 52 degrees of freedom:
teriticel = 2.0

Parameter t Significantly different
from cero?
3.340 2.73 ves
0.4989 4.51 ves
0.8253 9.15 ves
0.3405 9,51 ves
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Covariance analysis
The correlation coefficients matrix is obtained from
the computer program output {see AP. E)

1.000
~0.873 1.000
-0.483 0.026 1.000

0.375 -0.498 -0.084 1.000

A significant correlation is observed between the
estimates of parameters 1 and 2.

Test for random distribution of the residuals

The randomness of the residuals is tested through
the runs test. The number of sign changes in the
residuals sequence is called r. Brownlee '?9) showed
this variable can be approximated by a normal
distribution with avarage’and standard deviation. given
by:

F = 2n] n2 +1
ny + na
2nn2nn-n-'
T - 2ny na(2nminp - gy - np)

" {np +n2j¢ (ny + nz - 1)

where: ni
nz

number of positive residuals
number of negative residuals

[E L]

The standardized form of the variable is:

For this case (see Ap. E):

r = 34
nl = 32
nz = 24
r = 28.4, = 3.63

z = —34-2B.4 - ] 5g
Zeritical = 1.96 for 95% conficence

Therefore, it can be concluded the residuals are
randomly distributed and the model is appropriate.
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Digested Sludge

1. 95% confidence intervals for the parameter estimates
Parameter Standard Error 95% Interval
3.033 1.5183 0.068-6.059
0.676 0.160 0.355-0.956
0.981 0.090 0.802-1.160
0.417 0.044 0.331-0.504
2. Show the parameters are significantly different from
cero.
Parameter t Significantly different’
from cero
3.033 2.005 ves
0.676 4.225 ves
0.981 10.900 yes
0.419 S.477 yves
3. Covariance analysis
Correlation matrix
1.000
-0.970 1.000
~0,212 0.006 1.000
0.363 -0.472 -0.014 1.000

Significant correlation between the estimates of
parameters 1 and 2.

g, Runs test
]":

=
b2
M L~
o O

=
[
i

28.86
3.69
-0.504

LR
nono

Zeritical=s -1.96

It can be concluded, with 95% confidence, the residual
are distributed randomly,
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Appendix E
Computer Program Output for the

Primary Sludge
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FOKTFRAN IV Q3 LELEASE

L=}
e

2.0 HAlh

Tk = azl JUL

01,

Tl

c PPOGIAN KEGPES
Goot DIRENSLON PAR (4}, Y (56)

0002 CORAOH X1(56),X2{5c),23{5¢)

G001 KPAR=4

000y NGU=%

0004 PAK (1j=Y0%.

000t PRE(2)=0.4

004Q7 PAk (1) =1,

000H PAR(4)=0.44

0009 FEAD (S, 10) (¥ (1}, X1(I}), X2 (I}, 03 (2),i=1,H01,1}

0010 10 PORANT (4 (F9. 1))

6011 CALL LS (NOU,Y,NDPAR,PAK,D}

oD12 Srap

0013 LWD

#OPTIONS IR RPFECT* NOTEAMM,L1D,EBCDIC, SOULCE, NOL1SY, HUDLCK, LOAD  dunar, du1.000
*OPTIUBS IN EFFECY*  NARL = HALN , LINECNT = SL

eSTATISTICS SOQULCE STATIRRNS = 14,PPOGHEN SIz: = 000707

*STATISTICS* KO BLAGHNOSTICS GENERATED
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FOLTRAN IV G1  RELEASZ 2.0 HODEL DATE = Hob oSuL 01, dwnd

111 Q] SUBROUTINE MODEL {PAR, P NUB,NPAL)

00062 DIBFASIOR PAWR(NPAR),F(NOD)

0003 CONMOW X1 (%0}, %2 (5], X3 [by)

Q004 Do 1 I=1,%N0R

0005 }'(I)’—'PAH('I]'(I!(I]"Pahl!}]‘[Xl!(!)'![‘kh['i)]*|1./((1(“"I‘.’._.[HH]
0006 1 CONTINUE

0007 RETUIN

gous END

sQPTIONS 1N EFPFCYS NOTKi(H,ID,EDCDIC,SUUHCE,HUL]S'I,HuDE\.‘V’-.L(I.'.L,Nm:‘.:’,!nd';'r‘:‘i
*GpTILNS 18 EFFECT® KAsE = AODFL ., LIKECHT = St

*SUATISTICS SOUUCE STAYEHERYS = H,PKOGRA® sleb = 0002492

SSTATISTICS* NO DIAGHOSTICY GZNERATED
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PORTHAN IV G HELEASZ 2.0 DIF DATE = WweD JUL w1, 1vo7?

0001 SUBKOUTINE DIF (PAR,Z,F0,N0B, NOE, NPAT ,LDEL)

0002 DIAENSTON PAR(NPAK),Z (HOL,NPAK), 0 (HOb), Dul.gNEAN)
0003 HETURN

0004 ’ END

#OPTIDNS IN EFFECT® HOTERM,TD, ENCDLC, SOUKCH, NOLIST, HUDECK, LUAD, NUR AR, LT 1
*OPTIONS IN EFFECTS® NAHE = DTF . LLNECNT = 5u
$STATISTICS & S5OULCE STATENFHIS = 4,PROGRAA SIZE = 0001LC
#STATISTICS® NO DIAGNOSTICS GEWARATED
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RELEASE

101

AL ]

14

16

1

11

2.0 L3 DAYE = WED JUL 01, Tiaf
SULROUTINE LS (NOB, OBS, NWPAR, PAr, lLEL)
DOUBLE PhECISIONPIVGT,CHULT,FEF,DENUH,TFACT,EACTU,SSLJU,&FFU,Ut]Vcﬁu,aﬁIVL
pDOUELE PRECISION A{ i1, 31), PahB( 40}, X, FLK
DIRPNSIOK ODS (HOB), PAR (WPAR), DEL( 10}, CARidl 30y
DIMZHSION 2 (150, i1}, FO{150), F(150}, EBUF (150}, FLw (150) }
DIMEWSTOu LEIU{ 30), BEDLW( 3C), BRpUP( 10
DLAZNSI0N SS(3), FL{3), FD(4), >D(4), LNTi| 30y, spns( o ad) d)

CUHHUH/HLDK\/DEL.CHHA!,UNULH,UHD

CURSOH/BLOKZ21I0ER
LOGICAL LG, LG
DATAILIL/ 0/

HoH = 200

mEall = 30
YINF = 1.D3C

I¥ {ILED.GE.1) Ga TO 100
po 101 I = 1, NiAK

L = Pak{l).2Q.0.

1¥ (LG) WhITE(L,25) I

I# (LG) STOP

FOLNAT (*OPAKAREFER PAR{',12,7)

= =0,01
0.2%ABS (PAR (1} }

PFL (L}
ChHAY (1]
UNDL w {1}
pNDBUE {L)
Repr = Y.
F55T0L =
ITHAX =
LIaTs =
lulbk = 1
LF (LkED.LE. -1}
CONTIUUE

I11 = 111 ¢ 1
IERG = 0
WRITF (b, 14)

G WH

- =

LECURN

11I, HOM, HEAR

UP,RFD\,NSSTUL,1THAI,L5513,1D1(

,hLr

IS5 fuual To ZEHO'}

FORMAT (*15TART OF PBOBLEN KO, t, 15,
15,°* PAKARETERS' /'OVERSTON 4 OF LS,

H = n0BP

IF (HOB.GT.HOB} WRITE(o,15) NOD, A

FORMAT ('OILCEEASE THE VALUE G& nOB T0',i%,! (*,i4,% mas Usza)Y)

H.= MNPAE

1F (HPAK.CT.HPAR] WATITE (v, 10}

&RITE(b,T) (BADUF(1), I =
FORAAT (! BHDUDP (I)=0,10E12.5)
WEITE{G, 8] (Pai(I}, ! =
FORAAT (' PAx(l} =',10E1Z.5)
WHITE (6.t} (DNDLW{T), 1
FORMAT (' DNDLW (1} =", 10E12.9)
WHiTE {b,UL5))
WHITE (b, 17)
FUERMAT (' DEL LT}
Wh1T2(u,13) (Cumax(i], I =
FOWLHRT{" CHARK (1) =*,10E12.9)

(prL I}, 1 =
=1,10K12.9)
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1,HPAE)

=1, NEAL)

NPAbL,
FOKRAT ("UTHCREASPE THE VALUE Or RPAR o o5,
IriNUh.GT.HDH.OR.NPAR.GT.HPAN) 8TCP
1,HPRR)

1, N0AR)

1, NEAK)

wllnt, Lo, !

USehVATLL UG ALLE, S Lhar, 1

AUGUST 19711}
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(I“")‘l
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17

N

4430

410

3~

LS DATE = WED JUL 31, 1%o?

WRITE({6,17) 2XEDA, RSSTOL, ITHAX, LIS1E, IDi¥

FURMAT (*OBEDA =',B12.4," RUSTOL =%,¥12.4," TiHya =*, 14,0 Lrsnsenrse

LV =%,13,% IDLF =, L3)
FHLN = 1.
DO & I = 1,KPAK
FKIN = AMINY(FMIN,ABS (DEL (1)))
LG=DAR (I) .LT.BNDL% {I) .ONK, 8Ax (I} .GT.SNDUP (I)
1F(Ly) WIITE(6,18) I
1F (LG) STUP
FORMAT [{OPARAMETER PAK (',I2,") 1S OUISIDE I15 BOUNDSY)
IF(FAIN.GE.1.E=35) WEITE (b, ?0)
FORMAT (*OSUBFOBTINE DIF XS NOY USEDY)
TE(FMIN.LT.1.E-35) WRITE (5,27)
FORHAT (10SUBROUTINE DIF IS USEDY)

ITHO = 1

NPAK]l = NPAR + 1

NFUKC = O

WRKITE(6,]] ITNG, NFUUC

FORBAT ('OSTART ITEGATION NO.',173, % w0, OF SULCTION CLLLSY, 14)
1nefi = 0

CALL MODJL (PAR,FO,NOE, NPAL)

NFUNC = HFUNC + 1

WHITE (0,2) {PAU(I), I = 1,NPhs)

FOLNAT (* PAR{I) =",B&14.7)

I4NG = ITHO + 1

1¥ (FMIN.LT.1.E-35) CALL DIF (PAF,2,F0,d00, KOU, NPAL ,0iL)

pO 5 10D = 1,H0B

2 (IOR, NFaR1) = —PO(IOB} + 083 (104)

DO 490 IPAL = 1,HP3AR

IDER = IPAk

I¢ (ADS (OFL (IPAX)).LT.E.ZFEINF) GO 10 440

1F (CHMAZ (1PAK) RC.0u  ANDLLHDUP (LPAR) = UNGLW {iidi] «Geo 1, /FINE]
GO0 TO 410

DO 400 IuB = 1,NOB

¢ (10K, IPal) = 0.

GO TO 490

LG = DEL(IPAL).GT.O.

LG1= . HOT.LG. ANDJALS {(PAL(IPAK) #DEL (IPAT)) . LE. 1, 0L-00

IF (LG1) WRITE (6,60) IPAK

FOUMAT ('UTHE YALUE OF PAR(',13,') IV JuO SaALlL Fui LRrgdaldlws

L' THZ DERIVATIVE!)

1P(LGY) STOP

PAFD = DAR(IPAR)

IF{LG) DDAk = DEL ({IPAR)

1F {. HOT. LG} DEAR = ASS (PAB(IDAL) *DEL(LPAL))

JD1F =IDIF

S% = ODNDUE(IPAK) - DPAKD - DPAR

S2 = PARD - DPAR - UBNULW (IPAK)

1P (S1.LT.0..AND.S2.GP.S1.ALD.IDTF.GY.0) JDIk
1F (52.L1.0, ANDG.SV1.6T.SZ. AND.IDLF,LT.0) JGLlr
Ir (JOIF.L1.0) GO TC 420

BRK (IPAKF) = AHINT(PALD + DPAj, HRDJE (IPAL))
DENGH = BAR (IPAR)

CALL MODRL (PAk, FUP,NOGU, NPAR)

ot
- F
—
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RELLASE 2.0 LS PATE = Wb Jul 01, 1=o]

17

400
410

WRITE(E,17) RARDA, RSSTOL, ITMAX, LISYS, Iply¥

PORMAT ("ORED: =", B12.4," RS3TOL =',212,4, " T1dias =' 4, LIsrsesrse

SV =1,13,% IDIF =',I1])

FALH = 1.

DO W I = 1,8BAR

FHINW = AMIN1{FMIH,ADUS{DEL(I)}]}

LG=PAR{I) .LT.WDLM {1} .0H. PAK(I).GT,ONDUF {1)

1F{Ly) wWllTE(6,18) 1

IF (LG} STOP

FURHAT ("OPARAMLTER PAk (', 12,%) IS5 OULISIDE 175 BOUNDSY)

Ie(FAIN.GE,1,£~35) WRITE (b,2b)

FORAAT (*OSUETOUTINE DIF IS NOT USED?)
TE(FMIN.LT,. 1, E~-35) WRITE (0,27}

FOYMAT (*OSUBROUTINE DIF 14§ USED')

17180 = 1
NPAKY = N
HFUNC = 0
WEITE(6,7) TTNO, NFUNC

FONNAT (POSTART ITEWATIOX HO.*,13,' KO. OF FUKCTIUN CELLNY ,14)
IDek = 0

CALL MODEL {PAR,PO,H0B, NPLK)

KFUKC = NFUNC ¢ 1

WK1TP [6,7?) (PAR({I}), I = 1,KDAL)

FOURNE (* PARIL)] =',8:214.T)

ITHO = ITNO ¢ 1

IF{FRIN.LT. 1. E-35] CaLL DIF{PAR,2,FU0,800, HOd, NPAL,DELY

pa & 100 = 1, HOB

Z(LOU,HPARY) = -¥O[IDB] + GBS (10B)

DO 490 IPAM = T, HPAU

1DER = IPAk

1F (AGS (DEL{IPAR)).LT.1./7FLNF} GO 1O 450

1F (CHNAL (IBAK) JHE.O. JAND.UNDUP (L¥PAK) = oHEDLW (LPAL) S Va/rinr)
GO TG 419

no 400 106 = 1,NQB

2 (ioh,IPak) = 0.

GO TU 440

L = DEL(IPAK).GT.O.

LG1= , HOT.LG.AND.ABS (BAL{YPAR) #DEL (TPAR)) L2 1. E-20

IF (LG1) WHITH(6,060) IPAk

POURNT ("OTHE VYALUE OF PAR{*,13,%) LF 100 SAALL FUL LhoERAigfdG!

' THZ LERIVATIVEY)

IP(LG1) Stap

PAKD = PAG(EPAN)

LF(LGY DPAR = DEL ({I¥AK)

1F {. NUT.LG) DPAR & AUS([PAR(IPLE)*DEL{IPAK])

Jplk =IDIF¥

$1 = BRDUPR (1PAK] - DPAuD - DPAR

§2 = palD - UPAR - DLNLLV¥ (IPAkL)

1F (S1,LT.0..AND.S2.GT.S1.AUD.IDTF.GT.0) JDTE
1F(S2.L7,0, cAND.S1.GP.SZ,aND 1DLF.LY.0) JDIF
JTF(JUIF.L1.0) GO TO 420

PAF (LPAEY = ASINY{PAKD » DPAk,BHDUP (Iiak))
DEHGH = PAR (IPAR)

CALL HODEL (PAh,FUP,NQu, NPAR)

pap + 1

noH
1
-
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LS DATE = &ED JUL 01, 1587

NFUNC = NFUNC + 1
GO TO 440
420  DENOH = DARD
: PO 430 I0H = 1,HOB
430  FUOP(IOE) = FO (105}
440 IF(IDIF.GT.0) GO TO &50
PAW(IPAE} = AMAX1(PARD - DPAR,GNDLA (IFAR))
DENOA = DENOM - DAR{IPAK)
CALL MUDEL (PAR,FLW, NOB, NPAK)
NFONC = NFUNC + 1
GO TO 70
450  DENOA = DENOH = PAKD
L0 460 10B = 1,NOS
460  FLW(IOR) = FO(IOn)
470  PAE (IPAL) = DAED
DONHD 10L = 1,NOB
480  2([10E,1PAR) = (FUP({IUD) - FT1W4(IGB)),/DENOM
490  CONTINUE

now

DO 20 TPAK = 1,HPAWI
DO 20 JPAR = 1,IPAK
X =0
Do 19 IOD = 1,NOB
19 X = X +« 7 (IOD,IPAR)*Z(10B,JIPak)
A(TPAR,IPAK) = X
20 A(UPAK,IPAL) = X
1F (ITHO.EQ.2) WRITE{6,12) A[NPALY,NFALY)
12 FORAAT (*OINITIAL SUN GF SQUARES =¢,D12,d)
21 IP (LISTS.LE.0) GO TO 501
WRITE {6,22)
22 FORMAT (' RATRIX OF NOLAAL FQUATIONS ')
DO 49 T = 1,NPAR1
49 WRITE(6,50) (A(I,d), J = 1,NPAR1)
50 FORMAT (1X, 10012, 4)
501 NES = 0
HTRANS = 0

S50 = A[NPAR1,NPAL1)
DO 502 1 = 1, HPAN

LSTP (I) 0
LBIO{I) 0
PARB{I} PAR (1}

502 S5PDA (1) REDA®R (L,I)

L= I B [}

503 SSRED =
JEIUN = 0
NPIV = 0

DO 510 I = 1,HPAR

IF(LSTP (T} «NF.0. 0K A{L, I} sLE.SPDA (1) .OK.ALUS (CltAAK (I}) LT, 1./FLINF) ./ FINE)
A GO TO 510

TRED = A(I,NPAR1)*#2/4(1,1)

IF (TRED.LT.SSKED) GO TO 510

JB = 0

FACT0 = FINF

Do 508 J = 1,HPAR

T7{(J.RE.I) GO TO 504

REP = PAK (I)
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Ls DATE = &ED JUL 01, 1447

HFUNC = NFUNC + 1
GO TO 440 .
420  DENON = DPRAD
DO 430 Tob = 1,HOU
430  FUP[10B} = KO (108)
440  IP{IDIE.GT.0) GO TO 450
FAW{IPAE) = AMAX1(PARD =~ DBAR,ONDLY (1FAR))
DENud = DENOH - PAK {IEAK)
CALL MGDSL [PAR,FLW, NOL,NPAG)
HFUNC = NPUNC ¢ 1
GU TU 470
450  DENOA = DENOM - PALD
LO 4el IUB = 1,NOu
460  FLW(10B8) = FO(I0B)
Y70 PAL (10AK) = PAID
DO4HG lob = 1,500 ‘
W40 2 (LOE,IPAR} = (FUP (IUO) - FLd(IQD)]/bLNON
490  COWiIHUE

DE 20 IPAK = 1,NPAKT
DO 20 JPAW = 1,IPAx
L =0
Do 1Y 108 = 1,N0B
19 1= % + 2{I0R,1PAL)*2 (IQb,IPA})

A{IPAR,JPAR) = X
20 A(JPAR,IPALY) = X
LF (ITRO.EQ.2) WRITE(6,12) A{NPALT,NEALT)

12 FORNAT (*OINITIAL SUA CF SQUARES =1,D1..4)
21 IF (LISTS.LE.O) GO TO 501
WRTTE (6,22}
22 FORAAY {(* MATRIX OF HOWBAL EQUATIONS )
DO 49 I = 1,NPAEI
u9 URITE(6,50) (A(1,d), J = 1,HPAKY)
S0 FORMAT {1X,10D12,4)
401 HES = 0
HTHANS = O

S53 = A(NPALGY,NPARY)Y
DO 502 I = 1, HPAH
0

502 SPDA(3) RELASR (1,1}

LsTp(ly =

LETU {1} = 0

PAKB{T) = PAK (T}
503  SSREED = 0

JBIU = 0

KPIV = O

Do 510 I = 1,MPAK

IFGLSTP (1) .NE.Q 0L A (I, I) o LECSPOALL) LURLABS (ClUAAL (T} ] LT V. /FENE) /2 1INF)
A Lo To 510

TRED = A{L,NPAK1)®*e2/A4(1,])

IFP{TRED.LY.SSLER) GO 1O 510

JB = 0

PACTO = FINF

DO 508 J = 1, NEAR

1F{J,NE. I} GO TO 504

KEF = PAK (1)
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RELZALE 2.0 LS pale = witd Jui 01, 1wl

DENGH = A (I,NEAR1) /A (1, T)
G0 TO 505
504 IF({LSTP(J}.EQ.0) uO To 508
REF = PAE(J) ¢ A{J,HEART)
DEHUN = -A (I, 1) *ALI,HPARY) 74 (I, 1)
505  IP (UENOM.GT.1./FINF) GO TO 500
1F (UEHOM.GT.—1./FIKF} GO TO 500
1P {BULLW[J} LLE.-FINF) GO TO b0
TFACY = {BNDLW(J) - REF)/DENCH
1 = -J
G0 T0 501
506  LF(DYDUP (J) -GE. FINF| GO To S08
TFACT = (UNOUP {3) = KEF) /UEKUR
1J = 4d
£07 1P (FACTG.LE.TPACT) GO 10 508
FACTO = TEACT
Jp = 14
s08  CUNTINGE
1P (FACT0.GT.1.) &0 70 509
ThED = TREDYPACTO® (2. - FACIO)
509  iF(TEPD.LT.SSRED) GO 1u 510
SSKED = THED
FLHAL = FACTO
JE10 = Jb
NeIV = 1
510 CONTLNUE
[¥(NPIV .EQ. 0 .OR. FLMAX .LY. 1./FLNp) o 10 530
NTHANS = HTEANS ¢ )
IF(FL3AX.LE. V. ) GO TO 52
NES = NES + 13
LS'TP {NPIV} = N2IV

LODIU{HPIV) 0
co TC 57
52 IRESP = 1aDs (JBRIL)

IF (IRESB.NE.HPIV) HES = HES =1

LSTP {IRESP) = O

DPIVPE = FACIO®A{NPIV,NPAR1)/A(NPLV NELV]
PAR {(NPIV) = Pak (NPLV) + LPIVP
PAR{TIEESP) = BNDLMW (TRESP)

1¥(JaLU.GE.0) PAR(IKESP) = LNDUP (LEESF)

57 o S T = 1,HPAR
IF (EAH(I) - BHOLW{T).LE.V./FINELANDLLSTE (1) 20,0 bululy = =4
58 IF (DNDUP(I) = PAK{I]) . LEa Vo EINE ANDLLETP (1] -ty-0) Lalutl) =1
IF (LISTS.CE,S) wilTe{c,hd) (Lelugf), I = 1,K0AE
54 FORMAT (1X/ (" LEIN & ,201%}
IF (LISTS.GE.5) WEITE{v,u1) (L3T(1), 1 = 1.HLAR)
51 FORMAT (* LSIF =1,2015)

17 (LI1STS.G8.5) WHITE(u,2) (PAbUl), 1 = 1,4tai)
1F{FLRAX.LE. V.) &GO TO70
62 PE(FLALX.LP.1.] NPIV = Lk2ZSP
PIVOT = A (BPIV,NPIV)
A(NDIV,NPIV) = 1.D0
h3 ne 512 4 = 1, KPAk}
5§12 A (WFLV,3) = A(MPIV,J)/PIVOT
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RELEASE 2,0 L3 DATc = WKD JUL 01, 14k

513 DO 520 I = 1,4PARY
IF (I.Z2Q.NPIV) GO TG 520
CHULT = A{I,HPIV)
DO %19 J = 1,NPARY
519 IF(J.NE.NPLV) AT, d) = A(I,J) - CHULT*A (HFIV,J)
A{ILNPIVY) = = A{I,NPIV)/DIYUT
520 COHTTNUE
521 IF (LiST185.L7.5) GO TO %03
KETTE (b, 10)
ig FORMAT (' ThANSFORMED MATRIX INCLUDIRG INVEkis OF =ZQUATIONLT,
A CTUAT Ake NOW SQLVERD?)
DO 522 1 = 1,NPAR
522 RWRITE (6,50) (A{I, ], 3 = 1,dPAal)
G0 TO 503
10 A{KPART,NPART) = L{NPAR1,NPAR]) - SLHRED
DO 7u I = 1,NPRR
A{T,NPARYY = A{I,NPART) = DPIVESA(Y,NPLV)
LGY = L3100 {l).HNE.D
LG = PAR(L).GL.UNDUP(T)
IP(LG) PAK(I) = BNDUP ()
1F{LG.AND,LG1) A{I,NPARY) = 0.
LG = PA({I).LT.DNDL4W {I)
IF{LG) PAR(L) = HHDLW({I)
IF (LG ANDLLGTY) Af{I,HPAET) = D.

IE(LG1) A(NPAKY,I) = =4 {I,NPART)
76 LP (LHOT.LG1) A(HNPARI,I) = A(l,UDak1}
73 LE (NETY.EQ. 1E2SE) GO TQ 521

A{THESP,NPART) = 0.D0

A{HEART, INESE) = 0.00

G0 To 62
530 TF {hTrANS.GT.0) GO TO 531
541 WhITE (6,5%u2) :
bhd FGRAAT [*ONO PARASETER CHANGES BEEAITTLu. IHSPSCT DudibLS AND CHnaX®
' ALHAYE®)
5TOP
531 SSE1 = A(HPARY,NVAK1)
550 DO 452 I = 1,NPAR
1¥ (LSTP{I).BQ.0) A(T,HPARY) = 0.DO
A(I,NPABY) = A{I,NPAKI) + Pak (I} = PALb (1)
852  CONTINUE

4

ILA# = 0
FLAN = 1
TLHax = 0
FLHAXY = FINF

QNAK = FINF
DO 536 I = 1,HPAR
AUSA = DADS{A{1,HPAR1))
TP (AUSALLT.1./PLNF) GO PO 53b
QLAN = ABS (CHRAX(T))
LE{CHAAX (1) 2LE.SERO) QLAN = ULAM*DALL (PALL{1))
IF {FLAR®ARSA.LE.QLAN] UL TU 514
TLAK = [
FLANS QLANZABSA
534 TF{A(1,NAARTY.GT.ZERO] QNAX = PNLUP({1) = BAku{l)
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HFELEASFE

51o
PRI
547

PLE
560

511
b5 8

502

566

563

LY

A

A

2.0 Ls DATE = W.b JUL 01,

TF(a(1,8Pa01),LT,2E00] QMAX = PAKB(T) = LNDLw= (L}
IF (UnAX.GE.FLHAYXPABSA) GO TO Sib

Iluad = 1
FLAARX = QHAX/ALSA
CONTINUE

1F {1LARLEQ.0) GO TO 547
MRITE (h,5138) TLAA, FLAR

FUORART {' PARAMETEU® 14, ¢ LIHITS THe COLKECYLUNL uw Yurnllou,

TTINES TUZ GAUSS-NEWTON VALULS.Y)

T (PLOAX.LT. V. CANU, ILMAN.NELILAA} wKITE(C,53H) 11%Aa,

IF(FLAALLT. Y. /FIRE) GO TO S41

ShEST = S54

FHEST = 0

FLi = 28pINF

58B = 5581

S5 (1) = 558

FL{1) = 0

S5(2) = 1.0VeFINp
FL{Z) = 1.01%rLHAX
$3(3) = 1.02eFINF
FL[3) = 1.02¢FLHAX
FLT = ¥LAA

KEY = 0

Le = .ThUEk,

Do 5S4 1IGKID = YV, Ir4AX

Lo be2 T o= 1,NPAR

PAF (1) = PAUB(I) » PLT*A(1,HPAKY)

TF (PAB{L} .GT.UbBDUP(I}) PaAR{I} = WNDUP (1)
LF (Palc (T} LT UNDEW (1)) Par{l) = BHLLW{l}
Ibek = =1

CALL HWUDEL (PAK,F,NOU, Nk AKR)

HEGHC = NPONC + 1

359 = 0.

PO 5L IO0B * 1,A0B

D = ABS{F(10B) - OBS(IOD))

IV (DE.GL.1.E15) WRITE(L,506} LOL, & (104)
FORRAT (*OF (*,13,%) =1,E10.3,% I5 TUO LasCe")
LE(U¥.GT. ¥, E15) 510D

58T = 4557 » Drse?

SSK = SST

LG = LG.AND.5ST.G4T.55D

IP(KEY.EQ.Y} GO TO 581

IF(L4STS.GE.H) MRITE(b,564) PLY, S55%, [GLID, FLL, S35P

FORHAY (YOFLT =',B13.5,¢% SS8T =, E13,5," IGFlD =9,17,¢
5,% S5k =9,E11.5)

1247

Bl

FLoAx

*,u11.

IP ((ALS (FLT-1.) .GV hSSTOL.AND.ALS (FLT=FLANL) JGT. BB TULY . Caaabs izl

~55E1}.Gl.ADS [SSE1) ESSTOL. UK. LU} GO TG So%
PLk = FLT
GO 10 501
148 = 0
K =0
pe 5715 3 = 1,3
P (FL (1) .Gl FLT.AND, 105, EQ.0) ING = 1
IF(INS.GT.C) K = 1
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RILEASE 2.0 LS BALE = wED JUL 01, 1us7

IK=1+K
ED(1 K} = FL(L)

575  uD{l K) = S3{T)
TF (INS.EQ.0) IkS = o
FL (INS} = LY
sp(Iug) = SST
K =0
LF {(5D {2} - G150 (3 » Ok  TNS.EQ.B) . h¥D. LOLID. SV L} K = 1
1F {50 {1) - LE.SD[2)) K = 0
PO LT6 I = 1,3
1k =1+ &
FL{I) = PD{1 K)

576 S5(1) = SD(I K)

1F (LISTS.GE.0) WRITE(E,5TT) (FR(), J = 1,9)
TF (L15T8.GE.b) WRITE(E,Sud) (5D{), 3 = 1.4

917 FOURAT (* FD TABLE ',4E13.5)
S0l ¥OKRNAT {* 50 TABLE ',49E13.5
1F (4uT.GF, SEEST) GO 10 571
SHEST = 8ST
FLEST = PLT
574 1¥ (FL(3) .LE,FLAAY) GO TO 583
IF(55(1) .LE.5S(2)} GO T9 587
FLT = 0.1#FL{1) + 0.9¢FL(2)
G Y0 540
583 DENORM = (FL(3)-FL{1))*{55(2)-S50})+ (FL{1}-7L{2)) * {85 (-} -58 01
IF {DENOM. LE.~1./F1HF.AND FL(3) . LT, FI4F) 36 w0 54U
§5P = FINK
IF(S5(1).56T.58(2)] 6O TO 5H5
547 FLT = 0.9¢FL{1} + 0.,3*FL (2}
GO TO 540
535 PLT = FLHAX
TP {FL(3)-GE. D 9B*FLAAY) FLT = 0. 1%¥L{2) + V.9*FL (1)
IF(FL{3).LT,.0. u9vFLAAY) FLT® 2.%FL (1}
GO Ta 5490
S04 Fulb = FLR
FLi = ((PL{3)%*2 - FL1) *##2) *{35(2) - S5+ (FL1)*%2 = iL{d)
A se2) ¢ {55(3) — SS(1}})1/2./70EROH
JP [tLH,GE.FLMAK) FLi = FLHAZ
IP {FLK.LE.FL(V}) FLR = FL(1)
S5n = S5(1) + (S8S(2) - 55{1))*l?Lﬁ-?L(T))‘(YLP-YL{J)}/{kL(h
A =FL{1))/(FL{2} = PL(3)) * 155[3)—55(1)j-(th—y1(1)1»(rLL—rL(:H

8 ZFL{p=FL{N) ) ALY = FL(2))
IF(AbS(SSR-SSP).GT.AES(FSSTUL'SSP].AHD.DABS(FULD-th)-GT.DAUS
A (RSSTULPPLRY) GO T0 580
Ir(SSﬁ.LT.D..UH.}LR.LE.FL[1).ON.YLR.CT.FL(JI.UH.Lul LS YRR ALY
FLT = PLL
Kry = 1
GG TO 558

81  WuITE(6,579) IGHID, PLR, 53R

BTy FOWRAT (* SEARCIL CONVERGED AFTrl®,13,' CYCLLS, WLl Ladtba=7,
X D13.5,% &UD 550 =*,213.%)
GO 10 L2b

SHO  SSP = SSR

2  FLT = 0.4%FL(1] + 0.1*FL{2)
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ReLEASs 2.0 1S LATE = WED JUL 01, 1yd?

590

591

6139

030

631

32

b3l

wia
650
6lh

IF{FLR.GT.PLY} PLT = FLR

FT 2 G 1*FL{1) + CG.9%¢L{2)

TP (FLH.GT.FLYPLT = PT

FT = 0.9*FL{2) + 0.1%PL{])

TF (FLn.LF.FI) PLT = FT

IP (#FLR.GE.¥T) FLT = FLN

FT o= D VePL({2) ¢ 0.9*FL(])

[F(¢Lh.GY.¥T) FLT = k4

Ir (FLE.GT,.FL{3)) 8O TO 58%

CONTLNUE

IGLID = ITHAX#)

WRITE(0,597) 1TMAX, PBEST, SDEST

FORMAT (' SEARCH TOOK THE FULL',I4,' CYCLBS. UELE Fuial LFGLAT,®
A o' LANBDA =", B13.5,% S50 =',211.9)

FLR = PHEST

$SH = SBES1T

DO H24 I = 1,HPAR

PAR(I) = PARB(I} # A(I,¥PA1)*rLR

LF(PAK{I} .Gl .cALUP{Y)) PAL([L) = LKDUP(L)

IF (PAR (I} -LT.uSDLW(I}) ¥Ali(1) = DNDLW (1)

CUNTINUE

1F (58B,LT.SSR}) WRITE(o,029) S5k, Ss5b

FORMAT (*OCUKEENT SIn OF SQUARES?,EIS.H,' EXCELDIS RESULYY,
L) E15.4,% OF PREVIOUS 1TEHATIONY)

TF (ITUO.LE. ITHAY L ANDL ADS ((S5h = 3Sb)/RSSTOL) W GT. 856, ANbL.LallD.ur. ]
A ) GU 101

IF [ABS ((S5R = SSD)/ASSTOL) .GT.SSU.ANDLLGALD.ST, 1) #EIVE (v, i)
FORRAY (*0#eeesasers CONVERGENCE CRITYEKION 15 NOT SAl1uelzu,',
A ' MALINUA NUMBEG OF ITENALIONS WaS KEACHED sévesraraal)
NDP = MOD - HES

SEXT = O

TP (HDP.GT.0) SEXT = SORT (SSL/FLOAT{NDf))

DG 630 I = 1,NPAR

FP(LSTP (T} .NE.O0) A(L,NPARY) =D3OnT(a(I,1)}

IF(LSTP (1) .NE. Q) PARD(X) = & [L,UPARY)j*SEXT®2.

WRITE(b,631)

FORKAT {*OBEST PARAMITER VALUES AuD 2-5LCHA CONrlubuCE Lializ!
A LY ESTIAATEDY,/,* LY LINEARSZATIUN rok THE LdDbIVIBUAL!
A +VPARAAZTERS AKE AS PULLOWS.'}

J1 = (NEAR ¢ T)/8

pQ 650 32 = 1,41

1= (J2 = 1398 « 1

T2 = AIMO(NPAK,I2%8)

DO ¢i12 1 = 11,12

DAkl (L) = PAU(I) ¢ Pabd(I)

TF (LSTP(I) . EG.0) BarD (1) = FINF

WhiTE{6,043) (PARB(IL), I = 11,12}

FORMAT{'OUPH{I) =4,8(1L,D13.7}}

WLITF (u,2) (Pak(l), 1 = 11,12}

PO wid 1 = 173,12

NRRG () = 2e0A4L (1) - BAKU(L)

TF{LSTP (1) -¥0.0) BARB{I} = =~ FINF

NRITE(L,63%) (PARB(I), 1 = 11,12)

FORMAT (" LWk (1) =1,a(1X,D13.7))

.
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RELLASE

63

DO LKD) I =

U0

a1

oL0
£53
uH1
[ A1

a1
bub
671
650

SDPTIONS LN EFCECTS
SOPTIUNHS TH EFFrFLTe
FSTATISTICH*
FETATISTICS® NG D)A
SLSLATISTICS®  NO D14
JDATA

0NPCoHY BYTES USED
EZ&CUYTION DEGINIG

LOULCE

2.0 LS

WRITE(6,636) SEXT, NOB, WDP

BATL = WED JUL 01, 14987

FORMAYL {"OSTANDARD ERIPOK OF WELGHTED HKESIDUAL: =*,214.5,

A' BSTINATED WITIH',15/°¢
IF (LISTS.LT.2) GO TO 6ol

DO E40 T = 1, HPAR

1,1

IV (LSTP{IJ *LSTP (J) .NE.O) A[1,Jd}
TP (LSTE (D) ¢LSTP (J) .RQ. 0} A{I,d)
WRITE({b,041)

FORMAT {*ONORMALIZED CORKRELATION
J1 = (NPAK *+ 9)/10

Do 660 J2 = 1,31

FORRAT (1}

Ty = (12 - 1)+10 + 1

¥2= AINQ(NPAR,J2410)

BO 660 I = I1,NPAR

I1= AINO(I,I2)

ARITE (6,652)

VEITR (0,055%) (A(I,d), J =
FOREAT[TH ,5X,10 (F7.5,3X))
FORMAT (1HO)

1,11

IF{L1STS.LT.3) GG TO 666
IbLR = =2

CALL HODEL {PAR,F,NOU, NPAR)
NFURGC = KFUKC «

X =0

DO 6B0 I = 1,HO0B

L= 1 v (F(L) - 0BG (I)}*e2

WRITEZ({6,0L02)

FORBAT ("OFINAL FUNCTION VALUES!/1H

WRITE(6b,0b3) {¥F(I), I =
FORAAT (1X,8E12.9)

DO BT0 I = 1,NGD

F(l} = F(I) - OS(I)
WHEITE (6,605)

PORAAT (YOKESIDUALSY /14 )
aflTE (6,ubd) (P{I}, I =
WRITZ(6,b81) X

FORAAT (YOPINAL S5UH GF SQUAEES =
WWITE(b,071) III, HFUNC
PORAAT (YOEND OF PRODLER
WETHRN

END

1,808}

1, Huy)

RESTDUALS AKD', 15

JPUESHEES OF Fuanbua.t) -

MI N/ (0 UPAGTY /A (S, K00
1,74

HATHIX')

HO.Y,I4,°,

}

1, D12,4)

v, OF FULCTlod JALLLG =4,.4)

NOTERA,TD, EBCDIC, SUURCE, NCLIST, HODLCK, 1O, NuRaP, Kaib el

NAME = 18 ¢+ LINECHT =

STATEMENTS =
GNOSTICS UENRRATED

GHOSTICS Tdls STEP

81

Su
453, PHCGRAA SIve =

00y IsC

TR
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START OF PBOBLEX NO. 1 WITH 56 QBSERVATIONS AND 4 PARAHZTEES

YERSION & QP LS, ANGUST 1971

BADOP(I)= 0.10000B+31 0.10000E¢3) (.10000E¢11 0.10000E¢ 3
PAR(I} = 0.969300E+03 0.40000E+00 0.150002+01 0.44000E+00
EHDLH(I)“O.100002-31-0.10000!#11-0.lDODOBaJI*O.1000020]1

DEL (1) ==0.100002-01-0,.10000€-01-0. 10000E~01~0,10000E-01
CHHAX (1)= 0. 19330B+03 0.8000Q0E-01) 0,30000E+0C0 0.688000E-01

REDA = 0Q.1000E-0] RSSTOL = 0,1000E-02 ITHAZ = 10 LISTS = 3 IDIF = 1
SUBROUTINE ©IP IS ¥AT USED

START ITERATION NO. 1 NO. QF POMCTION CALLS *]
BAR(I) = 0.9690000E¢03 0.4000000E+00 0.1500000E+01 G.4400000E+00

TAITIAL SOM OF SQUARES = 0.2931D¢12
AATHIX OF WORHAL EuUATIONS
0.31290+064 0.B890%0+09 0.6021D+09 0.41240+09 -0.1025D+09
0.89090+0% 0,2555p+¢13 0,17150+13 0.1204p+13 -0.86230+12
0.60210+09 0.17150¢13 06.11790+13 0.8007p¢12 -0,.58280+12
0.4124D¢09 0.12040¢11 0.8007D+#12 0.7212D¢12 =0,.3%9920v 12
«0.30280+0% -0.8623D¢12 ~0.58280912 =0.39920¢12 0,29110¢12
PARAMETER 1 LIRETS T&i COARECTIONS TO 0.2005E¢00TINES THE SAUSS-NZWTON VALUES.
SEABCH CONYERGED AFTER 6 CYCLES, WITH LAABDi= 0,100150¢01 Au0 55Q = Q. 3+001F05

STAST ITPRATION WO, 2 ¥O. OP FONCTION CALLS 12
BAE({I) = 0.9091600£+00 0.8001111E+Q0 0.18499253E+J1 0.33985592+00
HATHIX OF ¥ORNAL EJUATIONS
0.3121D+06 0.8339p¢06 0.56350+06 0.]8600+06 D.47840+05
0.41390+06 0.2245p¢07 0.15060+¢07 0.105A0¢07 0.1257D+06
0.5035Dp+0D6 0.1506D«07 0.10350+07 0.70310406 0.71420+05
0.1860D+06 0,1058D+07 0.70310¢06 D0.53J4D+06 0.33310+05
0.47B40+05 0.12570+06 ©0.71420+05 0.31910¢05 0.34070+05
PARLAETER 3 LINITS THE COBHECTIONS TO 0.37832+00TIAES THE CAUSS-HEZWTON YALUES.
SEARCH COMVZRGED AFTER 3 CYCLES, WITH LAABDA= 0.25652D+00 AMD §53Q = 0.2d3I41Ee05

STAET ITERATION NO. 3 ¥O. OF FONCTION CALLS 21
PAR(I) = 0.12685617TE«01 0.4J61997E«00 0.1295826E+01 0.40023192+00
HATRIX OF NORAAL EQUATIOMNS
0,1573D¢+06 0.5860D+06 O,18%56D¢06 0.2673D+068 0.38408D*05
0.5860D+06 0.21990¢07 0.1452D+07 0.9996Dp+06 Q.18190+06
0.1896De06 0.14520+07 0.94133p+06 0.6530D+06 0.53600¢05
0.2611D¢06 0.9996D«06 0.65100+06 0.5924D¢06 0.47620+05
0.384cD¢05 0.74190+36 0.B8460b+05 0.4762D¢05 0.2834D+05
PARAMETER 3 LIAITS THE CORBECTIOUS YO 0.544 JE+QOTINES THE GAUSS-HEWTON VALWEES.
SEARCH COMVERGED AFTEE 3 CYCLES, MITH LAABDA= 0.38695Dp+00 L¥D S3Q = 0.23108E¢05

START ITEHATION ¥O. 4 NO. OF FUNCTION CALLS 30
PAR(I} = 0.1767276B+01 0.4672974E*0D 0.11046062+01 0, 3ab45502+00
MATRIX OPF NOHAMAL BQOATIONS
0,83210¢05 0.43V4pe06 0.2823D¢06 0.1859D+06 0.2720D¢05
0,4314D+06 0.2254D+07 0.1464D¢07 0.9912D¢06 0.1404D+05
0,28230+406 0.1464De07 0,9770D¢06 0.63630+400 0.4584005
0.18590+06 0.9912D+06 0.6363D+06 0.5819p¢06 0,52570+05
6.27200+405 0.14045+06 0.HS5040+05 0.52570¢05 0.23110+05
PARAMETER 3 LIAITS THE CORRECTIONS TO $.94322+00TINES THE? GAUSS-MEWTON FALUES.
SEABRCH CONVERGED APTER W CYCLE5, WITR LAABDA= 0,6366B0+00 auD S3Q = 0.17407£¢05

START ITERATION NO. 5 BD, OF PONCTION CALLS 40
PAR(I) = 0,25d401702¢01 0.49577082+00 0.90209092+00 0.33718032+00

AATRIXI OF MNORMAL BRQUATIONS
0.48259D¢05 0.3222D+06 0.2071De¢0u 0.13450+06 0.15150+05
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0.11220+06 G.24%0+07
Q.20710+06 D, 1970+07
0.1)4%0¢06 Q.1042D+07
0.15150¢0% 0.11470+00

JEARCH COWUERGED AFTES 5 CYCLAS, WITH LiAsda= 0.127060¢01 LeD 3359 =

0.15670¢07 3.10875¢07 0.1147D¢084
G.1029D+07 Q.059M0e0& Q.T1950¢35
A.6996D006 0.63980004 OT.6TuuDeds
0. TV95%0e0%  0.47480005 0.17410e0%

STAUT ITEGaTION WU, & %O. OF PUBCTION CALLS 51
PAR{I) » 0.3079661E¢00 0,50227902000 Q0.Q004465E+00 0.3102%35E000

&ATALIY OF ¥MORAalL "YNATIONWI

9.1025005% Q. 100btDe00
0,Use0s06 O.11740007
0.19650+06 0.2006D¢47
0.1284000F 0.31690e27
B.54740201 0. 1590+a8
J243CH COBIENGED ANFTLR

BFEST PARAAETED WALUES LD

GPE(I) = Q.57A4N0LDeQY O
FAG{I} » 0.2u44])20e01 O
Lus(l} = 0.d4959%d00+0Q 0O

STANDARD EBROR OF wlIGhT
RESIDOALS XD S20BGeiE

BOEBNLLIZZO CORRELATION A
1.000040
~. 371101 1. 80040
~. 49323 0.02640
2.17%17 -, 89412
FPIm4L PusCZIiam vaLuld
0,842262¢02 0,.135406P02
0511232002 0.42204a£+02
0.59034 ¢392 G.u1%02K002
0.3%41Lv02 0. T0dea B3
0. 10994 2+0) 0.1n1172+0)
0. 890Qak+02 Q.115542402
B, 12)ei2ed] Q,.47127004Q2

#Z3100ALY

G.196%5D006 G.120%0¢06 O, 1a74DeD)
0.20000¢07 O0.11%90+d7 QA.155%a0edd
0.110%0¢07 O0.84113e06 O, 16d10e04
0,8011D+04 O0.74810008 O.10710+3%
Dolod10e0n  O0,14210008 0. 1139005

b CTCLES, wiTH LiABOA* Q.1000AD+Q1 AND S8Q *

2-3ICA4 COWPIDENCE LIAIYTS ESTIAATID
BF LINEARITATION POR TUZ 1MOLYIDUALRARLAZTEAS AGE 43 FOLLONS.

« 71986110000 0.10055450+01 0.312064940+00
<A 1I1E00 0,63516762¢00 0, J804dSeE»20
«21792%10000 0, 54a98420400 d.30d3901%0200

Ev Bxslooats = 3,15007E+02 gSTLAATED WITH W%

3 &? FkEEDOS,

ATSIX

1.00000
=y ddlal 1.08000

0.11916£¢07 G.23022E¢d2 0.944922¢01
0.299%28¢02 0.7%20a2e08 0.9571L2204
A.10594 2203 Q.11835409] 0, 1734800
G, 359420002 Q.3¥19222+0) Q. 064278+01
B 184a9L+3] 0.55829E902 0. 40525k002
0.54% %202 0,5114802002 0, 823702903
G.99509E2¢02 O, 81143202 0.29207Ev02

0.71133e+02
0. 119%9¢¢0]
0.504020+07
01306202
0, 197d+2ed2
8.301T1R0 02
Q.71323e02

g.

0.11au9£r0%

Tlowdcedh

0.75875.¢02
0,d1204x°03
J.94%ca 0y
Q.4 ¥Tnlced
4,2d12dEed2
&, Yaddeeels
Q.93000Erd2

Q.3%36 1 +Q2
doTlwaduenws
Q,4194F02
O, 494 JPed}
0.7057 284492
U.rTisaieql
Q.1 VI2dLe0}

0. JOSRGE*22 0. 70761207 O, 18T40E+32 O, N51220¢01 0. 11317 Le02=0, 21012010, 527950 r0. . O, InuaiLeg?
Q747120+ 1~Q. 1 1520E¢01 U.J0LIPEv0T O, 88455000 08=0,223330200Y 3, 915T7T05eQ0 0, 11241200 1=, 4aluvredt
G 156748+01~0.627772+01-0,272990+4010, 387170000 0, 333920¢02 0.122226002 0.4170uee010, udansiedl
=0, 382316001 Q.2T956e01~0, 1342080 32=0,.903002¢01=0, 33830800 1«0, 120V aks073=0, 167 00E+0-0,. TICuniv0]
=0, 109610408 =-0.2T8010Ud N,2510828007 0, 1684352007 0, 198252+07 9, 193242907 0. 14520Eed? 3, W399 0002
0.30881K¢01 0.782262¢02 N, 2051800120, J13750¢00=0, 664258+ 01-0, 1030980020, 25696 2¢G2=0. 2101 1ce 03
“0.49010Ps01 Q. 321ITE02 D, 113498902 0. V157514402 Q. 8)0042+00) Q. 10%02Le02 0. 475376201 Yo ladddcen

FINAL SOR OF SQUALZS = D, TIAT0¢09%

EIND OF PROBLEAR mO. 1, ¥O, OF FUNCTION CALLS = 58
']

31ar
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Appendix F
Computer Program Output for the

Digested Sludge
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START OF PKOULEN Nu. 1 kITU 56 OBSEWVATIONS AND 4 PAMARETEMS

PERSION & D/ Li, AUGUSYT Y9
BHDUWY (1) 8 0.10000%e]1 0.10000FK11 0.10000E+13} 0.100002+2)

Pad{I) = 0.90500%+¢04 0.40006CkeDD G.150002¢01 0, 44000F+00
BNhLI(I]"U.lﬂﬂddkt]]-D.lﬂOUUHlll-O.IODDOEIJI-D.IOUGOul]1

DEL (1) 2=0,10000F~04-0.10000E-Q01-0.10000E=01-0,10000E-01
Cunax (I)= d.19380re01 0.80000k~0Q1 0,3000UE¢00 0.B88000E-Q1

EFDA = O0.1000P-01 A55T04 = 0.1000E-02 TTAAX = 10 L1s1s = 3 jole = 1

SUBLOGUTIN: DIF 15 WOT US&D
OF rUNCTIOMCALLS I]

START ITEaATION WO. 1 MO,

Pati(l)

INITIAL SUM OF SQUAKFS =
RATHIX OF KOHAAL EQUAYTIUNS

0.2%130¢0%
Q. TVsbibrudd
Dosnb4Deln
0.3220+Ud
(b, 242L0 D
PASMAETENR

U 7140l
Ua2004aDe12
0. HY200e11
C.Y940%D011
~Q.u9uNhe1Y

1 L1alTs TUE

SEanlCy CONVELGPL AFPTELD

ST4hT ITENMLIULN KO.

5 CYCLES,

2 RO,

s 0,%690000F+01 0.40000U0k»00

L236200 10

0.20550e¢04
0.01200+11
PR TR
0.3eLpe
-0.27%ubBe 1
Cuhd EUTIUNS

PAK{EY = 0,JbHLO2UECDT 0.4004%0buEeQD
AAThIL OF MUKAAL EQUNTIOHS

U.25%14De0S
V. 2720000
G100t D o
0.122%0+0L
=U,u3lpe0)d
PAUANETEL

U, 2740L+06
b. 29098407
U. 11750407
0,11L1D407
=0,21500+0n

SEARCH CORVERGEW AFTEY

STAMT ITPOATIUN 0. 1 KO,
e 0.35829102+00) O.L201120E+0U

ok (1)

0,10duDeDé
0.11)50e07
Uaduluedo
0.5305De0b
=0. HYZ0euS

2 LIALTS TukE CORMECEIOMS TO
b CYCLES,

AATHIX CF mudnal EQUATILAS

0,2100e0%
0.2%420e 00
U0t LLe OL
.11120¢00
=0, 12540 ¢04

V249420400

0.31410¢07
0. 1142007
0, 1a20us0?

O.10b6L0+00
0.1112DG7
V. uuh2Dv 06
0.50%90¢00

«.12390+0% =0.50290+04

SEANCH CONVEHUED AFTEHN

START 1TERATION ¥O.

2 CYLLES,

N k0.

HATNIX OF WOHAAL PQUATIGLNG

0.1140Dv06

0.315000005+01 0.4400000£400

0,3221D0«04
D.9405ue 11
0. oo Tue 11
0.5585D0 ¥Y
-0, ¥104uD+ 11

-0,2426D+08
=0,u49d00¢11
«0,.27%uue 11
=0,110%b¢11
0.2342Lel}

1o 0.2007E¢0DTIAES TUE GAUSS~WESTOR VALUES.

WlTu LAdMDA>

OF FUHCTIONCALLS 11
0.1N97781E+01 0, 83906742400

0.1225D+006
0,.13610+0Q7
B.h 3040 0é
0,d082us0b
w.20duLeUy

MlTh LhauDa=

Gy PUMCTLONCALLS 2]
0.9868T%0xKe 00 0. 80544 19E+00

0.13120000
0.1422p207
0,508 0L
0.di5%40e00
-Y.29HUD+ DN

W1TH LAdbDL=

UF PUNCTLIOMCALLS 31
PAk (1) » 0.32eB40d240) U, 0923224400 D.9H400YNEYU0 Q.

0.999910+00 AMD 535Q =

=0,L3160+01
=0,235%00+04
=0, V8520405
-0, 203L0r0dN
U, 25490 0%

«0,V259D+ 04
-0.12390405
=0,5029D+04
-0, %uu0ri4

D.1%T4Ued5S

0.564700r00 AND 55Q »

0.34740¢00 ~0,826810¢02

413875400

0.25607EsUS”

0.3149E+0UT1pES THE CAUSS-wENTUN VALUES.
0,udd34De00 AND 5350 -

0. 15743405

0.15630k¢05

O, 31%40+00
0.310750+07

0,3250U0+05
6.1158D0 0L
0.11400v0L 0. 1¥0ube0T O0.4372Ds00
B.lslupeOe U.1499peUT 0.4%T20e0b B.B223u+06 0.9501D+03
~Q. U280 =U,.359dDe0] ~0.39275+03 0.96010v0G] D.15%ciDely
SEAMCH CUMVEMGED AFTZH 1 CYCLES, MITH LanubDa= 0.10000L+01 ANWD s5Q =

0,33950+07 ~0,3h9UDed 3
D u9P2De06L ~0.19270¢03

0.1106DeL?

0s15619E¢0S

REST PAKAMETEK YALALUES AND 2-SIGAA CUNPIDENCE LIN1TS KSTIRATLL
BY LIMEABIZAYICH Pur TUE INDIVIDUALPAHAAKTEHS AU A5 FOLLOWYN.

® 0,605925680601 0.9963474D¢00 0.11603970+0) 0.50372770¢00

UPR(T)
a 0.3033505100) D.€758005K¢00 0.9H1V0HYECD U. 4172082000

PAb{T}
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LUR({I) = 0.6B844B87D-02 0.3553849D+00 0,H80194020+00 0.33081560+00

STANDARD ERIOR OF WEIGHTED RESTDUALS = 0,173315«02 FSTIRATED MITH 56
BESIDUALS ANWD 520EGHEES OF FREEDUA.
MAKAMALIZED COLRELATION AATHIX
1.00000
-.97025 1.00000
-, 21245 N.00632 1,00000
0.3632] -.47150 - 01415 1.00000
PINAL PONCTION YALUES
0.29717E+02 0,24466E+02 0,18L01E«02 0.11731E402 0.396842e02 0.52994 002
0.6T3T0E+N2 0.512212¢02 0.32433Fe02 0.10898E+03 O.1460T1E+03 0.19274d¢01
0.269932¢02 0.16A%0E+D2 D.572R9K¢G2 0.765042002 0.10155E¢02 0.34067E¢02
0 10bb2Ee02 0,4L562E¢02 0.0L2179&«02 0,02210E¢02 0.53566E+02 0, 442d4E02
C. 718297407 0,96117E¢02 D, 12b53k¢0) 0,59127E+02 O, 484 4Ee02 0. 3T136Ee02
0. 10500E+03 0,139512+03 0. HTI24E+D2 0,72075E+02 0.55%0TukeD2 0, lubhuEe2

0.20019Ee0) 0. 4TIH0FE02
HESIDUALS

0,16747F¢02 0,.134568¢02

0,3890JR02

0.B5013E+01Y

0.29619£+02

0,.49115e+01

0,10320E¢02 0.1Bh\2£001-0.113695001-0.42H093002
«Q 1T171E+02=0,61156E402

~0, 147 1B+01=0, 2150l e0]
0, Yae17E2071 0.310172+01

0.187272+¢02

0.15454E402

0.103k1E+02~

0,94395E+01

~0,1HISTE202=0, 4T197E 01 0.649865

0.632318+02

0.15904E+02
0.15%21L+02
0.1144TE*Q2

0,.70145E01
0.42900L+02
0.28706E+02
0.33669E+02
0,233312K802
0, 1166103
D, 8484u40k¢02

0.96455E+01
0.68700E+4Q1
0.54660E001

0.81609E+02
0.1b503Ev02
L G.21825E002
0.2¥V162E+02
0.79225E402
0.15090E+0Q3
0,11093E0)

-0.50412R¢01

~0.41709E+00

0.21452£¢01

EeQdd D.HHIJQKIO1-0.ITOHZ!OOD-O.JHZTTtiﬂl

U.30759E+02 0.29147%+02 U.QTOHSKODI—D.12b3]2i02—0.1292h2t02-0.913152000-
0.751818101-0.197712!02-0.H\SS&!IOO-D.I2550E¢01 0.61138EeD1-0.21741E¢0 Y~

0.0%379€+01 0, 140958402
0.2420u2¢02 0.6312uEe Q)

0. 3T606E+02 0.42099E¢04~0,16160Ev01-0.61102E+00-0

FINAL S5U3 OF SQDARES =

END OF
51oP

PROSLEA ¥O. 1,
¢

D.1562D¢05

N0,

OF YUNCTION CALLS =

86
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L47731EvD) 0.200012¢02 G 157992¢01-0,20199E202



Aprendix G
Preliminary Centrifugation Results for

Primary and Digested Sludges
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Table G.1

Centrifugation Results

Type of Sludge: P = primary Polymer used: WT - 2640
D = Digested Dose: 3 mls/40 ml sludge

Total mass of solids in the original sample:

P = 0.1896 g D = 0.0543 ¢
Speed Retention Time Percent Removal
Sample - _ RPM Min. of Solids
P1 355 5 B88.76
P2 355 5 88.92
P3 440 5 88.03
P4 440 5 89.08
P5 355 10 86.13
P6 355 10 85.86
P7 440 i0 87.50
P8 440 10 86.39
D1 355 5 61.69
D2 355 5 63.17
D3 440 5 65.38
D4 440 5 62.80
D5 355 10 52.49
D6 355 10 53.41
D7 440 10 56.91
D8 440 10 51.20
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