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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 i. 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 discharge 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

ani-ionic polymer in response to changes in pH, velocity gradients

of flocculation, and various top/bottom ash water mixtures was

analyzed.

TNTRODUCTION

In January 1991, the Old Dominion University's Research

Foundation was subcorttract.ed by uRS Consultants to conduct

wastewater treatability studies on ,,i.-tewater 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. UP ConsutlLants 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 Amphibious '3se Little Creek has been experiencing a high

level Of suISpende-d Sol idS in its wastewater and consequently, the

base is paying some very severe surchavrges to the Hampton Roads

Sanitation District ClIRSD) to treat the wastewaters from various

outfalls. Through some exhau!stive fit-lid investigations by IJRS

Consultants and Little Creek personnel, it was determined that the

coal ash present. in tlit ash--silcn wa:.--te water is the primary

constituent suspended in the wctter a~nd thus is causing the

p~rohlem, at leasIt I- o~ne lift station evaluated. The wastewater

from the ash-silo) i.- the result of (lr,-w--down operat ions conducted

on thbe act ive boilers during each 8-hou)Lr Shi ft at the steam plant.

The ashes are remcvtel first from the boiler by the uso of

mechanical stokers arid fal11 into- a grit chamber . Then, the top

ashes (fly-ash) are pulledl throilgh the use of domestic water being

sprayed into the cibraI id then approximatelIy 15 minutes later-

the bottom ashes a-re pmil led. The tor) and bottom ash removed is

p umnped w it h wa te i 'i ii I (. ce (--n t ri f u ga I -sep)a r atLor wh ic7h r emove s th e

large ash particles from the water and thben allows3 the wastewater

to flow by gravity to the sanitary sewer- system. The larger ash

particles fall initu the silo whichi is emptied oncet a (lay and

hlied to a9 sanit-ry 1,i-ndftill by a comnmercial cnntractir.

CO~M3I)LATION AND 'SEDIMENTATION

Before the resuilts of the 7inolysi~s c-an be presented, it is
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necessary to first discuss the concepts behirnd coiagulation and

sedimentation.

Virtually all water sources contain perceptible turbidity.

As the terminal settling velocity oif particles in suspension is

related to the particle size, it is obvi,_-,us that plain

sedimentation will not be very efficient for the smaller suspended

solids. Therefore., the aggloinerat ion of particles into groups,

increasing the effective size and therefore the settling

velocities, is pos;:ihle in- some instances. This process of

agglomeration or aggregation is termed coagulation and is

considered as involving two separate and distinct steps: (1)

particle transport to effect interparticle contact, and (2)

particle destabilization Io p:)er'mit attachment when contact
(2)

occurs. 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 co ntacts; the selection of the

type and dosage of coagulant is based on a cons ideration of

particle destabilizat..ion. The de:sign rof the overall coagulation

process must provide for both of these steps.

Particles in the -o lloidail size range, however, possess

certain properties t-tt prevent ,igglomeration. Surface waters

with turbidity ro silt ing from '.l loidal particles cannot be

clarified withbout sptcial treatmtfrnt.

Col loidal s.1spens icns t: rt dt, riot agglomercale nattrally are

called stable. The most important factor contributing to the

3



stahl ity of col lroidlct I ,'iiipensions is t.hct exces-; ively large

5sL1vace-to_--vo 1 Iufe rd .0- ic r-es I It I [ic f~ln t-h. 1 r- Very Sll size

Sur face phenomfenci pruedtrruncte over mass phenomena. The most

important surface pheno)riienia is the accumulation of electrical

ch -ivges at the 1),irti el e sur face. Med eculIar arr-dngement within

cry-Aa is, 1 os--s of (111 I'Js dueC te arc nfte Ou aeer othiel

factors may resul V in the -urfaces being cha--rgjed.

Ions co-ntained ill the- water ne,:i tlit colloidt will be af fectedl

by the charged Silt fIt- A negi t i vo' y crhitged ce 1 10i d wi th a

pev-s-' ibie uon f igu r.i io tfl-'f ionis 1t rdit. i_- shown in F igure 2.

The first 1 ayer- of cti iha .1,:t tIl to th1 e nega tivyelIy charged

sutrface is lhwiin(l' I(. tht- colhI' I onel will travel to it, shouldI

displa ceme nt of thie ced, II d re lit i e to th e wa ter o--ccur . Other

ionS- in the vi .tui ty t( f the ce' I I i-I arrange themselves as shown,

wi th great er- roncentirittio.ns Of [p05 it iye , 01r counter, ions being

closer to the colloidali surface. The arrangernent, produces a net

char-ge that is strongjest: ait tite boundary layer and decreases

exponentiallby with dPi aOrtce from the colloid.

When two rc l loi dis c-.omet in i 'cprnx irmity there are two

forces actIi n( on tlie-n. The r-i O-t nos ~t it-C potent- i a I created by I. he

"hal o" of counter i~jv ''s 'Ilrollndl ng each co 1 1 Ioid reacts to repel

the particles, thiii;--irvent ing co-ntrict. The second force, and

aittract ion for-ce cal led the v -iui d-r- Waail_1 Force, supports contact.

This force is i nvevce I y propcor iona I to the sixth power of the

di stance between tht. cdyticIe ind *i?i s de Fcmys oxponent i ally wi thl

distance. It decreastes, m':'e rap-.idly than the electrostatic

pojtential , but, is Jic onejer ot. close- cistorices . The sum of the- two

4
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forces as they relate to one colloid in close proximity t9 ,apother

is illustrated in Figure 3. As noted in the figure, the net

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 attractive, contact between the particles takes

place.

A means of overcoming the energy barrietr must. be available

before agglomeration of particles can occur. Brownian movement,

the random movement. of smaller colloids because of molecular

bombardment, may produce enough momemtun 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-sied 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 by

gravity settling.

Chemical coagulation can be accomplished by the addition of

trivalent metallic salts such as A12(SO4)3 (aluminum sulfate) or

FeCI3 (ferric chloride). Other ccagularnt aids exist such as

silica, cationic polymers, and anionic polymers. Although the

,exact method by which coagulation is accomplished cannot be

"'determined, four mechanisms are thought to occur to destabilize
: ' '(5)

.I collolds. These include ionic oi- double layer compression,

~I ~ 5
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adsorption and charge neutralizatiort, entrapment in a flocculant

mass. and adsorption and iriterparticle bridging.

Double layer compressionl:

The quantity of ions in the water surrounding a colloid has
(1)

an effect on the decay function of the electrostatic potential.

As illustrated in Figure 4 a high ionic concentration

compresses the layers composed predominantly of counter ions

toward the surfa,-1- of the colloid. If this layer is sufficiently

compressed, the the van der Waals force will be predominant across

the entire area of influence, SO 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 adorption and charge

neutralization. M' Ktl hydroxides and synthetic organic polymers

(polymers)can be used to adsorb on particle surfaces to reduce the

negative charges .Al the pal-ticle sinrfare. This reduction in

surface charge thereby reduc,s the electric" potential, or energy

needed to bring a like-charged particle to a particular distance

from the charged surface ( i.e., a reduction in the repulsive
(l)

forces of the particle). This process could in effect neutralize

the surface charget of the particle. Once the surface charge has

bee:h neutralized, t,h- ionic cloud, or double layer, dissipates and

the electrostatic potontia ,disappears so the contact. occurs

6
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freely. Overdosing with coagulants can result in restabilizing

the suspension. 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 is a metal hydroxide that forns 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 upon
(2)

pH.

Interparticle Bridging

1r idging mechani.S.mS a:;stic:ia ted with polymers are complex and
(2)

have not been adequatily doscr.ribed analytically. Schematically,

when a polymer molecule comes in contact with a colloidal

parti(cI ,., some of the p| ,lymor chains adsorb at the particle

surface, leaving the rena id#r of the molecule extending out into

solution (Reaction 1 in Fiqjin-e 5). The remainder of the polymer

is available to absor], ,:,n i urface sites of other particulates,

thus creating a "blridge" bO.ween the surfaces (Reaction 2 in

Figure 5). If the extendeil [olyrner cannot find vacant sites on

the ,urfaces- of partiti' ,t no biciirig will occur and the

7
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polymer may eventually ads,_urb on other sites of the original

particle, so that the polymer is no longer capable of serving as a

bridge (Reaction 3 in Figure 5). Thus, there is a maximum degree

of coverage or extent of polymer adsorption at which the rate of

aggregation will be a maximum.

Because polymer bridging is an adsorption 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 and

aggregated can be restabilized by extended agitation, due to the

breaking of polymer-surface bonds and the subsequent folding back

of extended segments onto the surface of the particles (Reactions

5 and 6 in Figure 5).

Anionic, nonionic, and cationic po'lymers my function as

bridging polymers; however-, anionic and nonionic polymers are more

widely used due to inherently higher molecular weights.. Increases

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
(1)

the polymers to coil, thus decreasing their effectiveness.

Therefore, polymer selection requires extensive empirical testing.



Jar Tests for Optimum Coagulant Dooage

Coagulation is not yet an e(xact science. Therefore,

selection and optimum dosages of coagulants are determined

experimentally by the jar test instead of quantitatively by

formula. The jar test must be performed on each water sample that

is to be coagulated arid 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 six jars is filled to the 1-L mark with

sample water whose turbidity and p11 have been measured. Generally

the test consists of a rapid mix phase (high mixing intensity)

with simple batch addition of the coagulant or coagulants,

followed by a slow mix period to simulate flocculation. After

flocculation, the mixer is switched off and the flocs are

allowed to separate from the water and samples of the clarified

water are taken from the containers. Turbidity or suspended

solids concentration can then be plotted as a function of

coagulant dose.

In addition to performanice, 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
1 114 (2)

problems. Because of the m0any available coagulant-polymer

C)



combinations, a preliminary cost analysis is suggested to 03elect

viable combinations for jar 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

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

of rapid-mix units and flocculation units. Interparticle

contacts, like particle destabilization, can be accomplished in

several ways. As Brownian motion (perikinetic flocculation) is

not usually effective, agitation (orthokinetic flocculation)is

often used to increase particle interaction. In such systems the

velocity of the fluid varies both spatially (from point to
(5)

point) and temporally (from time to time). 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 nf 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

exhibit rapid settling.

:1;
INITIAL WASTEWATER TREATABILITY STUDY

Te initial study conducted by Old Dominion University

II10



focused on ana.lyzing the wastewater in the environmental

engineering laboratories for ash removal by coagulation and

sedimentation. The study was conducted in two phases. The 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 coa] ash in these waters. The wastewater

samples used during the study were taken daily for one

,week to ensure that a variety of coal ash conditions were

,evaluated. Samples of both top and bottnm ash were used in the

analysis. The four coagulant 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-l:tirrer set-up. Coal ash removal was

quantified by turbidity 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 exhibited substantially poorer

results when compared to the alum. Turbidity removal using the

cationic polymer exhibited a negative relationship with dose, with

the lowest turbidity measurements observed in samples receiving

lower doses. This relationf:hip suiggests that at the higher

polymer doses, "over-dosing" occurred. It was also observed that
K4 the cationic polymer was mo-e effective at removing fly-ash (top

j5sample) than the bottom ash. This is in contrast with the results

AI



from the use of alum and ferric chloride. Overall, the cap4onic

polymer was substantially effective for the top and bottom samples

as long as the dose was in the range of 1 to 2 mg/l.

Additionally, the 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 I to 8 mg/l. However, it was not as effective on

the top samples a-; was 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 TREATABTLITY 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

.... 1.2{ ,



evaluation of the anionic polymer's coagulation effectivenss with

regards to pH changes in the wastewater. The third phase.

consisted of evaluating the effectiveness of the polymer with

regards to variations in the velocity gradient during the

flocculation process. The third phase of this project consisted

of mixing the top and bottom 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 sample:s collected represent water containing fly

ash (top samples) and wat.-ir containing bottom ash (bottom

samples). Appendix I contlains the characteristics observed for

the top and bottom water samples.

I4 It was observed from the data that the bottom sample had both

a higher pH (pH - 5.93) and a suspended solids concentration (TSS

AK 13



- 2482) higher than the top samples (pH - 3.03, TSS - 515)0, There

also appears to be a difference in the type of particles in

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 v.isual inspection of

the untreated water samples by micioscope indicated that the

particle size range of the top and bottom samples ranged from 15

um to 100 um with the bottom 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 bottom 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 X 10 -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 configutration in solution and at the

.'*interface. High ionic strength (high conductivity) tends to cause

'the polymer to coil, thus decreasing the radius of gyration or

14
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TABLE I

Top Bovtom

pH 3.03 t

TSS 515.3 mg/i 2482;.6 mg~1

VS 0 g 0.2mg/lif :1

Conductance 659 jtnho/cm 217 pmocm

Ionic Strength 0.010544 O.QQ03472

Turbidity (untreated) 204 NTU 72' NTU!;';'[

Cl- 36.76 ppm .15. 82' ppif

N03-N 2.27 ppm (,P6pI

S04-- 225.24 ppm 243'pr~~

17.0 ppm 1 PM1

Fe 1.15 ppm 08:pp[

'Particle size 15 to 80 pm 30 110"



length of extension. Because of these complex interactions,

polymer selection requires empirical testing. In, addition, thJ

top and bottom samples exhibited distinctly different

characteristics, so the treatability studies were,'conducted on

both top and bottom samples separately as well as with mixtures.

with varying proportions.

PHASE 2: EFFECTS OF VARYING pli

As it was determined that the wastewater from the ash-silo

varied in p11 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

values ranging from 5.0 to 7.0 for both the top and bottom samples

and that a dosage of 0.5 mg/i appeared to be the optimum dose

when treating the top and bottom samples separately. In general,
t

the trend for the top sample was that larger doses (2.0 mg/l) of

the anionic polymer worked better than the other doses at the !.

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

around 7.0, the required dose of coagulant dropped to 0.5 mg/l.

The effectiveness of the anionic polymer did appear to diminish

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 bottom wastewater indicates a significant loss in.

effectiveness 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
dosage: 1.0 mg/I
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the anionic polymer ait 171 ( 11)-e (-If 1 . C' g/I (:nI The tIp an-d bqI:ttom

samples - it is apieitift -it~Ice ect n ':t locw PH1

values (less than 'r .0) (-t tieats inj lt e L sata-p]e yzA

sign iif icatl y 1 is.- cctivt ei n the both[ orn -iarrp 1 e at pill

values greater thati 7.0. :3 mil ar iesn i t:- were obt a iried~ with

dos3ages of 0 .5 mij/ 1 anrid 2 .0 rag,' f(-t hoti top, and bot tcim samples.

PHA~SE 91: EFFECTS OF CHAIAWING VFIf)}CiTy ('RADIFNT IN FLOCCULATION

It. i,; impo.rtriant t(- jiriiniott [),it Ic] .g~ea ion fua

coll o idal1 pa r-tiI t nitii t" C-pt m cf I oc culat icon rat es tir-ough

mnerhan ica Iml>: i rig . IT ie ijit fvr I ye 1'''i t y grad ien ts on

flocculation and ttivi('' of rri I ce. werle .- ncly'zf.'1 Imetlods for

this phase of arialIytnin i coni-dined fit Appendix T and1 Lhe test

data is contained in Appendlix ITT. Thie test data (see Figures 7

and 8; dosage of 0., v g. ~ epV-trt e o-f effect cif oither

concentra tions fol . 'pinl m m ),Aowt :m ~ ind catfe an intcrease in

r-emovalI effti ci ency for -il I I Iot--: 1 e inrg cc'rs idereci ( for bothb the

top and: bottom sanih t. w i 11i vw~i-~ eloc it y gr-ad ierit over the

range tested. FIgres0 a11 Ct g -iojib icall1y r#-present thef resuLl tE;

of us ing a yelIoci~ty gii li-~nt (-f flf(Ift- hot.h wast1ewtcerS. In

add it ion, the opt. wmi i J [ipeit to 0 1it 0 .5 intg!l i n both cases ;

From a visual ill,!is S . i7:-~ '-4 p-il [ n.I associat;ed With the

tets run at 80/sf-c wi-r- :;irhii 1 i 11.1rtI 1s of 1'-wfer velocity

gradi ents . There f, t e iI i a ipp.-irt-nt IIhit alfb ii tg t he: i nreased

po'wer- appi ie(1 el ~s~ -p.tt viie:; bt, L(, icreased shearing,



Fig 7: VELOCITY GRADIENT ANALYSIS
Top Sample, pH -- 7.01, dosage .5 mg/I
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rf O& I A I~ X __ f MIFig 8: VELOCITY GRAUIEN ' AAL Y Z5
Bottom Sample, dosage - .5 mg/I
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Figure 9: TEST #9
TOP SAMPLE, G = 80/s, pH = 6.97
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, Figure 10: TEST #12
BOTTOM SAMPLE, G = 80/s, pH = 7.0
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thlere is an incre in partir:1e irit.pr,:ct ion thereb~y increfsing

the removal ef fect iveness.. ot the (c,tgilant aid.

PHASE 4: EFFECTS OF VARYTN(; WASTEWATER MIXTURES

The flow of wai-ttCwitt t- fromr t& 1v :h Cl~I uch that

approximately 30) !_jrpr foDr djr n- L5 minulhtes~ is tho top

sample followed hy a 5 to 10 r-intc- lull (rno flow) and then a 15

to' 20 minute pent -(1 of I ~maliwseae flow. As such, a

ccont inuous flow type opeiat ion imet>' Iot. lit eConomiical ly feasible.

Therefore, a hold in~j t.cl tr t-ceiv- all of the wastewai-er from a

draw-down evoluticin and then lieaf. U~iis; wastewater- as a hulk

mixture may be po-is ible. Therefore, the wastewater- was analyzed

in top to bottom ratios of 0:100, 25:79), 50:50, 75:25, and 100:0,

which Would repre!ie-nt the range of possible mixtures, for a

standard pH value of 7.00. Figruit: 11 graphically represents the

results of the ancilysis f,-r a cajitlari: dosage of 0.5 mg/i. It is

evident that when comyparing the mixtures of 25:75, 50:50, arid

75:25, as the amoitnt, of t:c-p sairiplc is increased in the mixture,

the effectiveness of the coagitlant (loise decreased. However, at a

100% solution of opsari)1 e , the dcs~eappears to be quite

effective. In addition, the docseige is moderately effective on the

0:100 mixture. Apparently her,- i- a reaictioni taking place

between the top and bottom :-samples3 whirh reduces the effectiveness

of the coagulant iid . Th& ee - i o of the rea~act ion taking

pl ace is beyond thie scope of ti:- : rtport.

17



Figure 11: TOP: BOTTOM RATIOS
dosage - 0.5 mg/I G 20/s
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TtaSed onl tli tet. e:: It 0t i! deL e-rui ned that the anionic

polymier is mfost effective! fupr the wastewater being tested. A dose

(:f 0.5 mg/1 is recomniendird4 fri a p1-I --tcjuSt:o'1 to approximately 7.0

and witLh a vol cci ty gi ad i ent for f 1 c-ru Ia Lion of 80/sec . As the

waStWiAter flOW fYrl U10 Lii ! _ io : a ppiox i mate ly 30 gpi for a

durat .1 n of roughly 15 miniip nt for t he top and 15 minutes for the

bottom draw-down evre 1 iLt.0i:r. k- cotfi naioa t f I OW system could be

ut ilIi zcd.

Us e of i he anionic p-ilytie with a flas.h mix/flocculation

mnodulIe of a-n i nlineI p-.1 ai7o sepawrait or i s an optt ion for trea Linent

of thswa!::tewater. This woul1d al low for the removal of the coal

ash as -a sludge. Packatje unit-sjarti are available with

var a 'us feait rc s f ro(-rii i uIgo .hicc. to teduce the amrount

of co-a 1-ash., ant omiat inciiiiic atdIcion stemwhich add thle

propel1 dosiluje of the polIylli~rIa tmt pHT id justmen L systems, and

separ-ator covers , ti, keep ii i ih 3j)( an dut p-art ici es . Cost of

inclinerid plilt.E eSepara Lo!:~ w' -il1( ]). in thle ra ige of $50, 000 to

$75,nocWi - nt incl1udinug eli piient. i n:.3 La 1at Thin costs. Simni lar

:sys tei~w: (Are( i'ur ent 1y b,,,iiij Ilr ' y 1 ii ye c' a burning power

pi(:)luci jng fa: ,.iliieis f-Iii-i-iijiout the ouii1t)ry.

~.iraeulvriag#'~ c, ~iI eal 3? l1ea ilinen! inuclude

- IA e xiotdinrg coal sit.Ot i~I~yI ci would c not require

the coalI aSh 'a-d i urls full rinovecl without

inivoilvi ng a 1 a boi n1 t ensiv ye *)'# !1



Sr~me 5- a '~d'2itr ago cI vlaF orw1 t or V m.r I ie n t i ric 1 ude

-- ma irit en.-ince c, I' ti I i t

-T, aI1 :i:t atl 1r- j 1 )f .Ii- 1-clact' 11 a t a ii

- 1 ':iiii'' j. 1,a a 1 _f f] ),cc s cg

pJii pe aIt! ora~ I, i)I rI - t c Is 0e o.O - 1i,, wcl. -te'wa Ler d ischarge

syst. fljl would bie r eq lii ed t i 1 tc i:;1all the equ ipmnent
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Fly Ash Removal Utilizing
Alum
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Fly Ash Removal 'Utilizing
Ferric Chloride
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FIGURE 4A.

Bottom Ash Removal Utilizing
Ferric Chloride
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Fly Ash Removal Utilizing
Cationic Polymer (Percol 763)
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Bottom Ash Removal Utilizing
Cationic Polymer (Percol 763)
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Fly Ash Removal 'Utilizing.
Anionic Polymer (Percol 727)
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FIGURE 6A.

Bottom Ash Removal Utilizing
Anionic Polymer (Percol 727)
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APPENDIX 11: METHIODS

Phat;se I: Was L wa t~r C Ir' Ial

Te! .iL s fr de.L -n-inknii~i lho . I 1)1I F 1.f L ''J %, >i I: cL2vc L er sampl1es were

'1f)Ide 1 1) 1 1 - - 1.)FI~1 . in 1.11w~ IUIJILIi: iAY u idL(ctuci usinrg stoct.:.

cojtiti L~i. uUi oy ~ucI. IA Il (L' ~ ti.i)F 4t'(. NTU. 40 NrU. 4.0c

NTIJ. amd 0i. i vu,1 ~'~ pi 1, iii I : iPuI: .. I.i rluld in th

1Iulaw 11~~ co]. i.n I I lii cll i- IIi ,)Ci 1 ticfpI idsc e er

Fol-a 1 V:) 1 a 1i: Solik o WP o . on; I CI I I n h.- S La idA rd Methods Fat-

F! .11.:.J nI .i w .I. wr -1 o c 'Jit 1,11 f 111"'i , I( ' ll ,- Vsi I I (. I:, I i.Lii5.5 cm thi ft

Jar TesL Operation

tot) sample i nb-i a Il J I, I :I, Idi !i L) F u C ul 1 e were rem~ooved

aiid p IacI inr sLaiii-d.At d ::i (i~I g it Iut (--li ir each) ;and

L I ir i p1 aI;c'. c ai L 1 w yan i ;.. i I if I In .1 c L ur samip 1e w as t he r



nqitated and( Lhe pH- value uf- l.1w' sampIle was tJad Cjusted (by. additio~

uf NaHC03) to a value oF ,p.:ron.imly. i.y 5,0. AFter this stepm TI'

3-1 i Lets of samp l1e were ,r"vmuv vd ,.. ,d p lac:: I-c1d. ri 3 standard jar testy

reactors (1-li .cr eaclh). II:,se. t.hree: re =::lor 'z were then. placed

below the gorn ,gtirrer a, l I.It.e an the .stir'rer wasiiurned on to a speed of

approximately 250 rpm Lo agil..,i Lo L Ith 'sa.mp.l] s while the coagulant

aids were added (Flash--m.i.x :d). These ' rsi react.ors were then Flash

mixed for approximal:t'] y I min"ilo. AfLtu..r flash-mixing., the

g an st ~Lir r er wa.s slo Cwed Lu oppr) oxi.tul I ?Iy 15 rpe'~m for 5 mi nutes.

Then the mi'er was tu r ed:l Ff an th(.1 ar l: i[c)l-:.i.: 1-s were allowed to

settle. Approximatzely ii2 II. ml I. sample .wr dran From each reactor

aL ., 15 , anJ 60 minulti ink..erval thro. Lluug.jh a tube connected

Lhr'ouglh the.. Oxde oF each:l rec:, lo :r, Thev ltube. op.en rinlg in the side of

each1 r ea~cLur wa lcate 5 ~ im a brvcp I ho. hbottomu of- each r eactLor and

alluwed the removal of: c:l,.i.F:ic'rl w, ter wilh minimal distur'bance of

IIe reactLor a .Id it s c(. LonL(. .l.,. I.'.. ml smll.e.: was then

imlmudi al y m uvl(t.I;,d flo Iilh !;il I y tri N.', MhIach Model 2100 1

T r I.i dimIie r t.hat l Wa-U I.s 1 Iaibl'aI'd dai I (L". I h range des ire-d .forj

e~ach sampile:) with s5LandaIv(. q"i'ion 6~F ItomuitcLhylenetetrami ne,

re.actor was; .A(.j..iO(J I:n .. i11 .'t K" H ol "I apro:imat:e .y 7.0 and 3

I-l itLer react or sapo wf'S p(I laced on~ I~ hgangdl sti .rrer, foll Iowed

by 3-1il:reIrs mir 5.;,Imrll .sle j Idjn. ,., l a jll -.11 ,.apro'ximately 9.0. These

sampls werv Flvh--mi;;nd, fl F . aI. - d,1-. ( I a.nd.. ,PL d as above with

turbidit:y me2a.remr '. al::an. II;Th .. 'l vt lj , u..ss; was repealed

again us irng iot it s "-r ho!I am p i- (W:g.Ppi that the sample was

initially l ower ed t. a pH vaIl."Put ".F a:;plr'0.e'iW;:l. ! 1.y 7. 0 using nitric

a: id).



Phase ;

Jar LeI.;tIs Were c(:nli..L.'!1 by iii.t L i-.1 y pour ing 1i.) 1 iters of

I up samiple i nto thle ma i r) 1 ca. C) or '% I I4. cA CI .j Ll" rig~ nt he pH v alIue of t he

.iA flp If' to tppruX i mfa Le [.1 y .4(i''~ i i Nal iIIf",C) A 'fter pHI

adjustImunt. 7 1 -li ter vcl Im' vcI rf. fli*2';ur(,d outt and p1 act.e-d i n

stanida~rd .j ar IcesL t a ;o .- II i'....In~ ieLhen pl1al cd belIow

thie qaig s'i ir rer an1d I.Iu -sL. a' t wi,- 1..Atiic (if-). The samples were

fl'iAS1--mi xcii For 1. 51144.L d F(1) tj.)i4 v'i iii U ~ hc anionic polymer was

added Lcu e.c Ii ( 4.It3-;2, :)U C (4. 1. .4 C 1) 11I d . C)1 4il / 1. ) Fc) 1 low ing fl1ash-

1m. x i 11c . t h-2 -sa I f]. I~ E-3 J .t fl. 144:11.41 alA!4.I I f 4 U uLes aLt ant rpm of

appr u x i at 2 1y 75J r-pm a F1-- w. hIo.i c:.h Lh Ie i I 2 was t LIrried off and the

I i- Lic. I es a. 1 i. u w tJd Cc) ! iaI, L I o.,.. ( t1.)4r 1) V- (I 'iil .1-. y 3 2 111 samplIe s wie re

w I L hdt-wr I F Ut(ifl c. I I r c'ac 1. 1.o 1 j 11 5 ? .15- i.1 4("i m i-i-ute intervals and

immed4.i atel 1' cIt!au(r.t-cI f7 ) II .m4 li .i t-I i. 4.4 si.4. a HaI chtl Mud4l 2100o-~

Ttutrb i d i mcU2 I. e± i rnite! I i 1.24- (.of :amplc h 4 i I h main~ reactor were

the IlLr ICsted. as L4efurI- iri j . ' . I ..L4.4.a .'41 ed of 46 r pmi and

meas-i.red fut turbidlit .y fl i.imit'h(I a-II 14 i UCers of samplie at a

f-i UCCIi ati jll4!p4dU~~4. iii. eI , 1141. All 11of- Lhe abcovt was

thein t421.44atc4:d Fout V1 . ito.i ( ~IF .4 L(44 ]

Phase 4:

J'Ar tf -S7Is wet e : 1cllti it . r.11 toy inLf.i I 41 I.y pour inrg '- lite2r s of

samipl1e (at ai in iixLure 7'5"" 14 .Adlilc 1.( '2Ii 5T bottom sampl1e) into

a real: taor A1 id ad(jULI CilK UI4jlf .1 va ti-1, C: 1:11 c' m i Urp to

approximately 7.0(: (by add i. ivj N.-MCO17).(I-Ie' I.Al adjustment, I-

liter volfiP umswere nia ret i. andt p1 atret( in standard jar- test

f. eac t(Ir S. The t-eacl oi-q wcert Lh. li jil,Am heI1.2low the gang stirrer

etnd Lihe sti r rpr was Li.'t i iftI 011 to' 1.'0c; . (W444I el 2504 rpmn focr fl1ash



mixing for 1 minute while tE .Liu LagulanL aid was added injO.5, 10,

and 2.0 ug/1 doses. The la[-.m i.;. puIiod wa:s followed by a 5

miniute period of flocculation .. appr :ximat ely 25 rpm, after which

the miner was turned oFf .ne d .1 c." particle. we:- r'ue allowed to settle.

Approximately 32 ml samples w.r:, wit:hldr iwo .From each reactor at 5r

15 ' and 60--miinuLe iMLerva i . Tlese s pe.. il.I were then immediately.

tested fur t: urb idity. lh. abne.:b,' t:st.s r,:e repeated for s.mples

of 50% T.p150% Bo: ttcm ,-l and , :.)l/ ,DA I.i1: I.lhlu w i Lb ith r- i di ty

neasuremnt Laken for eic:hl.


