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1 SIEWATER TRWEW-:—»

et—thls Stuff?
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SIEat, [)J v, Incinerate the waste as last resort.
er lhng sludge cost $200-$500 ton.

! fnr* ratlon can be 4 times as expensive
D) ﬁ]r-* a|

"—

S mate the production of hazardous waste through

== prdcess redesign or raw material substitution.
_,' ~Recover and reuse waste whenever possible.
- Segregate hazardous and non-hazardous waste.
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S oyt
Why Treat?
O PORS ;UJNITI

Corsle)V WLF discharge limit
PRREGIICE We j o chemlcal consumption
SRRENSE w--

) r\\/er user charge

-M.—»

SERE uee ‘monltorlng costs

_.:— —

= e'd'uce Risk

—— ',é-'

—— ’Injp_rove knowledge of what's going on
- o Improve product quality



WASTEWATER SYSTEM COMPONENTS
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cll :3,)’ laI waste (chrome cyanide, oily waste)
prec1p|tat|on)
(coagulatlon)
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“‘;Regduals treatment
e Discharge
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_ .LJEQLIZAT.IO
STHBOLNINC eel] the o) e system.s ock absorber

DEFIN rrre ““

n-,‘

Ec|Lfe) ]l/JJ_f \dampens out the hydraulic and pollutant
oaJ J tering the wastewater treatment system. This
e system to run efficiently at steady state.

—_—



QUALIZATIO

Soething out the bu System shock absoerber:

e

e -—

Floyy ﬁr)rlr"
ﬁrur,lr" lncompat|ble waste streams to save equipment
slnlefle _’fatlng COStS

«;?-> Concentrated wastes from dilute wastes
-’if-_ - >0ily wastes from non-oily wastes

~ >Hexavalent chromium, cyanide and common metal
= wastes from each other

>Complexed wastes from non-complexed wastes
>Toxic organics

A



SOURCE OF

COMMON
METALS
CHROME t ‘"2“' PRECIOUS METALS
REDUCTION > : RECOVERY
cyanide
.
b with
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|
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REMOVAL o < CESTRUCTION
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EQUALIZATION. "

Smoo;r out the b‘h—tu nps, the system shock absorber

S UEZation
EGuialization tanks must be large enough to

gdampen  out peak hydraulic flows. It should
& alsoibe fully mixed. In some industrial
= Wastewaters aging also helps flocculation

—
—
s =T
T
——

= Overflow Storage

P

—

= 4
’tﬁ‘. r

-~ Overflow storage tanks are used to store
- wastewater during system upsets. They may
be combined with the equalization tank or
installed as separate units.



PEVSIGAL/CHEMICAL I,R%,Tﬂﬁ\li’r—

ettlng the stum&dy to get the stuffiout

SPHICONTROL

MEstRchemicalltreatment processes require pH control to optimize

r?':JCiZ]JrI:f 'pH treatment and control by pH meter and reagent
onr

---

= ’éf("(REDUCTION/OXIDATION) REACTIONS

,::'f Changlng the oxidation state of pollutants to render them non-toxic
- oravailable for precipitation. Redox reactions are usually monitored
~ and controlled by oxidation/reduction (ORP) probes which read out
in millivolts. Oxidants cause ORP probes to read higher millivolts.

Reductants cause ORP probes to read lower millivolts.



aapplications
= erurj" |m|ts — pH 5-10

jk

VJ‘—‘E,J_J'“ D \C|p|tat|on/Squb|I|ty
= Olly'w ste phase separation

J‘.:‘

h-'__’

== Chrome Reduction
-—::- - ‘0 Cyanlde Oxidation



_ONTROL
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SPINSEc SCAIETOT UNIts developed to measure t equantlty

of fraanlel OH IS the measurement of OH) p means —
loe) g
SRS MOSt acid

e i

JAISHIEU brall
= l..r 5 most basic; alkaline; caustic
=== ;:--109 1/(H*)

. -

g ’

- e

—— —
—

- Main thmg to understand from this is apr unit change of 1
represents a H* concentration of 10 fold
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ONTROL

Alitation curve
N2OH -r,r ------ >NaCl + H,0

J o)p)e ‘placement In reaction tank is
ere ant

:;‘ Cl emléals typically used for pH adjustment
== 'Sodlum hydroxide

-~ —Lime to raise pH

— Sulfuric Acid to lower pH
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: R At : '
: D = ¢ :
Waste C'j

A
"‘FE};"‘" = Effluent
= flow transmitter ;
pHT = pH transmitter ir———— .
pHC = pH controller

Figure 18. Ceneral purpose feedbyck controlled mixed reactor.

L



[P EP,

Reagent
Legend:

@ PHRC = pH recorder-controiler
LA J

Polymer
Wastewater
A- e ] Effluent
G
M
e <o ixer
Rescror Floccuiator
Return sludge Waste
sludge

Solids contact clarifier

Figure 22. Process schematic for precipitation and separation of target
substances.
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] pH = 2.9

e = 10 mi
Legend:
PHC = pH controller
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TYPICAL PHYSICAL / CHEMICAL TREATMENT SYSTEM

FLOW SEGREGATION/ REDOX i CHEMICAL ! SOLIDS E POLISHING
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JAJJ" --Redg,c,_hgn (ORP&E@)‘"

o OAJJ,JrJrr Umbersk
SH\Eltrallvs: Tonic species
— Dejfole IC Chart

B xidation number goes up with oxidation

= O 1€Iat|on number goes down with reduction
= F amples NaCl, Cr(OH);, NiCl,, H,0, CO

-~ _-—_

—

- g—
— — -
.. — -
o _,4_.
‘
— o

== f vGX|dat|on Reduction; the exchange of electrons
— LEO — loss of electrons is oxidation

— GER — gain of electrons is reduction

— A reducing agent gives up electrons and is oxidized
— An oxidizing agent accepts electrons and is reduced



1 . 18
1 |—F'nt-::+rn|r: number = 3
H 5 Metal He
1oos | 2 C |- Symbol C]Semimetal 13 ¥ 15 16 17 | 1003
Li |Be| & CINonmetal B|C|N|O|F |Ne
6941 | 201z Atomic weight 1051 | 1201 | 1401 | 1600 [ 19.00 | 2015
Na|M Al|Si| P| S |Cl|Ar
2|k
o000 | 243 3 iy ¥ & r 5 9 10 1 12 | z6as]| za0a | 3097 3207 | 3545 3aas
1o [ =20 [ =21 | == | =5 | =24 [ =25 | =26 | =7 [ =5 | =22 | =0 | =1 | == | =2 | =24 | 35 | =&
K|Ca|Sc|(Ti| V [Cr|Mn|Fe|Co|Ni |Cu|Zn |Ga|Ge|As | Se | Br| Kr
5010 | 4008 || 4496 | avse | 5094 | s2o0| 5494 [ 5565 | ssas| ssee | 6355 | esa0 | eare | 7oei | 7a0z | 7eoe | 7oan | ssa0
=7 | 55 || 39 | 40 | 21 | 42 | 33 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 E= | &5 =1
Rb|Sr| Y | Zr |Nb Mo|Tc |Ru|Rh | Pd Cd|In [Sn|Sbhb|Te| I [Xe
s547 |avea |[as91 [ o100 | azat [ asad [ asat | 1014 | 1oea | 1064 | 1o7a | 1124 | 1145 | 1187 | 1215 | 1276 | 1260 | 1513
Es | &5 |[ 71 | 72 | 72 | 74 | 75 | 76 | 77 | 7& | 72 | &0 | &1 | &2 | &3 | &4 | &5 | &6
ﬂsBaLquTaWReGsIrPtAul'I%TlPhBiPnAtRn
1zza [ 1a7a |l 1750 | 1785 | 1800 | 1838 [18e 2] 1002 | 1902 | 1951 | 1970 | 200k | 2odd | 2ore | 2oon | 2000 | 2100 ] 2oen
=7 | &5 |[103 [ 104 [ 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 114 116 115
Fr |Ra|lLr | Rf (Db Eg Bh|Hs | Mt [Uun|/Uuu|Uub U Uuh Uuo
sosn| soen|l sezi| oe1 | seei | sesi | ceai | a5 | zes | mea | 272 | 27y 550 559 005
B | =5 55 | 60 | E1 | B2 | 65 | 64 [ €5 [ 66 [ 67 | 658 | 89 | 70
¢ | La|Ce Nd (Pm|Sm|Eu|Gd|Th Ho| Er ITm|Yh
1559 | 1401 | 1409 | 1442 [ 1469 [ 1504 [ 1520 [ 1575 [ 1580 | 1685 [ 1640 | 1675 | 1659 | 1750
50 | 90 | 91 | 9= | 93 | o4 | o5 96 | oF | @8 | 99 | 100 | 101 | 102
7| Ac|Th|{Pa| U PuAm|Cm|Bk|Cf | Es |[Fm|Md|No 1199
ozv.0 | 2sen | 2510 | 2ssn | 2570 | 2440 | 2450 | 24v | zara | 251 ] 2s2o ] 2sva | 2ssa | ssaa | T




OXiddtion-Reduction: (ORPAE@)?)‘"

SNVoVEmentroffelectronsithroughranwire =
SJecuric current. When the copper solution
and zinc metal are in contact with each
guherrthrough a wire, heat & electric

fcurrent are given off.

i
-—

e
e - -
T

= Example: zinc metal in a copper solution-

-
'l T~
S

- Voltaic Reaction

Se=s Zn® + Cu** €= Zn*+ + CUO
Zn% &> Zn*tt + 2e
Cutt + 2e <> Cu°




VOLTAIC CHEMICAL REACTION
MY MiLLivoLTS

*@f >

+ 2 +
/n + Cu _> /n t Cu + energy

2
/n P Zn + 2e

+ 2 _
Cu t e ') Cu

EL.J GER

Energy = heat and/or electricity




@xidation-Red u@'on-(OR&d&Eﬁ)" |

SRE|BCtricity, IS measurable with a voltmeter-
C)pdF \/ TER MILLIVOLTS

\1;: 'ge IS determined by:

The nature of the electrodes; gold vs. platinum

— (platlnum IS fouled by cyanide and sulfide; MUST
,.-_L — BE KEPT CLEAN!)

= l ® The concentration of all the species in solution

, ® [he temperature

® There is no ABSOLUTE voltage setting in any redox
reaction




oxidation-Reduction E«aﬁ\‘ﬁe‘s‘"

J e J s 2 '3+‘ > Mg*2 + H, + 2H,0
W= Cutz > Cu + Znt?

\r + CN > Ag(CN),” + e
e §1 ver platlng reaction at the anode)
= "‘-Ag(CN)z + e > Ag + 2CN-
- (silver plating reaction at the cathode)
® CrO5; + 6H* + 6e- > Cr + 3H,0

(chromium plating reaction at the cathode)

A



giemium Rg@jon-—?’ |

SNSEXaValent chromium Cr+6 (orange or
yerW

— UJcle for plating chrome, chrome conversion

0ating and etching W|th chromic acid

= — Extremely toxic

= —Increasing low discharge limits

- — Prefers to pick up O2 and form chromates
which act like an anion and will not precipitate

out as a metal hydroxide
CrO5; + OH & Cr(OH),




-~ ,
jvaient ﬁ%ﬁj@&ﬁ

ot

BIUE or e ue green
{eJt ced form of Cr+6

S~ d'—r‘&*o—

: hiless toxic
= eupltates well as metal hydroxide




* SO, + H,0 > H,S0,
(sulfur dioxide + water - sulfurous acid)

3H,S0; + 2H,CrO, = Cr,(5S0,); + 5H,0
(sulfurous acid + chromic acid - chromic sulfate + water)

A



‘ ‘

p..

L —

= E‘Structurally different, Na,S,0:

‘-
B —

—
s e

~ — Works the same chemically
- 2H,CrO, + 3NaHSO; + 3H,S0, > Cr,(S0,); + 3NaHSO, + 5H,0

Chromic acid + Sodium bisulfite + sulfuric acid >
chromic sulfate + sodium bisulfate + water



Ela If9sil 16]g IS*'I"Edg!C G| w1th¢h€?%‘ﬁ"'

."

2 Sodiurg] J’J\[JI(”l it
]\LJ).))J} -use at pH of 4

— Useefife J‘J atch treatments

BEXpen:

3 _—;_}_ ! ‘jgnlte In contact with water

| «:’ NajS 5,0, + 2H,CrO, + 2H,50, > Cr,(S0,); + 4H,0 + Na,SO,

’Sod‘ ium_hydrosulfate + chromic acid + sulfuric acid =
_chromic sulfate + water + sodium sulfate

® Ferrous sulfate

a



CONTINUOUS TREATAENT PROCESS FOR CHROMIUM BEARING RINSE WATER

DILUTE
SULFURIC @—’
: “15'5‘“ :

Nea W50, *

i

1L

3 ou Co Seadiumn Bisoldite
o
SO - o
LoT e,y ons 2 |—_[“| 250wV
>< |

1728 MOT  PHLZ 50, o
i d -

[NE LUENT v@? W\ EFFLUENT

s 1= . . |_-“"I M’
v i

IhWFFUSER
W& 2 \o- o v

CHROME REDUCTION




Chro“ Im -Rg@:’c’ion-—) _—

WilliveltireadingrepproximatelysH2500

3 Jer;- IS‘necessary — Kits available using
Jl,)n' ylcarbazide in acetone

SNEEt to know your system
— 5jg¢) “test on regular basis
— Verdosmg causes:

-t

, - * S0, gas formation

= Underdosmg causes:
~® [Incomplete chrome reduction
¢ Effluent violations for chrome

® Proper pH control is necessary because:
— Too high will slow reaction to be ineffective

— Too low will produce sulfur dioxide gas (<2 pH)
A



Crife)aalls

ells / JJ’L)J(l-‘rrrfJ’\
clease f sulfur d|0X|de gas due to:
,)rl rr —Tow <2 (pH'control to be in proper range)

— SIUIRUe] ~aC|d

—\.. -

—~ e e*o roswe will burn skin and clothing

mmlc acid
— OX|d|zer corrosive

- -—_;
. Vw
_" — /
| ——
- -:f""‘_f -
— - }:g
— e

——— Protectlve safety equipment
-~ e Tank venting

® Rubber gloves

e Safety glasses

® Rubber apron

.’

a



e Redugction Problem’

PRI5000/ gallons of a cleaner is contaminated

Wit «@ mg/L of hexavalent chromium.

rJJ“ nany pounds of sodium hydrosulfite

= ,be needed to reduce the chrome to

ﬂvalent? Consider that 6.1 pounds of
~ sodium hydrosulfite are needed for

reduction of each pound of hex chrome.
1500gal 3.79L 20mg 1g 1oz 1bCr*™ 6.1IbNaS,O, X

1 1gal 1L 1000mg 28g 160z 1IbCr+6 "~ 0.254
X =1.55Ibs

A
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syanide Oxidation (destruct
Alkaline Chlornﬂ'laen

SR GVanIdeNS tsedinielectioplatingibecauseiitdissolvesimetalsieas
BEESICOMPIEING S S

— Copgglle ed cyanide not amenable to chlorination

*Riron cyanide Fe(CN)g

J w- > cyanide

2 Wl' > PASS THROUGH SYSTEM TO SLUDGE

o EFFLUENT

= r—Reqwres extra efforts (heat, stronger, oxidizers, etc)

a-emplexed cyanide amenable to chlorination

_:,,.. = e Very slowly — nickel cyanide N|(CN)4

f,. ~ * Slowly — copper cyanide Cu(CN);?

= e - gold cyanide

-
O - —
p——

"_.. - - silver cyanide Ag(CN),!
- e Readily — sodium cyanide NaCN
: - potassium cyanide KCN
- cadmium cyanide Cd(CN),?2
- zinc cyanide Zn(CN),2
— Measurability of total vs. amenable cyanide (AMINE is R-NH,)



I i T

OXIEatIOr -Redg !ctjpnﬂgamfﬁﬁ"

-—

e

) First szl Jé
= RalSe [ ,) | -needed) with sodium hydroxide and add chlorine

1' A' ,

NEEN =+ mg; I+ H,0 > CNCI + 2NaOH > NaCNO + NaCl + H,0

-

VJ\::! - pH must be above 10 ORP 500-600 mV

“.Second stage

e e

,_," -~ = |.ower pH with sulfuric acid and add more chlorine

2NaCNO + NaOCl + H,0 = 2CO, + N, + 3NaCl + 2NaOH

Slower; pH must be between 8.5-9.5 ORP 650-850 mV

a



CONT INUOUS TREATHMENT PROCESS FOR CYANIDE BEARING RINSE WATER

OILUTE DILUTE SODTUA

T eAUSTIC 1 SWFWRIC HYPOCHLOR TE
aon H, 50, Na Oc |
C Sediom Wydregide
s 1"1 1‘1JH/}:ﬂ #
10--------- ; Y [---- |

I
| 5765
o F-—-1 1 B-1--1 /3
t—t | +
- - I I (550 7850 WV
NFLUENT L st | AV
R

oH ‘g’@ v ot pRe FFFLUENT
] I__4}7| | L >
v CHASE TmML v

U D /.Ft‘?”"s [] U‘j
HRT: 40 =GO MINUTES Add Ruegy ) ""-cin'ud
\‘D"\P
CYANIDE OXIDATION e CYANATE OXIDATION
Stage | t Stoage 2

CYANIDE . DWG



OAJJ“' ON- Red_uctlon R-eatfig’“ s"‘"

J Tri2 fl J'J ;: GLIONR @guu@i‘@qs@unds-ef____q
NE@El/pound off CN=and sufficient retention time
WOMEaCE properly (dependent on concentration &
fOWIofi System)
— sl al y-supplied as 15% solution
= =an also use Cl, gas, but utilized less due to

= manifolding and %andlmg demands
"B’cher chlorine demanding chemicals may
~ consume chlorine
— Anything that will react with an oxidizer (a reducing

agent)

e A well run system will virtually destroy ALL
amendable cyanide

-‘
—-‘
e—
—
’v"

A
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@yanide Oxidation (destruction)
Alkalin “.C_?_hJOri fon

ol

JTFJJ’JJ’*“ IOOLING

.;

— o) pt Ah bleach

- J]a;r 1es potassium iodide paper so
you t link you don’t have enough

1oat|ng floc due to gassing

—
m— —

-~
-
e Wi

_'~ XIDIZES chrome back to hex Add bleach olg increases

-

e Cause pH vs. ORP problem

-~ — Not enough bleach ‘Decreasel

® Tncomplete oxidation of cyanide ORP
effluent violations




Gyanide Oxidation (destruction)i

Allikaline Chloruﬁla@n —
BEchmeatmentsrifianraceidentwillloccur it
WilNGE dUring batch treatments

SOperator inter-communication

= Cyan nogen chloride evolution

= Minimum 1 hour with ortho-tolidine test

= J‘ Emlde Safety
_-:-:“-'- = Qu1ckly fatal
= Cyanide analytical capability
— Air testing capability
— Self-contained breathing apparatus
— Cyanide antidote

— Labels for pipes, tanks, etc
A



G YJI E"Safegl._ -)“'"

SRRV SIOLOGY: Cyanlde enters the blood

szrrur Wia inhalation, ingestion, and skin
'J 0)] ption. It is picked up by the

= Nhe oglobln molecule in the red blood cells
,., | ﬂstead of oxygen. It, thereby, blocks the

~ blood cells from picking up and

distributing oxygen to the body cells,

causing cell death.

‘H\



E*Ox-ida;tion Prebigms‘ _—

500 ¢ _JJUC 5/ 0f spent cyanide plating solution are to be
pauchrtreated. ihe concentration of cyanide amenable
L0 rnbrl ationiin the solution is 200 mg/L. How many
g.ﬂbu o 15% sodium hypochlorite are necessary to
ICCOT: Iplishi the oxidation of cyanide? The weight of
1506 NaOCl is 10.2 pounds/gallon and it takes 7.2

G;’r?.%&% odim yRphigrite ff ofilize one pound of
= lgal 1L 1000mg 289 160z

= X _ 7.2IbNaOCl

0.846IbCN  1IbCN
X = 6.11bNaOCl

6.11bNaOCl

FSloMAAL

= 4gallonNaOCI




REDUCTION/OXIDATION REACTIONS

Purpcse: Use pH and ORP cantrols te add chemicals which oxidize or reduce pollutants,
Design Conditicns; Mixed, vented tanks, pH and ORP controls, redundant systems.

CHEMICAL pH ORFP CHEMICALS HET {1}
FPOLLUTANT CONTROL CONTROL USED {minutes)
Cyanfde
15t Stage =10.5 350 myv Sodium Hypochlorite 40-60
2nd Stage 8.5-89.0 E00 mv Sodium Hypochlorite 40-60
Alternative Oxidants
Czone/UY

Hydrogen Peroxide
Chloring Dioxide

Phenols 5.0-9.0 400-800 my Czone/UV 10-20
Hydrogen Peroxide/
Ferrous Sulfate
Potassium Permanganats
Chlorine Dioxide

- Chroemium Yl <2.5 250-300 mv Sodium Sulfite 10-2¢
Ferrous Suifate

TrrtHT -« fydraunc retention time, obtained by dividing the tank volume by the flow rate.



CARE AND FEEDING OF pH AND ORP PROBES

/GDMPENSATDFI [

NN ONITORING
s /‘F"HOBE
2l GLASS MEMBRANE

it

—————REFERENCE JUNCTION

1. Tum off chamical feed aystems

2.0 not clean and calibrate probes
bators cleanlng or calibrating

at tha sarne time.

probas,

2. Clean probes krequently. 4. Replace probes as nagessary.
5% HC| for high pH control. The avarage prebe [fe is six
Mild dotergen! for sl and grease. morths 1o ona yoar,




VSIGAL/C EMICAL MENii-—
PHNSICAL/CHEM! IRW

etting the

2 SOLUBEIN TT REACTIONS

Polllitants s c,:h as metals, oils, and' proteins can be made insoluble
IAVELERBY changing pH. This characteristic is known as the
solubi]}p product (Ksp) of a chemical.

R
;-_- —

_ Je Ub Jty reactlons are usually monitored and controlled by pH
rbes which: read out in standard pH units (0-14). Bases cause pH
'probes to read higher. Acids cause pH probes to read lower.

\.H
‘H



TYPICAL PHYSICAL / CHEMICAL TREATMENT SYSTEM

FLOW SEGREGATION/
EQUALIZATION

f

REDOX

0y 990

|1

4

7

CYANIDE

CHEMICAL
PRECIPITATION

SOLIDS
SEPARATION

|G

ot

SLUDGE
MANAGEMENT

POLISHING




CHEMICAL SEPARATION

Purpose: Create two phases (water/poilutant) for separation.
Dasign Conditions: Mixed tanks, PH controls, redundant systems,

CHEMICAL nH CHEMICALS HRT (1)
FOLLUTANT CONTROL LISED {minutes}
Metal Hydroxides Sen Ksp Solubillity Chart Sodium Hydroxide 15-20 Per Stage
Sada Ash 15-20
Lime 45-60 Par Stage

Magnesium Hydroxide

Qil, Grease, Wax 1-2 Sulfuric Acid
(see footnote 2) Hydrochloric Acid
Protains lsoelectric Point Sulfuric Acid

45-60 Por Stage

240+

20-40

(1} HRT = hydrauiic retention time, obtained by dividing the tank voelume by the flow rate.
(<) Tk reaction is often cnhanced by heating t+  wastewater (o between 140°F and 180°F



N

X

/

AL\

3
| P\l\cd
i

VT

\a
O

\X
:

UONeIUIIUDT [e)a




THE SOLUBILITY OF STUFF
pffSp VALUE_S OF COMMOCN METAL SALTS

Eﬂ'.‘illl.l-c|l|1lll- Dl’hlﬂ'\-udd-. Epmm .Eulld:-

20.0 /(/_ :
0.0 -

Chromium [

Lead

Cadmigm capper |
Carbonate | 11.3 0.0 9.9 [ 131 6.9 9.7
Hydroxide 13.6 20.2 19.7 14.9 15.8 16.3
Fhosphate 32.8 22,6 36.9 54.0 0.0 32.0
Sulfide 26.1 | 0.0 35.2 28.2 | 80.5 21.6

Common Metals

A zero denotes no available data
Ksp = [M*] [Salt], pKsp = -log Kep
A tare  pKsp value means [ow metal solubility, it wi'' be removed in the clarifier

HEH




COPRECIPITATION OF SOLUBLE METALS

FeSO, + O, + OH > Fe{OH), + SO,

Fe(OH), + O, + H.O -—--> FeOOH + H

MECHANISM OF REACTION:

Adsorption on Fe(QOH),
Coprecipitation Fe(5-x}Pb(x)O,
Entrapment Fe,O,(Pb)OH

Atter Hao anc Werwie, Johnson Coo ols, Personnal Communication, 9/10/37




CAL TREA

g ettlng the y-to get the stufff out

— g— - ' - —

GOAGULATION/FLOCCULATIC

@ OJ{JJJJI‘JJr— s the process of addlng Inorganic or organic chemicals
LORVESTEWAL T’In order to begin the separation process. Most
50c) J,JLmn c re cationic.

-
4\‘

- h -
'—:r"' ); -

;.

= --rlr et thoh is the process of adding inorganic or organic chemicals
— to astewater In order to increase the size of coagulated particles.
-Most flocculants are anionic.
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GOAC LAT%&DCM@I\I‘—

e stuffi big

-

- —

SREOAGUILATION

A :.,~'- h. -

SO IItion IS the process of increasing the mean diameter: of
colldielzlNek)s cIes in'water by neutralizing their surface charge
(UJJ'—‘J._b ta potential). Coagulants are also used to tie up or
OVENCOM mterfermg compounds such as emulsifiers, chelants, or
= «P@)L; c éxmg agents. Coagulants start the separation process.
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INEESIOF COAGULANTS

@oEllants canibe organic or inorganic chemicals. Examples of organic
cozlgUligEis) clude cationic polymers, co-polymers or cationic polymers and
ELAISalts) and natural polymers such as gums or lechithans. Examples of
irlore ganic coagulants include base metal salts such as calcium and

filzle Jesitim hydroxides, as well as the metal salts aluminum sulfate, ferrous
3? :'i?té ferrlc chloride, calcium chloride, and magnesium sulfate.

- -
-""r —

= F’LOCCULATION
= FIQccuIatlon iS @ continuation of the particle growth process in which
.~ coadulated particles increase in mean diameter with the aid of long-
chained, anionic polymers. This increase is accomplished by gentle
agitation which promotes the collision and adhesion of coagulated particles.
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ASE SEPARA O

_ jout of water
e —— i

I SESEPARATIO
T ,)I‘Jf“’ 5 by which chemicals of low: solubility are
raruwﬂ rom water.

J
: ,—_;. Jng or sedlmentatlon IS the process by which pollutants heavier
than ‘water are removed from water. The larger the particle and the
= f’: “heavier the particle with respect to water, the faster it settles.
~ Clarifiers are the most common process unit used to remove solids
- from water. Grit, sand, and metal hydroxides are the most common
pollutants removed by clarifiers.
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SIOKES AZEN, AND, SED ONi
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IR D) MEAN

IENEGER b e?loc diameter (rx2), the better stuff settles. The
IEAVIES: :Jr_Jr IS, the better it settles.

T)e I‘r,_J:LG" vacity of a clarifier is obtained by dividing its flow rate
Y jl‘:‘ :fe face area (gpm/ft?).

= Ifyol =put plates in a clarifier at a 60 degree angle, you can increase
= t%‘éffectlve surface area.

.’

=== —eBuy more beer.
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—

—
—



grOUp
L — ———

ggleenHAZEN, A AND SE wﬂ-’fbmw

rL—\Lr’N’  THEORY OF SEDIMENTATION

Hazen’s)| eory covers a lot off territory. His most important
"r'rwory states that the beer will run out before the Cheetos. His
EXT MO t Important theory states:

-
:_-.A» __._.,.,

—

—— L“’" e depth of a clarifier is unimportant. Only the clarifier surface
-, * area impacts settling.

— B wHorlzontal plates (false bottoms) will provide a surface to receive
- sediment. The more plates, the more efficient the clarifier.

= (. Particles undergo differential sedimentation based on their size
and specific gravity (we're back to Stokes).
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X[(s—s)/e]

= settling velocity

\
> Q = acceleration due to gravity
'S

= density of stuff settling
‘s’ = density of water

" e = viscosity of water

r = radius of the stuff settling




HOW DOES STUFF SETTLE ?

—

When the veloeity of siuff setting

(Vo) sxceads the upward velosily of
waler v, 1. s1ufl soiblas,
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PHASE  SEPARATIONS

Takm‘Mf.eut ofrwater:
: il — -

° i Or\l‘fl\Jf‘

Flezlislef e *ﬂotatlon IS the process by which pollutants lighter than
YWelter _]IL.,’ noved from water. The pollutants may be naturally
lienitee dnlzls ‘Water such as oil and grease, or they may be made

ghterthan water by attaching microbubbles to them such as
digge Ved air flotation (DAF).

' —
._'- = .—c -—--... -

:")DI‘IR—-STRIPPING

5} = LAII’ Stripping is the process by which volatile chemicals which are
=~ insoluble in ' water are removed from water by increasing the
- chemical’s contact with air. This may be done by sparging air
through the wastewater or by pumping the wastewater over a
media tower.
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POLLS

Sullfiff out of Wastewater

=1\

laking iddy:

- e — A ——— —

o DEEIN I'Tl'sgﬁ
Filell e r)_)Juﬂ’r 15 the process of removing small residual pollutant
corle anrr_u) s filom wastewater.

I ‘-
= -t
-~
‘“

> Hrlﬁ" AI_ POLISHING
e /2'51 sic-a[ pollshmg IS the process of filtering small quantities of
= aﬁ‘c_:_ulates from wastewater. Physical polishing processes include
_'f‘}: ’“'-isa_nd filters, cartridge filters, leaf filters, various media filters, and
ultrafiltration.
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CHrMF(“' _ POLISHIN

SIicalp ,)j lshlng IS the process of removing small guantities of;
_)J].J.)]d poliC utants from wastewater. Chemical polishing processes
]TJC]LJdS:F kya'ted carbon, ion exchange and electrodialysis.

e

=i ‘./, BRANE POLISHING

-r*'-

d'

= Membrane processes use a semi-permeable membrane to separate
'_: ~ pollutants from wastewater. Examples of membrane processes
~ include reverse osmosis, ultrafiltration, and electrodialysis.

-






UDG MANAG
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PRIDERINTTION

Slijeleje rru; agement IS the process of concentrating the residuals
EIeVed rfa M the wastewater.

2 JLJE THICKENING

= -—Fﬁ Process involves increasing the sludge solids from the system’s
=== brimary. solids separation system. Gravity thickeners take
sf»’»’ j":.aelvantage of the particulate’s settling characteristics. DAF systems
~ _ Uuse microbubble flotation. Rotary screens use different size
~ screens. All thickening processes increase sludge solids
= concentrations from 0.5%-1.0% to 3.0%-5.0%. The sludge is still

pumpable at these concentrations.
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2 SLUDGE_.;VVM ERING

S|id@EIdewatering| processes take the sludge from 3.0%-5.0%
SelIdsHterareater than 20% solids. At this stage the sludge is cake-
JJ}(F‘ Igl m ture. Dewatering processes include filter presses, belt
"-~vacuum drums, and centrifuges.

= -._,‘:

- '
— '_ ." -—'°--. -
— — ....b -

‘LUDGE DRYING

_" Sludge dryers increase the sludge solids to the 60%-70% range.
~ They can be direct fired, indirect fired, gas, electric, or steam
- heated. Their purpose is to reduce the volume of sludge by

removing the entrained water.
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SIIMPIESE and MOSt deper
SEISIET Jr I;GI
Digenlelf e | SEWeEr: IS satisfactory
y,)Jr_JL o) Iow flow
Valiab) Ity Nt Waste streams
= % Special pretreatment steps
= — Cyanide destruction
’: -~ — Chrome reduction

= Chelate breaking

— High concentration batches

e Multiple tanks
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