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Midwestern manufacturer was faced with a

wastewarer discharge problem from their parts

washers. The local publicly owned trearmens

works (PO ) tound chae the discharge from

this process frequently exceeded their grease

and oil limits of 100 ppm and after r-.:pcnt:g\_lf

wamings threatencd to apply a surcharge for

each discharge that exceeded the limirs. This

naturally motivated the company 1w seek a

solution. However, after evaluating several

ailfwater separators and filtration equipment,

the company selected one and approached the

POTW for their approval only to find char the limits for zinc

had been severely lowered and the separation and filerarion
equipment would not meet this requirement.

Taking Inventory
This trouble with the POTW protapled management to do an
immediare facility survey and disposal audie. Through this
process, it was derermined that they were hauling 10,000 gal-
lons per year of computer numerical contol {CHNC) machine
coolant at $0.86 per gallon and 6000 gallons per year of air
compressor condensare at $0.40 per gallon. They were also
usine an oil dry product on their floors that wazs becoming an
issue with the local landfill. Plane maintenance had wanted to
buy an automatic floor scrubber o eliminate the oil dry but
were denied because the warer would have needed to be hauled
off-site for disposal; it was too costly because the washing
schedule would generate abour 12,000 pallons per year.
Finally, they tfound thar their parts washers were generaring
14,000 gallons of wastewater per year. With zinc levels thar
were above the limits for discharge and the requirement for
constant monitoring with the resulting surcharges from the
POTW ($3,000 per occurrence), their only alternarive was 1o
have the waste hauled off-site for disposal. That would mean a
signiticant increase in operating cost. In addition, manage-
ment was concerned about the potential liability of hauling an
annual volume of 42,000 gallons over the highway.

Crunching the Numbers

The company elecred ro investigare a 15-pallon-per-hour evap-
orator, The supplier of the evaporator ran a functional test
showing thar the total annual volume would be reduced by



Figure 1. Cost comparison between manufacturer's present process and evaporation system.

94%, and they derermined that the instal-
lation would qualify for exemprion under
the stare’s air qualiey regulaions.

The actual cconomics of utilizing the
new system are detailed in Figure 1.
Furthermore, because of the cost savings
involved with the evaporarion system, the
company was able to;

* purchase the auromaric floor scrubber
and eliminate the oil dry produce

® dump the parts washer baths more
frequently, improving the qualicy-
controlled cleanliness of the parts

- I'L'l'r'. W11k I‘.I:llu:r [l'l'-ll.:]'lil'll" I.'l::ll'll.:-lr'lr IMERETHE &~
nance in their CNC department, elimi-
nating some malodor and skin problems

* pay back their investment in 10 montchs

* climinare sewer discharge and its com-

P li.a]':ICL' coals t-::un_“.-';.'r

Finally, any future changes in the com-
pany’s manufacturing process wounld be
accomplished with minimal concern over
wastewarter generation from the new
process.  Evaporation  is  not
Erftllm—ﬁr"l:ﬁlﬂ(l :!ru,l CAT :Icq.',ﬁn\nh:-;];l:u
fluctuations in waste stream  con-
srituents—iflucruarions that would cause
upsets with other waste mearment rech-
nologies. Therefore, the company pained
ﬂ(‘:xihihl-,' in maximizing ]'\'m:]u-:'ri::-n effi-
ciency and product quality withour con-
CEIMS OVET ever-I |jr_':.E'||'l‘.'||.iT]E SUWET I.!l.‘il']'i:-'lrEl."‘
limits and compliance costs.

WHAEe

How Does Evaporation Work?

Thermal evaporators {Figure 2, pape 12},
the most widely used evaporation rech-
nology, evaporate wastewater by bringing
ir o a full boil (212°F) ar normal atmos-
pheric pressure. The resultant phase
l..'I'l'rll‘J:.i;r: o steain means that the CNADIOTH -
tion rate is not affected by changes in the
relative humidicy {(wer bulb condition) of
the atmosphere. While it may inirially
appear to be “simply boiling warer,” it
is actually an ever-changing, dynamic
concentration of chemicals ar boiling
temperature. For ['I:'Ii-‘"i TEas0m, {‘L]lliPl'!IL"l'll'
design, safety features, and process
controls are critical; the design philose-
phy will have a direct effect on efficiency,
performance, and maintenance costs,

Heating Methods

The simplicity of boiling water at normal
armospheric pressure is a major reason why
thermal evaporation s so widely used.
However, within this category are different
designs that apply heat in different ways.
Each of these distinct designs will have a
dramatic impact on consistent perfor-
mance, consistent results, mainrenance
costs, and safety,

All parts cleaning waste streams con-
tain oils and suspended or dissolved
solids, Evaporating the water causes emul-
sions ta break and suspended and dis-

solved solids to reach saruration and fall
out of solution. When heat is applied
through the bortom, the evaporation race
can he diminished by these settled solids.
Het :-m[ﬂzﬂ.] through the sidewalls or |"|'g.:
dircce fire will be affecred by emulsified
and fleating oils. And with submerged
combustion where the combustion gas is
turbulently driven through waste, foam-
ing is often problematic.

The abowe heating concerns can be elim-
inated through immersion heating, the
tnethod preferred by chemical engineers for
process tanks, boilers, and hot warer
heaters. Immersion hearing 1s effective in
E'v:3|h'}r.1tiun becauze the elevated, tubular
design allows solids to fall harmlessly past
the hear exchanger and collecr undemearh,
where they cannot affect the heat transfer
to the water. A properly designed immer-
sion heating system with desipn features and
component selection will ensure the heai
cxchanger is always in warer by elevaring
the heat exchanger away from the tank bot-
tom, thus preventing immersion in setcled
solids. As the fluid is evaporated and the
water level drops, level controls thar detect
an oilfwater interface will prevent floaring
oil from coming in contact with the hea
tl‘.ll:L*-iFl_‘T :"'\-'l_l'l-F:!L'E..

Emission and Safety Controls
Emission control using mist elimination




The salifian is fed 1o the tenk (o) in ether o bach o con-
finuows mode (outomctic filll, then &5 heted to boding
(212°F) by o serpenting gosdired heat exchomger (hi. The
blowes (h) drows in ambient air through beth the bumer (¢)
and o 52ed apening in the tank (4, Ar is drown aooss the
surtoce of the heated figuid (e}, sweeping owoy wotes
wopor s the bubibles breok the surdoce. This moishureson-
sted oir tmd the flue goses leove the tank via separate pes
sogewnys. The molsture-soturated air posses through o
conlescerstyle mist alimingfor syshem, which remaovas all
mist and droglets, olowing only the skeam fo pass fheough.
The steam ond the Fue guses o jomed fogether of the
blower entmanee (Fgl. The two envionmentally sofe o
siraams ara mixad in the blower (i) and oee relessed up the
shck (1. Free oils and oils whese amulsions hove been ther
mlly broken floot to the surfoze. They ore then ramoved by
ncteatng o simphs swirch. These oils exit vio on ovedlow
wough () into on exieenol woste receplode. Liguid residue
conceniotes in the foak and precpitoted soids collect in the
shoping frough. Concentrate ond sobids ore ensty removed
vio o corvenient dean-out port (k). & fulHunction evopora:
tor control enchasure (1) ond system peocess contvel () indk
tale wvious operting condifans (normal, shutdown, afe),
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Figure 2. A typical thermal evaporator and its principles of operation.

technology, foam detection, and foam con-
trol is an important issue when considering
evaporation. Foam contains chemistry and
oils. If this oily foam is allowed to build up
in rhe evaporator withour control or detec-
tiom, it can overflow out of the system or be
sent up the exhaust stack.

An optimum  mist climination Aysiem
(Figure 2f-h) will include foam detecting
level sensors and contrals to protect the
integrity of the tank freeboard area, which
protects the integrity of the mist elimina-
tor system. The mist eliminator pad
Sl’Ll.‘Jl_'lld ll?l\ [ =] | ':l.l.";'l.1 L'l.:l]'l'lrl]'ﬂ':i!‘il i rlh o l‘rl."
vent hlow-by of mist droplets. 1t must be
located in an area where it cannot be
Aooded by foam. OFf note: The manufac-
turers of mist elimination devices do not
recommend using them as foam breakers.

A well-comstructed evaporamor will be
insulared to lessen heat losses in the
process tank and ensure it does not con-
tribute to the ambient air temperature in
rh e Aarea. FllTl |:'I ETITOrE, |:1|'.‘."L'|ﬂ.|\5l.' th'TI:Ih'i|
evaporators are usually gas-fired, either
by natural gas or liquid propane, they
must employ a “belt and suspenders”
approsach o safery, For each critical pri-
Ary SENS0T, Th‘l"TL" must |-IL" i rl'.'1_|IL1n~{:i1'|1'
sensor that uses a different technology o
monitor the same critical function. This
approach will eliminare the risk of com-
mon mode failure, The concrol panel

should provide an instantancous, easily
understood operator feedback on the crit-
ical operating and shurdown conditions
|.||- rl:'lL' cl.:lllipr:'lﬂ'"l.

Installation Issuves
Process and labor considerations will
determine how a company may wish w
configure its evaporation system. For
example, with a small amount of waste-
water, a manual fill system may suffice
whereby wastewarter is collecred in drums
and then directly transferred to the evap-
orator. In a process where large volumes
andfor several waste streams are ]wnll-:rh[
to a common holding tank, however, an
automatic system may be desirable, There
are many different system configurations
for an evaporator, but Figure 3 (page 24)
illuscrazes the most commaon

Good chemical engineering practices
will determine holding tank sizes, pumps,
liquid flow, and pretreatment (if neces-
sary), but the installation of the evapora-
tor is a very simple process, With floor
space at a premium in most plants, an
evaporator’s small footprint and minimal
auxiliary equipment requirements mean
greater flexibility when integraring the
system into an existing floor plan. Because
there is no connection to sewer, evapora-
tors can be located where it is most con-
venient for the user.

Environmental Compliance
Evaporation is viewed favorably by reaula-
tory agencies. In addition o wastewarer
minimization, it can simplify the conver-
sion from solvent to agueous cleaning.
Recyeling of concentrated materials when
appropriste completes the environmen-
tally friendly process,

Evaporation 5 governed by air quality
tssues, and every state in the US and most
foreign countries have air guality regula-
tions. With proper documentation and
Waste SITedm [esting, permitting i avail-
able, with some states even providing
diminimus levels for permit exemprions.
The equipment supplier should ar 4 mini-
mum provide guidance in the application
process and optimally offer the oprion of
completing all necessary paperwork. There
are :ll"il" THATYY STarcs “'lrh L‘xﬂ'mptlnnﬁ ffl}m
hazardous waste treatment regulations,
unider certain eonditions. Again, the sup-
phier should be knowledgeable abour
ohmaining the appropriare approvals
]It"ﬂljﬁl |-|.|'|' rl'lt' l:LHli['l]l.:lr'” L"'uru'"ll'":'!lr:i'l ii'l". l\.'d'-
hazardous waste streams,

System Enhancements

While most well-designed evaporators will
operate with minimal arention, process
management and process control are
becoming highly desimble. By providing
on the evaporator addicional levels of con-
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Figure 3. A typical thermal evaporation system.

tri2l that monitor gallons processed, time at
boiling temperature, or bath temperature
itself, concentration of the chemistry can
be maximized, greatly reducing the residue
volume and its disposal cost.

In certain instances, automaric draining
via a PLC-based control system s desir-
able. An example mighe be salt brine solu-
Eillt’l.:h ll"ul'll:'“:' h:llllf':lli';'ll'l. oCcurs ar ].LW.'I.:F
reduction concentrations. In an evaporator
with 2 high evaporation rate and low reduc-
tions/concentrations, the short operating
cyvcle may require that the system be
drained once or twice in a 24-hour time
period. Automatic draining will control the
process romy start fo finish, TEIMOVITE the
residue and rescarting the next cvele, all
withour operator attention. Systems can be
designed thar place a phone call i rrouble
cceurs, or call the waste hauler as the
residue-receiving vessel nears its capaciey.

Systems are available that condense rhe
sreamn vapor and retumn it to process for
revse, These systems meet the requirements
of cerrain hazardous wasee rearmenn rezul

tions where close-looping is required as o
condition of resulacory approval. They have
alsiv been haghly successful in processing
radicactive wastewaters,

But Will It Work for You?

A mmjor conecern for anyone purchasing

waste rreatment technology of any kind
is: “How do I know it will work?™ The
answer: a functional cest, also known as a
“pilot” test. The experience level of the
organization and technical staff perform-
itig the test, in-house protocols, and the
consistent quality of the results are viral
for predicting success.

F't’i*..l! Lia Th‘.' i“.:lﬂﬂ '.1'- !ii.i.[i.".. 1"[111';.'.'.'”}“21'
testing on the actual waste will reveal cric-
ical informarion rieeded for both cost jus-
tification and equipment selection. [t will
also identify any conditions thar mighi
disqualify the waste as a candidate for
evaporation. Saturation points, viscosity
changes, and polymeric materials tha
solidify when dewatered will be identified
before a purchase is made. A comprehen-
SEVE ];i!‘.*nmrnrl_.' evaluation will provide
significant information about the waste
.l"":'l-i'l]'l'.", l.:l'llfirl.El :'ll-lk,‘i .{rtL‘T it h'g'l‘\ ]"l;_"l_"l'l E‘_"A.'H'I_\-
orated, Boch individual waste streams and
a composite mixture of all the streams
should be tested. Test results will enable
the supplier to provide recommendations
on materials of construction, operating
procedures, foam contral, solids separa-
tion, and oil removal, They will also pro-
vide an accurate forecast of residue
volumes and clean-out schedules

It is important to note that a functional
pilot test performed by a specific supplier

does not mean thae the wasee will behave
the same way in another evaporator
design. Furthermore; a laboratory analysis
for constituents, while imponant to have
tor l.'r.":l.:ul:-l.tl.lr‘_r' MEASONS; 15 NOE A2 Il.lnl._[lt}l'l'.ll
test. Only a properly perforimed functional
vest will predict with grear accuracy how
the various chemistries and soils in the
waste will change as they are dewarered at
bailing remperature.

Frovided funcrional tesring comfirms
compatibility, 1 company can feel confi-
dent in their selection of evaporation
technology: It isa versatile, cost effective,
fully compliant way to solve wastewater
dispnsal concerns for rnday. TOMOrTomw,
and bevond. Engineering, equipment
design, and a supplier who will serve as a
vechnical partner will ensure & well-inte-
grated installation,
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