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OPTIMIZATION OF SUSPENDED SOLIDS REMOVAL
FROM COAL-ASH LADEN WASTEWATERS

ABSTRACT

Wastewater resulting from the drawing down of ash from coal-
fired boilers contains a significantly high concentration of
suspended solids requiring treatment prior to release into
sanitation lines for treatment at municipal wastewater treatment
plants. As an example, the steam plant at the Naval Amphibious
Base Little Creek 1. Norfolk, Virginia is experiencing high
surcharges from the Hampton Roads Sanitation District (HRSD) for
the high concentration of suspended solids in their wastewater.
At present, there are no mechanisms in place to pre-treat this
wastewater prior to its digcharge into HRSD,

The purpose of this project is to analyze the effectiveness
of various coagulant aids in the removal of suspended solids from
the ash-laden wastewater. In addition, the effectiveness of an
anionic polymer in response to changes in pH, velocity gradients
of flocculation, and various top/bottom ash water mixtures was

analyzed.

INTRODUCTION

In January 1991, the 0ld Dominion University's Research
Foundation was subcontracted by . rg consultants to conduct
wastewater treatability studies on wastewater samples obtained
from the coal-fired steam plant at the Naval Amphibious Base

Little Creek, Norfolk, Virginia. The location of the steam plant




is shown in Figure 1. .pg ponsultants was contracted by the Naval
Amphibious Base Little Creek to conduct wastewater treatability
studies on wastewaler from the ash-silo at the steamplant. The
Naval Amphibiocus Base Little Creek has been experiencing a high
level of suspended solids in its wastewater and consequently, the
base is paying some very severe surcharges to the Hampton Roads
Sanitation District (HRSD) to treat the wastewaters from various
outfalls. Through some exhaustive field investigations by URS
Consultants and Little Creek personnel, it was determined that the
coal ash present in the ash-si1lo waste water is the primary
constituent suspended 1n the water and thus is causing the
prohlem, at least ' a one 1ift station evaluated. The wastewaler
from the ash-silo is the result of draw-down operations conducted
on the active hoilers during each 8-hour shift at the steam plant.
The ashes are removed first from the bhoiler by the use of
mechanical stokers and fall into a grit chamber. Then, the top
ashes (fly—ash) are pnlled through the use of domestic water being
gprayed into the chamber and then approximately 15 minutes later,
the bottom ashes are pulled. The top and hottom ash removed 1is
pumped with water 'into a centrifugal separator which removes the
large ash particles from the water and then allows the wastewatler
to flow by gravity to the sanitary sewer system. The larger'ash
particles fall into the s1lo which 1s emptied once a day and

hanled to a sanitary landtill by a commercial contractor,

COAGULATION AND SEDIMENTATION

Before the results of the analysis can be presented, it 1s

el
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necessary to first discuss the concepts behind coagulation and
sedimentation.

Virtually all water sources contain perceptible turbidity.
As the terminal settling velocity of particles in suspension is
related to the particle size, 1t 1s obvious that plain
sedimentation will not be very efficient for the smaller suspended
golids. Therefore, the agglomeration of particles into groups,
increasing the effective size and therefore the settling
velocities, 1is posaible in some instances. This process of
agglomeration ar aggregation i1s termed coagulation and is
considered as involving two separate and distinct steps: (1)
particle transport to effect interparticle contact, and (2)
particle destabilization Lo permit attachment when contact

)
occursf“)Theories of particle transport are based on fluid and
particle mechanics; theories of particle destabilization are based
on colloid and surface chemistry. The design of structures and
flocculation equipment for a coagulation process is influenced by
a consideration of interparticle contacts; the selection of the
type and dosage of coagulant is based on a consideration of
particle destabilivation. The design of the overall coagulation
praocess must provide for both of these steps.

Particles in the colloidal si1ze range, however, possess
certain properties tLhat prevent agglomeraltion. Surface waters
with turbidity resulting from collnidal particles cannot be
clarified without =pecial treatment.

Colloidal suspensions that do not agglomerate naturally are

called cyahle. The most important factor contributing to the




stability of colloidal suspensions 1s Lhe excessively large
surface—to-volume ralio resulting from their very small size.
Surface phenomena predominate over mass phenomena. The most
important surface phenomena 1s the accumulation of electrical
()

charges at the particle surface. Molecular arrangement within
crystals, loss of atoms due ta abrasion of the surfaces, or other
factors may result in the surfaces being charged.

Ions contained in the water near the colloid will he affected
by the charged swurface. A negatively charged colloid with a

pos«sible configurat ion of tons aronnd 1t is shown in Figure 2.

&)

The first layer of caltions altracted to the negatively charged
surface is "honnd” to the colloid and will travel to it, should
displacement of the calload relative to Lthe water occur. Other
ions in the vicinity of the colloid arrange themselves as shown,
with greater concentrations of positive, or counler, 1ons bheing
closer to the collnidal surface. The arrangement produces a net
charge that 1s strongest at the boundary layer and decreases
exponentially wilth distance from the colloid.

When two colloilds come in close proximity there are two
forres acting on them.  The electrostatic potential created by the
"halo" of counter ions sarrounding each colloid reacts to repel
the particles, thus preventing contact. The secaond force, and
attraction force called the van der Waals force, supports contact.,
This force is inversely proportional to the sixth power of the
distance hetween the particles and also decays exponentially with
distance. It decreases more rapidly than the electrostatic

potential, but is stranger at close distances. The sum of the two
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forces as they relate Lo one colloid in close proximity tq‘another
is illustrated in Figure 3. As noted in the figure, the né;

force is repulsive at greater distances and becomes attractive
only after passing through a maximum net repulsive force, called

the energy barrier, at some distance between colloids. Once the

force becomes atiractive, contact between the particles takes
place.

A means of overcoming the energy barrier must be available
before agglomeration of particles can occur. Brownian movement,
the random movement of smaller colloids because of molecular
bombardment, may prod&ce enough momemtum for particles to overcome
the energy barrier and thus collide. Mechanical agitation of the
water may impart enough momentum to larger particles to move them
across the energy barrier. These processes are too slow, however,
to be efficient in water purification, and neither results in
collisions of medium-gized colloids. Thus, other means of
agglomeration must be used. In water purification this is
generally accomplished by chemically coagulating the colloids into
clusters, or flocs, which are large enough to be removed hy
gravity settling.

Chemical coagulation can be accomplished by the addition of
trivalent metallic salts such as A12(S04)3 (aluminum sulfate) or
FeCl13 (ferric chloride). Other coagulant aids exist such as

"silica, cationic polymers, and anionic polymers. Although thé
:exact method by which coagulation is accomplished cannot be
"determined, four mechanisms are thought to occur to destabiliéé

, (5)
. colloids. These include ionic or double layer compression,

5
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adsorption and charge neutralization, entrapment in a flocculant .

>

mass, and adsorption and interparticle bridging.
. Double layer compression:

The quantity of ions in the water sﬁrrounding a colloid has
an effect on the decay function of the electrostatic potentialfl)
As illustrated in Figure 4 a high ionic concentration
compresses the layers composed predominantly of counter ions
toward the surfare of the colloid. If this layer is sufficiently
compressed, the the van der Waals force will be predominant across

the entire area of influence, 30 that the net force will be

attractive and no energy barriers will exist.

Adsorption and Charge Neutralization

The nature, rather than the quantity, of the ions is of
prime importance in the theory of adrorption and charge
neutralization. Mylul hydroxides and synthetic organic polymers
(polymers)can be used to adsorb on particle surfaces to reduce the
negative charges oun the particle surface. This reduction in
surface charge thereby reduces the electric potential, or energy
needed to bring a like-charged particle to a particular distance
from the charged surface ( 1.e., a reduction in the repulsive
forces of the particle;%) This process could in effect neutralize
the surface charge of the particle. Once the surface charge has
Beeh neutralized, th~ ionic cloud, or double layer, dissipates and
the electrostatic potential disappears so the contact occurs

6
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freely. Overdosing with coagulants can result in restabilizingf?
R
+ the sugspension. If enough ions are formed and adsorbed, the

charges on the particles become reversed and the ionic clouds

. reform, with negative ions being the counter ions.

Sweep Coagulation

When metal salt coagulants are added at concentrations well
above metal solubility a solid phase quickly develops, This solid
phase ig a metal hydroxide that forms amorphous, gelatinous flocs
that are heavier than water and settle by gravity. Colloids may
become entrapped in the flocs as they are formed, or they may '
become enmeshed by their surfaces as the flocs settle. This is
referred to as sweep coagulation and can be highly dependent upoﬁ

(2)
pH.

Interparticle Bridging

Bridging mechaniaims associated with polymers are complex and
have nat been adequalely described analyticallﬁ?) Schematically,
when a polymer molecule coma2s in contact with a colloidal
particle, some of the polymer chains adsorhb at the particle
surface, leaving the tremainder of the molecule extending out into
solution (Reaction 1 in Figure 5). The remainder of the polymer
is available Lo absorbh on swurface sites of other particulates,
thus creating a "bridge” between the surfaces (Reaction 2 in
Figure 5). If the extended polymer cannot find vacant sites on

oy
the surfaces of parbiculates, no bridging will accur and the
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polymer may eventually adsurb on other sites of the original

‘" particle, so that the polymer is no longer capable of servingﬁ;s a
bridge (Reaction 3 in Figure 5). Thus, there is a maximum degrée
. of coverage or extent of polymer adsorption at which the rate of
aggregation will be a maximum.

Because polymer bridging is an adsdrption phenomenon, the
optimum dose will generally be proportional to the concentration
of particulates present. Dosages of polymer which are
sufficiently large to saturate the colloidal surfaces produce a
restabilized colloid, since no sites are available for the
formation of interparticle bridges (Reaction 4 in Figure 5).

Under certain conditions, a system which has been destabilized th
aggregated can be restabilized by extendedvagitation, due to the,
breaking of polymer-surface bonds and the subsequent folding baék
of extended segments onto the surface of the particles (Reactions
5 and 6 in Figure 5).

Anionic, nonionic, and cationic pslymers my function as
bridging polymers; however, anionic and nonionic polymers are more
widely used due to inherently higher molecular weights. Increasés
in molecular weight are advantageous because of the increase in
polymer size and thus the potential extent of bridging. Solution
properties (pH, ionic content) affect the polymer configuration in
solution and at the interface. High ionic strength tends to cause
the polymers to coil, thus decreasing their effectivenessfl)

Therefore, polymer selection requires extensive empirical testing.

oy




Jar Tests for Optimum Coagulant Dosage

.

-

Coagulation is not yet an exact science. Therefore,

. selection and optimum dosages of coagulants are determined
experimentally by the jar test instead of quantitativély by
formula. The jar test must be performed.on each water sample that
is to be coagulated and must be repeated with each significant
change in the quality of a given water.

The jar test is usually performed using a series of
containers (of uniform size and shape) which hold at least 1 L of
sample water. Normally, six jars are used with a stirring device.
that simultaneously mixes the contents of each jar with a uniform
power input. Each of the =ix jars is filled to the 1-L mark witﬁ
sample water whose turbidity and pH have been measured. Generally
the test consists of a rapid mix phase (high mixing intensity)
with simple batch addition of the coagulant or coégulants,
followed by a slow mix period to simulate flocculétioﬁ. After
flocculation, the mixer is switched off and the flocs are
allowed to separate from the water and samples of the qlarified.
water are taken from the containers. Turbidity or suspended |
solids concentration can then be plotted as a function of
coagulant dose.

In addition to performance, coagulant selection will depend on
cost and the quantity and dewatering characteristics of the solids
produced. Often, combinations of inorganic coagulants and
palyelectrolytes provide the lowest-cost solutions to coagulation

vy (2)
problems. Because of the many available coagulant-polymer

'3




combinations, a preliminary cost analysis is suggested to [select
-1

- viable combinations for Jjar testing. However, full-scale testing

is usually required to refine the optimum coagulant combinations
and doses because of the limits of the jar test in simulating the

hydraulic conditions in full-scale facilities.
Coagulation Practices

Thorough mixing is essential if uniform coagulation is to

.r occur. Consequently, careful attention must be paid to the design

of rapid-mix units and flocculation units. Interparticle

contacts, like particfe destabilization, can be accomplished in
several ways. As Brownian motion (perikinetic flocculation) is
not usually effective, agitation (orthokinetic flocculation)is
often usedAto increase particle interaction. In such systems the
velocity of the fluid varies both spatially (from point to

peint) and temporally (from time to time)fS)The spatial changes in
velocity have been characterized by a parameter referred to as the’
velocity gradient, G. The velocity gradient is a measure of the

relative velocity of two particles of fluid and the distance

between. The velocity gradient should be optimized so that

| maximum particle interaction is attained while particle shearing

is minimized to enhance the formation of large particles that

b+ exhibit rapid settling.

; INITTAL WASTEWATER TREATABILITY STUDY

f QThé inifial study conducted by Old Dominion University
e
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focused on analyzing the wastewater in the environmental ¢ |
engineering laboratories for ash removal by coagulation and:‘
sedimentation. The study was conducted in two phases. Thé first
phase consisted of a characterization (pH, total suspended solids
(TSS), and turbidity) of daily variability of the water samples,
The second phase consisted of evaluation of individual coagulation
aids for removal of the coal ash in these waters. The wastewater
lsamples.used during the study were taken daily for one
,week to ensure that a variety of coal ash conditions were
jevaluated. Samples of both top and bettom ash were used in the
'analysis. The four coégulant aids used during the study were
alum, ferric chloride, anionic polymer, and a cationic polymer.
The coagulant aids were added at various concentration levels in
{ batch tests with a gang-stirrer set-up. Coal ash removal was
quantified by turhidity measurements and was related to coagulant
aid doses.

In this previous study ferric chloride and alum were equally
effective for treatment of bottom water samples yet required high
dosage levels compared to the polymers. However, the top samples
treated with ferric chloride exhihited substantially poorer
results when compared to the alum. Turbidity removal using the
Acationic polymer exhibited a negative relationship with dose, with
the lowest turbidity measurements observed in samples receiving
lower doses. This relationship suggests that at the higher .

. polymer doses, "over-dosing" occurred. It was also observed that

,:Efthe‘cationic,polymer was more effective at removing fly-ash (top

; ;gpample)‘ﬁhan ﬁhe bottom ash. This is in contrast with the results
R 11
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from the use of alum and ferric chloride. Overall, the cgt%onic
polymer was substantially effective for the top and bottom éamples
as long as the dose was in the range of 1 to 2 mg/l.
Additionally,vthe cationic polymer seemed to settle quicker than
either the alum or ferric chloride. Suspended solids removal
using the anionic polymer exhibited a negative correlation with
coagulant dose very similar to that of the cationic polymer. The
anionic polymer provided the highest degree of particle removal of
all tests, with clarified NTU values less than 1 for polymer doses
in the range of 1 to 8 mg/l. However, it was not as effective on
‘the top samples as waé-the cationic polymer. Illustration of the
coagulant dose-turbidity relationship for the four coagulant aids
used in this study is contained in Appendix I.

It was determined that the anionic polymer displayed the best
overall effectiveness and did not require any base addition (as
with alum) to offset the polymer addition. Therefore, the anionic

polymer was thus used in the follow-on treatability study.

FOLLOW-ON TREATABILITY STUDY

The purpose of this project was to further evaluate treatment
of the wastewater from the Naval Amphibious Base Little Creek
steam plant with regards to implementation of the anionic polymer.
This study consisted of four phases. The first phase consisted of
; further characterization (pH, total suspended solids (TSS), total
"volatile solids (TVS), turbidity, ionic strength, and a chemical

analysis) of the waste water. The second phase consisted of

(A
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evaluation of the anionic polymer's coagulation effectivequg with
regards to pH changes in the wastewater. The third phaselﬁ‘
consisted of evaluating the effectiveness of the polymer with
regards to variations in the velacity gradient during the
flocculation process. The third phase of this project consisted
of mixing the top and bhottom wastewater samples in various
proportions at a constant pH level and constant velocity gradient
to analyze the effectiveness of the coagulant aid when top and
bottom ash waters are mixed in various proportions before
treatment. A description of the test methods is contained in

' Appendix II.
PHASE I: CHARACTERIZATION OF THE WASTEWATER

Water samples were collected on 25 February 1991 from the
ash-silo at the Naval Amphibious Base Little Creek. It was
noticed that the samples obtained by URS Consultants in January
1991 were obtained from a manhole approximately 70 yards northwest
of the steamplant and that the manhole also had influent from two
other sources. Therefore, it was decided to obtain the samples
directly from the ash-silo to better assess the wastewater in
question. The samples collected represent water containing fly
ash (top samples) and walter containing bottom ash (bottom
samples). Appendix I contains the characteristics observed fo;
the top and bottom water samples.

It was observed from the data that the bottom sample had both
'f%‘a higher pH (pH = 5.93) and a suspended solids concentration (TSS

R <
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= 2482) higher than the top samples (pH = 3.03, T33 = 515)&.‘There
also appears to be a difference in the type of particles ind
suspension between the top and bottom samples - it was observed
that the bottom sample had a "milkier" appearance while the top
samples were more black in color. The top sample had a
significantly lower pH while the bottom samples displayed a much
higher turbidity and contained significantly higher concentrations
‘of total suspended solids. In addition, a visual inspection of
+the untreated water samples by micrascope indicated that the
;particle size range of the ftop and bhottom samples ranged from 15
\um to 100 um with the Lottom samples containing generally larger
sizes and larger concentrations of particles. This relationship
seems to reflect a greater proportion and greater concentration of
larger particles in the bottom samples relative to the top
samples. The chemical breakdown and conductivity analysis (see
Table 1) of the top and boktom samples serve to reinforce the
lower pH values of the top samples. Russell (1976) derived the
following correlation between ionic strength and conductance of

widely varying composition,
u=1.6 X10 -6 X specific conductance (in umho/cm)

This correlation was used to determine the ionic strength of the
wastewater from the measured specific conductance, as shown in

Table 1. As previously mentioned, solution properties (pH, ionic

- strength) affect the polymer configuration in solution and at the

Ly

K

. i* intertace. High ionic strength (high conductivity) tends to cause

1

1

g tod

:@thejpolymer to ¢coil, thus decreasing the radius of gyration or

e
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TABLE 1

Top

.03

3

H

p
T

515.3 mg/1

SS

0.3 mg/1

Vs

659 pmho/cm

Conductance

0.010544

Ionic Strength

204 NTU

Turbidity (untreated)

36.76 ppm

Cl

2.27 ppm

NO3-N

225.24 ppm

504--

17.0 ppm

1.15 ppm

Fe

15 to 80 um

-Particle éize

L
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polymer selection requires empirical testing. In addition, thhﬁ;.

top and bottom samples exhibited distinctly different a1

N
3ol

characteristics, so the treatability studies were:conducted on%f'
both top and bottom samples separately as well as with mixtures:

with varying proportions.

PHASE 2: EFFECTS OF VARYING pH

As it was determined that the wastewater from the ash-silo:
varied in pH with time, it was appropriate to analyze the
effectiveness of the selected coagulant aid with regards to
variations in pH for both the top and bottom samples. The

anionic polymer displayed the best effectiveness for pH 3

v

values ranging from 5.0 to 7.0 for both the top ahd bottom sampiés
and that a dosage of 0.5 mg/] appeared to be the optimum dose

when treating the top and bottom samples separately. In general
the trend for the top sample was that larger doses (2.0 mg/l) Qf

the anionic polymer worked better than the other doses at the i@
e

lower pH values. As the pH value for the top sample increased to
l

around 7.0, the required dose of coagulant dropped to 0.5 mg/l“h
The effectiveness of the anionic polymer did appear to diminishi

with a further increase in pH to values around 9.0 and greater.:
For the bottom sample, the anionic polymer appeared to be more '

!

effective at the lower pH values than it did for the top. The '}

trend for the hottom wastewater indicates a SJgniflcant loss 1n i

eff{ctxveness for all doses tested at pH values greater than 7. 0

The results (Figure 6) graphically represent the effectiveness of

15




Figure 6: NTU vs pH
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the anionic polymer at «a dose of 1.0 mg/)l on the top and bgttom
samples - it 1is apparent that it looses effectiveness at low-pﬂ
values (less than 5.0) on trealing the top sample yot
significantly looses effectiveness on the bottonm sample at pH
values greater than 7.0. Similar results were ohtained with

dosages of 0.5 mg/1 and 2.0 mg/1 for hoth top and bottom samples.

PHASE 3: EFFECTS OF CHANGING VELOCITY GRADIENT IN FLOCCULATION

It i important to promote particle aggregation for
colloidal particles and to optimize flocoulalion rates through
mechanical mixing. The impacts of various velocily gradients on
flocculation and 1ewoval of coalash were analyzed; methods for
this phase of analysis ave contalned in Appendix TIT and Lhe test
data is contained in Appendix ITI. The test data (see Figures 7
and 8; dosage of 0.5 mJ’/l 1& representative of effect of other
concentrations for Lap and bottom samples) indicate an increase in
removal efficiency for all dosages being considered (for both the
top and bottom sanples) wilh increased velocity gradient over the
range tested. TFigitres 9 and 10 graphically represent the results
of using a velocity gradient of 80/:qe¢c for both wastewaters. In
addition, the optimun donage appears to be 0.5 mg/1 in both cases.
From a visual analy:iis, the size of particles assoctiated with the
teats run at 80/sec were smaller thon those of lower velocity
gradients. Therefore, it 1o apparent that althongh the increased

*power applied decreases paticle sces due Lo increased shearing,

16
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Fig 7: VELOCITY GRADIENT ANALYSIS

Top Sample, pH = 7.01, dosage = .5 mg/l
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Fig 8. VELOCITY GRADIENT ANALYSIS
)

Bottom Sample, dosage
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- Figure 9: TEST #9
TOP SAMPLE, G = 80/s, pH = 6.97
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there is an increase in particle interaction thereby incregsing

the removal effectiveness of the coagulant aid.

PHASE 4: EFFECTS OF VARYING WASTEWATER MIXTURES

The flow of wastewater from Lhe ash-gilo 1s auch thak
approximately 30 gpm for approximately 15 minntes is the top
sample followed hy a 9 to 10 minute 1ull (no flow) and then a 1%
to 20 minute period of hattom-ash wastewater flow. As such, a
continuous flow Lype operation may not he economically feasible.

. Therefore, a holding Lank to receive all of the wastewaler from a
draw—down evolution and then treal this wastewater as a hulk
mixture may be pousible. Therefore, the wastewater was analyzed
in top to bottom ratios of 0:100, 25:7%, 50:50, 75:2%5, and 100:0,
which would represent the range of possihle mixtures, for a
standard pH value of 7.00. Figure 11 dgraphically represents the
results of the analysis for a coagulant dosage of 0.5 mg/1. It is
evident that when comparing the mixtures of 25:75, 50:50, and
75:25, as the amonnt of tcop sample 1s increased in the mixture,
the effectiveness of the coagulant dose decreased. However, at a
100% solution of top sample, the dasayge appears to be quite
effective. In addition, the dosage 1s moderately effective on the
0:100 mixture. Apparéntly there i a reaction taking place
between the top and bottom samples whicrh reduces the effectiveness
of the coagulant aid. The determination of the reaction taking

place is beyond the scope of this report,
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DISCHSSTION AND SUMMARY .

Based on the test rerpdts, 11 is determined that the anionic
polymer is most effective for the wastewaler heing tested. A dose
of 0.5 mg/1 is recommended for a pH adjusted to approximately 7.0
and with a velocity gradient for flocculation of 80/sec. As the
wastewater flow from the ashi-ailo ie appraximately 30 gpm for a
duration of roughly 15 minntes for the top and 135 minutes for the
bottom draw-down evalutions, a countinuous flow system could be
utilized.

llse of the anionic polymer with a flash mix/flocculation
module of an inclined plate separator is an option for treatment
of this wastewater. This wonld allow for the removal of the coal
ash as a sludge. Package unit gseparators are available with
various features from shudge Lhicleners, to reduce the amount
of coal—-ash, automatic chiemical addilion systems, which add the
proper dosage of the polymer, attomslic¢ pHb adjustment systems, and
separator covers, to keep oub rain and dust particles. Cost of
inclined plate separators wonld be in the range of $50,000 to
$75,000 - not including eqpupment installation costs.  Similar
systems: are currently being nsed by large coal burning power
producing facilities thronglicont the country.

Some sdvanlages to wal ewaler trealment include

- Lthe exisling coal ash remcval systom would not reqguire
upgrading
the coal ash can be successfully removed without

involving a labom antensave procves:

18




- the cost of the unit 12 yeasonahlae low

Gome disadvant ages of wastewster treatment include:
- maintenance of the wnnat
putchaze and yesupply of the coagqulant aid
-~ rewoval and dizposal of the coal ash aludge
pipe alterations to the asli-z1lo wastewater discharge

system would be required to to install the equipment

19
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Fly Ash Removal Utilizing:
Cationic Polymer (Percol 763)
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Fly Ash Removal Utilizing 4
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APFENDIX 11: METHODS
Fhase [: Waslewalber Characlorization

Tesltls for determining Lhe pll of the wastewater samples were
conducled using an Orion Fescarch Digilbal, pH/millivoll meter,
L

Model 611, Calibrablion of L eqguipmenlt was conducted using stock

phl solubions of 7.0 and 4,0,

Turbidily measa cmenbs ol Ehe aonlesaled samples were
conducled using stock Luarbidily solulions of 400 NTU, 40 NTU, 4.0
NTU, and O_q MNTU prepeo od pev Lhe poooocabures outlined in the

Standard Mol bods For The Toramina i of Wabor and Waslewator, 14th

wilition. Gguipmenl calrbrablion cond opeds lion was conducted per

Lhe owner "4 manual.

The Lewlo For delerwitoneg The Tolaol Husponded Solids and

Total Volatile Solids were conducted por Uhe Standard Hethods For

abon aned Hasbowal o, TATT ttion.  The

Caaminal von ¢

Fillers sed were Foeve Onge Crhoer glass Cillers, 5.5 em thiclk,
gurade 970 0L The wedgh didass ver o aduminnae witigh dishes, 75 mm,

by Firahear Prodocts,

Jar Test Operation

Fhase 2

Jur Lesls were condaclod by dnabyally pouwring 1Oo-1liter of
Ltop sample inlo a reacto; . Thoen, O Libers of sample were removed

and placed in 3 standard jor Leslt yeaclors (1-1iter each) and

Lhen placed on the gang slivrer . The main reactor sample was then




i

e g

anitated and lLhe pH value of Lhe sample was adjusted (byfaddition%g'
i

: i

bt
of NaHCOX) to a value of approsimately 5.0.  Afler this step, ‘#?5-
€ - ;'nl, i

-

- - S o e o STy . » IYL :
I-liters of sample were removed and placed in 2 standard  jar test’
i .y
reactors (1-liter each). These Lhree reactors were then placed
t
below the gang stirrer and Lhe stirver was buarned on to a speed of
t . ’ .
approximately 200 rpm Lo agilate Lhe samples while the coagulant |
»
aids were added (Flash-mized) . These sis reactors were then flash
* ]
mixed for approximabely 1 minube. After flash-mixing, the
gang stirrer was slowed Lo appeoaximately LD orpn for 5 minutes. '

"Then the mixer was Lurned off and the particles were allowed to

settle. Approzimately 22 wl sanples wero deaven from each reactor
ab 3, 15 , and 60 minute intervals Lhrough a tube connected

thrrough the side of each reactor. The Loube opening in the side 9F
cach reacltor was located 5 ce above Uhe boltltom of each reactor and
allowed the removal of clarificd waler wilh minimal disturbance of
Lhe reactor and its conbtonte. Fach 22 m)l sample was then
inmmediat oly measuared Ffor o bidilby neing o Hach Model 21006
Turbidimeter (hat was calibraloed daily (Lo Uhe range desired for
each sample) with standard sololbion 0f hosoamelhylenetetramine,
hydirazine sulfate suspension. Thon, Lhe sample in the main
reactor was adjusted Lo o pll o vaboe of approcimaltely 7.0 and 3
1-liter reaclor samples woere placed on the gang stirrer, followed
by Z-liters of sample adjusted Looa ploof approzimately 92.0. These
samples were flash-mized, flocealated, and sellled as above with

was repealted

tuwrbidity measwremenls takon. Ther abover paroeos
again using 10 liters of bhollom samplo (oxcept that the sample was
initially lowered to « pH value of approzimalely 3.0 using nitric

acid).

e TR I




Fhase 3: .
1"
+

Jar tests were conducloed by initially pouring 10 liters of
top sample into the main teactor and adjusting the pH vglue of the
sample to apprasimately 7.0 (by adding NaHCOZ) . AFter pH
adjustlment,, 7 1-liter volumnrs were mea%@rud out and placed in
[
standard jar Lesl reactore. Those v eaclors were then placed befow
Lhe gang slirrer and Lhe stivver wos Luarned on. The samples were
Flash-mixed for 1 minube al 2050 rpoowhile the anionic polymner was
added Lo each (doses of 0.5, 1.0, and 2.0 my/l). Following flash-
mixing, the samples were locoulabed {for 7 minutes at an rpmn of
approximately 735 rpm, afler which Lhe wiser was turned off and the
particles allowed Lo sellle.  Spprogimalely 32 el samples were
wilhdrawn from each roaclar ol 5, 15, and OO0 minute intervals and
imnediately measured for Do bidily using o Hach Model 21000
Turbidimeter. Three lilevrs of sasple fros Lhe main reactor were
then Lested as before wusiog o Flocondalion speed of 46 rpm and
measured Ffor turbidity followed anolher 7 Titers of sample at a
flocculation speed of approtimabely 24 rpme ALL of the above was

then repeatod Ffor 10 lilers of bollom sample.

Fhase 4:

Jar tests were conduclod by inilially pouwring 5 liters of
sample (at a mixtwre o 700 top sample Lo 207 bolttom sample) into
a reactor and adjusbLing Lhe pll value of the mixture to
approximately 7.0 (by adding NaHCOT) . Ofler pH adjustment, 1-
Liter volumes were measured aut and placed in standard jar test
reactors. The reactors were Lhen placed helow the gang stirrer

and Lhe stirrer was Lurned on to approcimately 250 vrpm for flash




mixing for 1 minute while Lhe coagulanlt aid was added in;O.S,

and 2.0 mg/1 douses. The flash-mix paoriod was followed by a O
minute period of flocculation al approximately 235 rpm, after wh{éh
the mixer was tuarned off and Lhe particles were allowed to settle.
Npproximately 32 ml samples were withdrawn from each reactor at 3,
15; and 6O-minute intervals. These ﬁampléﬁ were then immediately.
tested'Fur turbidity. The above tesls wore repeated for samples

of LOZL }mp/SOZ Bottom and 25% Lop/73%% bhotbom with turbidity

measurements Laken for each.




