G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




d 25

o

122

I = I

I
2 e




11439

tvaluation of 2ropylene fxide flanufacturing,
HAX-1 and HA¥.I,
Tuzla, Yuginslavia

by
Paul =. desRosiers
UNIDY Expert
Proiect YUG 723/006

16 July 1931

—

0g; - -




Preface

v

1 can he quite frank when [ relate, for the record, that I hava heen
hisnly inprassed by the enthusiasm and dedication of staff aembars from the
Institute 2f Chemical Enqgineering r2lating to this oraiect. Ther2 is n2
questicn in y mind tnat it is only through direct support from UHIDO and
the tImM? that such positive rosearch could ever occur at the scale at which
! have adservad here in Tuzla,

'n av estination the funds 3ire more than well snent and serve as a
catalyst not anly te metivate scizntists and enqineers, out also to solve
real-world environnenta! and economic nroblems. [ am proud and quite satisfied
£0 have had the goportunity to have narticipated as a UMDY tean manber.

I would therefore hiahly racomaend continuation by UNINO of its very
active support of the present projects ana any future proarams contampnlated
in tivis area. o ; :

i Gant CAST TRE e S
Paul €. desRosiers

16 Juiy 1931, Tuzls
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1 wish to thank all the —rembers aof the Institute of Chemical Engine2rinag
and staft of HA¥-1 =ith whon 1 spent wmany 2omants reviewing, discussing,
explaining, verifyina, and h2ing educaled. [ wish to express my sincerest
appreciation to the two iaterareters, Z. Arnautovic of the Instituta, and 3.
Cudi¢ from HAK-1, foar without the usa nf their knowledae and ahility, [ would
not have heen canahle of perfarmina uay mission, Last of all, [ want to tnank
deeply av hostess “trs. P, Xovafavid, who not only axtended to me the opportunity
to share ay exoariances from Love Canal, Yew York and Seveso, I[taly
with local scientists and engineers concerned with the juality of our health
and envirom~ent, hut orovided the hospitality that ade my short stay in
Tuzla wore enjoyable and comfortable,




Table of Contents

vAY-1 Prorvlene 32xide Process

i. D0 Schematic, Production & Hastewater Treatment
2. Treatment Schenatic

3. Comparison to il.S. Treatment “‘ethod

3. Discussion of Individual Problen Areas

a. Feedstock Cleanun
h., Nuality of Liue
¢. Thickener - Sedimentation lnit
1. Mixing Tank
e. Monitoring Parameters
. f. 2enmoval of Toxic ~Artifacts
a. FEnualization ?and
h, Heutralization Tank
i. Filter Prass

5. ecomendations

forbined "'unicipal - Iadustrial “astewater Treatment

e MAZ-D, AZeil zng lundcipal liastewater Treaiment
Intions - Schanmatic
2. fomnarison to Sou Chewical Co. 'lastawater Treetment

3.  Discussinn of ?otential "rohblein Areas

3. Susnended Solids Zenmcvai/oH Adjustment

N, frualization Tank/Pond

c. ~ilot ?lani Zvaluation

4. Polynl llastewater Zffects

e, Jetergent Plant astewater tffects

f. HAK-II 'lastswater Effects

a¢. Carbon Adsonrtion as a Tertiory Treatnent Sten
h. Shot Pond

4, Peconmendations

paqae

SNWNSNYOVN P WN [aS AN N

Q0




cyaluation of Orooviene Oxide Manufacturina, HAX-I, - I1

A, HAX - 1 Prooviene Oxide Process, Tuzla - Lorments

1. Pronyiene dxide Process.
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3.  Twnical !1.S, Pronylene Oxide Pracess via Chlorohydrin
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tlastewater Streams -1, -2, =3 70 to specialized activated sludge treatment

senuence as described in Dow Chermical (Freenort, Texas) report.

Lime

nroblens, reaarding Dow Chemical Co., do not exist as caustic soda,

na0K, is used in saponification.

Tynically, those chemical firms still

using te chlorohydrin rethod for oroduction of PO in U.S. recover and
reuse excrss lime from the thickener and use it as make-un, as shown

above
4, Niscussion of Individual Problen

a, Feedstock Cleanun

Areas:

(1) Pronviene - from
very high, 1.e.,
constant care he

nropane and nthe

a1l indicatinns the nualitv of the fY; is
>997%; however, it is mnost imnortant that
taken to fasure that not only the highest

auality be maintained, but knowledge of the jfmpurities, f.e.,

r aliphatics, be recorded through nroper and

accurate monitoring.
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(2) “ater - denineralized uater is orovided by the Tuzla thermoelectric !
nlant throuch the use 3¢ Zenlite resins, which act to “soften” i
the raw vater and reiove hardness inaredients such as scale- .
oroducing Catt, Mot Fett etc. I helieve it is innortant i
here ta arovi-de adequat2 analyses far Sifs and other met2ls to
insure l1aw concentrations as many trace mantities of metals |
mav act as undesirable catalysts in the reactor. [ understand :
that the hardness of the nresently ornvided denineralized I
water is eaquivalent tn €1-30 mn C20 per liter. ‘

(3) Chlarine - Acain, I cannot gveremnhasize the immortance of the ’
highest anality chlorine and that monitoring for bv-oroducts,
such as paosgene, becomes routine. Any R-Cl impurities in the
feed chlorine will cause headaches later in the reaction
sequence. [ assume that Hg-cell Srine wastes are proverly
treated and disnosed of in such a way as to not Cause any
future groundwater contamination problems,

(4) Lime - ! realize that HAX-I staff are acut2ly aware of the
decrease in nuality of this secondary feedstock over the last

year:
June 1930 . tay 1981
Cen, 2ctive U3.31 : 0 - 35 i[
* 1.42 1.23 E
CaS 1.34
Sify + insoludbles 0.51 n.84
Fea03
3 203]"203 2.35 0.79
ash 1.34 4,55
S03 0.78 2.9

Good chemical engineering nractice dictates that feedstock quality
be properly maintained at the highest level at all times ntherwise
product qualitv and nuantity decrease, mechanical failures in
pups (inpellers, eo.1.) increase, scaling and fouling of packing
material increase, corrosion and abrasion increase, and last of
all, pollution is enhanced and often magnified. (ilore will be
discussed concerning this matter in the following seqments in a
nore specific manner).

Quality of Lime

If the lime, oresently in use, is continued to de used, then
special pretreatment must he emnloyed to rerove unjesirable
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comnanents, such as SiNa, ash, and 1lso te effect a reduction in
N2i}3 and 'lab, Cfach of the latter comnonents :swust he reduced for
senarat: reasons.

Ag we knou, there is a rule-of-thumb in the chlarohydrin orocess
for P that the 'ind content of the lime used must not exceed 1%,
otherwise it is heliaved that g0 acts as an undesirable catalvst
that causes oronyvlen2 oxide to he converted to nroprionaldehyde
throuah an isorerization route.

Zaually imnortant, and unsuhstantiated by anyv significant test
data, fs the fact that hicher nercentaces of Pp03 (e.q., Feoy and
Alof2) have, in rnv exrerience, acted with =wore importance as
catalysts. Experiments shoulsd he nerformed to assess the catalytic
effects of N1, These metallic oxides may olay a more major role
in side reactinns than ‘e,

The nresencn of “»iah nuantitias of ash or inerts is narticularily
undesirable hecause of the nctential for ahrasion of immellers in
sumns and vesseis (due to arit and sand ccrmonents).

Finallv, %i7 is %nown tg cause serious foulinne or scalina of
nackise natarial in stean strinners. Sifi2 “ehaves in a narticularly
nauanted manner, as it hecores silicic acia at roderately low nit and
silicasz inon at 4 areatsr than 5. AL low nH, it nrecinitates out
as a ntass and is narticularly tenacious, and at hicgher oH, it
slires ar covers mastly evervihiag, “nce dennsited, it is nearly
ireossible £o ranova, unless it has hecowe an intearal nart, throunh
ncclusinn, of the nrecipitate or deposit or scale. In the latter
case, if it is adnixed with Cally/i1aCH3 scale, HC1 may nrove
effective,

The nuality nf the line, thera2for2, hecomes seriously irnortant
wiren the pronviene oxide Jrncess wastewater is cosbined jointly
with the runicinal wastewater, narticulariy in regards to the
miatity of the Hinlogical solids produced and their respective
settline oronerties,

Thickener - Sediuventation Unit

Rpcause a sadimentation tank is normally desinned for an overflow
rate af 500 - 1009 qal/day-ftz and A thickener for an overfliow
rate of 200 7a1/day-ft2 and alsn hecause of the recent significantly
lover quality of the line emnioved in the P0) process, the sedimentation
tank desinp capacity may be areatly overloaded. Thus, carrvover of
unvanted inoraanic suspended solids to the stean strinner mav he
causfna a decrease in efficiency in the strinping coluimn as far as
°NC is concerned, as evidenced from deltas or differences in 14-day
operational data ohtained by HAK-[ on 15-5-31 and 29-%-31 conpared
to data obtainerd on 1-34-51 and 13-4.71, Scaling of the packing
medfa undoubtedly accounted for this reduced efficiency. A materials
balance for POC {in the overheads and hottons) together with quantity
of HCY oroduction from the incinerator would have nroved this hypothesis.
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Furthermore, [ helieve that the avdraxite alkalinity (ohenoiphthalain

setand) must he neutralized prior Lo Yastewater Stream -3 innut to

“the mixing cank (discussad later),

Corially, in the !1,S. fadustrey uhere liae is usad as tha sanoni-
fication agent, there is no sadimentation tiank, out a thickener,
which is used to concentrate tho uaused Ca(Mil}o and senarats the
CaCily, "nC, (recall that £a(0i), + 2HCO;” alkalinity 222234 capn,
+ 2491}, anﬁ then tha unraact2d or excess Ca{MYs is recvcied s
makeun with fresh lime t3 the sanonification unif. This alternative
shonuld not be overlooked, as it rasults in a savings in lime requira-
ments.

ixing Tank (F-101)

The real ourposa of this vessel is not only to serve as a
recentacle far adding and mixing of ‘lastewater Streans =i, 2, and~d
with the overflow fraa the thickener-sedimentation tank {'lastewater
Streaen-3), but to sarv2 as a suasi-equalization tank to darmen out
broad variations in R-C1 nollutants to the st2ann stripner, so
that tha latter unit receives a reqular or stabie concentratinn
of chlnrinatad orqanics {with nigh volatilisv) in order for “ne
stean to vacorize these comonents to be collected in tie nvarihead,
enriched $na 21 + NCHIPE Foar ftransport to tne O0C spnarataredecanter
tank (F-17°1), .mereupon tne PHC is removed simaly by its snecific

aravity difference amd suroed ko the incinterator for coavarsion to HCl.

I have caiculated the residence tise in this mixing Lank o He:
5.7 m3/153.3 mllhr)xﬁﬂ nin/hr = 2 nin., “Yence, tais tank, in ay
opinion, sarves no us:iul asurnose renardinag 2qualization or danpening
tan broad fluctuations in concentrations of pollutants/contaminancs
fad to the steai strinper.

To reiterat2 wnat [ nave said earlier: any ayiroxide ion present
must be neutralized {recomuendation - add 5% 'iC1 just hefore nixina
tank). This shnuld preveat or sianificantly reduce lining or
scaling af the packing and should increase the efficiency of the
stean stripcar aopreciably. (Recall here the use of the Langelier
Index to rdeternine scaling potential of the wastewater stream,)

Analytical/“onitoring Parameters.

Upon review of the analytical 4ata froa toas 90 process, [ noted
the random absence of consistency arona paraseters, that [ would
consider to he routine. 1 list, in the table bhelow, wnhat [ helieve
should he the parameters utilized either routinely or at a specified
frequeacy in addition to those normally considered:
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Taadstacks Fouting “onthly Honitorina 2araneters

aropyliane X propana
water X DS, hardness
chiorine X phosnene* | Hpt+
" 3 .21 or TOC1
lime as necessary Hal, R 03, Silyash, §03=

Hastewater Streans

1, 2, 3, 4 mixed to X (Ton, RODs, COD o TUC)
and after strinper SS, oH, tenperature,T0C]
" x PUC, ECH, PCH(1,2}, PG,

DCHIPE, C1-,Ca%%, total +
ahenolphthalein alkalinity

* Anatvtical method reauired

Salacrion of thesa naramatars and subseauent analyses snouid
proviane surficient Jata e judae the efficiency ang z2ffactivennss
af the steam stripoer, (It is apparent that the thickener -
sedimentcation tank sffectiveness can he ooitained by other weans),
Tha ¥ ~ecasuyroment, and the maintenance of the o4 in the range of
5-H, is critical to the perfornance of tha steam stripper, to
ninimiza scaling ootential,

Rewoval of Toxic Chemical Artifacts.

An artifact is an unavoidable and low concentration by-product
that oftenti=es causes serious problens 4due to its inherent iigh
toxicity, Here, we are talking ahout ECH and DCDIPE. ‘lormally,
these two coapounds, toarether with PUOC, are conveniontly and
effectively runoved hv steam, However, due tn some of the troubles
already mentioned elsewhere, significant concentrations may end up
in the stean stripper bottoms. Previous studies by Now Chemical Co.
have shown DCYIPE to he toxic to hinloqgical orqanisns in the 30-100
mg/1 range. The upner limit causes biomass %ill and endoaenous
resoiration tn ensue. The recommendation by UNIDO expert Hilber that
it would annear advantaacous to investinate the pnssihle application
of Anmberlite RH5310, a macroreticular resin, hiqnhly specific for "
chlarinated hydrocarbon adsorption, aonears warranted, and [ concur
with his qood advice., Hopefully, laboratory stuiies will orove
that this resin has a preferred affinity for trace R-Cl over PG,




Enualization Pond or YUnit,

Sone nention here should be made of the utilitv of some sort of
equalization vessaY or nond to renlace the nresent mixina tank of
mininal capacity. You seem ta have hefore you a choice of economic
trade~offs batueen nlacement of this tank hefors the steam strioper
or hefore the corbinad industrial-municinal activated slurdge unit.

1 beliave, and ! will have tc 2ive this considerahly more thouaht,
that sonme sort of conmrowmise can be arrived at reqarding size, but |
stronaly feal that there must he two enualization units, cne prior
to the steam strianer {(its nroner operation is as important to the
product P0 qualitv as to the reduction of nollutants discharged to
the neutralizer) and one hefore the 3eration hasin. FElimination or
minimization of suspended solids carryover will obviata the need for
larger equalization units or oonds. .

‘leutralization Tank.

As with all nH nrobes, they arz suhject to the harshness of the
environment into which they are nlaced. Prooar selection of
qualitv oH nrohes and replacement parts, together with constant
maintenance will nrovide adeanate 1ife to these prohes,

After ohservation of the tanks, however, [ feel that due to the
nature of the conditions there, i.2., "0t wastewater and hvdrocnloric
acid, thar corrosion to electical conduits and canies and leads has
taken its t0il. [ recomrendeas that, in the ruture, the nii meter
asserhlies He mounted away fron the ton and a distance to the side
of the neutralization tanks. As vou realize, it is essential that
renote operational control of o4 be strictly maintained onrior to
Aischarae of this wastewater to the hinlosical system.

Filter Prass,

I have three separate coaments t0 address recarding the filter
press operation., Firstlv, worker safety should be stressed through
an educational oroaram to inform the staff of the notential hazards
to human health due to the chemicals oresent in the raw susnensions
to be dewatered, i.e., the chlorinated hydrocarbons, specifically
ECH and OCDIPE, both active carcinogens. ‘orkers must wear protective
gear {face masks with carhon filter cannisters and nroper clothing/
gloves for skin protection) at a1l times, Secondly, as a precaution,
it might nrove wise for HA%-1 %o monitor the amhient air for
total R-C1. [If the concentration is found to exceed safe 1imits
(reference - Sax's Handbook on Industrial Chemicals - as a guide),
ft might be wise to provide the workplace with adequate ventilation
(e.a., fans). Thirdly, the concept nronosed to me that it mayv he
possible to reuse the filter cake for agricultural soil stabilization




strices me as resourceful thinkinn., [ would caution, howevar,

that overy effort be undertakan to insure that the residual chlerinated
avedracarbons will ansa no futurs problems ranarding nlant uotake or
transter to veqetablie crons.

5. Qecnmnen:iations.

2.

Because | am a firm believer in absolutely clean feedstocks, hased
‘1pon v chamical oniineasing training and 2xperience, tonether with
what | have seen and evaluated here in Tuzla, [ cannot unconsciously
avoid the stronnest racommendation that HAK-I imananement consider
farsaking lize in lieu of caustic soda. dver S0% of vour PU
wastawater treatment Jifficulties (pre-treatent prasently and
mupnicipal industrial comdrined hinlogical treatiment ir the future)
sten fron tha fact that the lime is of inferior qualitv. Caustic
soda is oroduced uithin the factory limits, and the nurity can bde
aaintained, Althouah tne cost of caustic sod2 is higher than line
initiallv, tha henefits fron its use have o outweich the additinnal
costs. The followina tabie lists the Advantaces versus the Jisadvant-
aqes of chnosina this recommended alternative:

HaOH

§
Nisadvantagas ' l(

4iqner ¢ost of feedastock naud {hut lower 20 cest overail).
Sone easinment modifications: storaue vessals, puns, =2tc.
Addena safaty nrecautions,

Possibly sau2 qore PG produced in saponifier,

Nvantaces

(1)

-
N
o

(3)

Can he used in a scrubber to wash unreacted oropylene and propane in the
prooylene faadstnck, wnicn leave the top of the PCH reaction tower, to
remove HC1 and any residual C1p and allow racycle or use elsawhere in
the nlant as fuel, o.q., incinerator feed maka-uyp,

Fewer side reactions in sanonifier due to absence of R703 and i190. Also
Tonner impeller and dJdiaphraqm life in pumps due to ahsence of qrit and
sand from limne.

Elimination of thickener-sedimentation unit now used to process solids
in Hastewater Stream -3,




o

: (%) Elimination of ash reaoval device and filtar press and, therafnre, no
need for ultinmate disposal of dewatered filter cake.

-t.

{8) Possible elimination of need far larger equalization vessel %o replace
mixing tank prior to steam strinper,

(5) Increase in efficiency of steam stripper {reduced scaling on nacking
naterial - no SiCp to deal with),

(7) Significantly reducad SS concentration.

(8) “astewaters from process that are more consistent and equipment with
fewer Jroblems,

(9) Better cooling tower operition, .

,{10} “dle ncw to take advantaae of Yow Chemical Zo.'s exnerience in treating
of similar wastewaters biglcaically,

{11} Sianificantly reduced load on proposed binlogical system.
(12) In aeneral, minimization and simplification of PO wastewater oretreatment.
(13) Reduction in freguency of wonitoring requirements.

h. In lieu of the fact that the srtaam strinper is the heart of the 20
plant’s pretrzatnent system, [ aaiieve tiat it should be allowes to

-

function as desinned, Therefor2, [ proposed to substitute the
neutralizacion vessal in place of the aixing tank as follows:

b i
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e

1T is alse possibia to usa the aresaat sixinn tank (F-101) for
neutralization of clarified “asteuater Strean -3 orior to its nassane
to the equalization tank, There are twn functions for the vessals
as doscribed hera: (1) neutralization of Uastowater Stream -3, and
(2) equalization of 'lasteuatar Streams -}, -2, -2, -A in order that
fluctudtions in concentrations mav ha danuenad hetfor2 introduction
of the comnletoly-mixad wastewater, at ni 5-%.5, ta the steam
stripper. In this way, the stripper may.-be 3llowed to operate as
nriginally desioned - as 3 unit nneration for the saparation of
chlo=inated or more voiitila arianics fron water taroush the driving
force of steam. o additional neutralization would be required
aftar strioping and the treated wastewat2r nav he discharaed,
without further cooling, t7 the comhined industrial-nunicinal
treatiment nlant.

Furthermore, I believe it would be sagacious to recowmend that
the previous oretreatment modification be oilot-alant avaiuated at
a scale sufficient to nive statistically reliable data. Of nrime
concern are oparational data to establisi the antirum ol requiranents
or range for the strisping column. This should also reduce the
HC1 reaguirement souwewvhat.

tou should Be aware that only a prooeriy 1esidned and operaiend
sadimentation tank, in advance of the neutrilization and =zaualization
wessals, can a tsleraind., The inoreanic orecinitated solids and
fnerts can than de rerioved Trom the arit Slau-off ang drain and
giscarned Lo a 13adfiil ind the Za{hi)2 concentrated in a thickener
for subseqguent recycle as mak2-up to tha sanonificalion unif, as
is common praciice in the U.5. {Tiis assumas that lime is still
used, of coursa.)

[ heliave i* advisabla that 3 sroner staff meabar froum tha
Institute or HA¥-I arranae a visit with Or, Shernardt Dyarenfiron
at the Dow Chenical Co. researcih facility in Horaen, Switzerland
{(near ZUricn), if he is available., ie is considered Now's PU exvert.

If it is still not possible to use caustic soda in lizu of
lime, for either econowic or political reasons or both, then |
#ould recommend the following:

(1) Routine (composites from each new batch of lime) analysis of
Jime auality, narticularly ash, and wnst jmportantly, to assass
the activity nf the Cal., :

(2) Pre-treatuent of lime to reduce:

Mo & 1.0%
Si02 < 3.2%
Ra03 < 1.0%
5033 ( 1.0}.-'
ash < 1,0%

(R
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- The final Cafl active content should he >35% at all times. This
nretreatment will result in the use 9f additional eauinrent and
nenerat2 substantial quantities of sludne, >5% of toatal lime, vhich,

of course, will have to he disnnsed of nroperly in an anorooriate

landfill, However, the extra exnense will result in added savinos

r2lative to hoth PQ quality and auantity and sianificantly reduce

70 process nretraatment cnsts. These savings chould more than ,
offset the incrementally nignher lime pretreatment exnenditures.

R. ‘lunicinal-Industrial Yastewater Tr2atnent

1. HAX-I, HAX-11, and Municinal ‘lastewater Treatment Options.

a. DMption 5.
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(A more detailed evaluation with recormendations is contained in
the section titled: Recormendations.)
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Connarison to Dow Chenical Ca. Uastewater Treatrent Scheme.

The f2llouing design snecifications wore usad hy the Row Chemical Co.,
freenort, Texas for a 6 !1G) (22,7CO) m Iday) activated sludqge wastewater

treatinent 3lant:

Flow Rata 3200 61 (15.75 =3 /nin)

MaCl 9.0%

Snecific Sravity, 20°C, 1.063 '
MadH 0.19%

Temoerature 180°F. (82.2°C.)

T0D 1499 o/

300 510 mg/1

Prooylene Glycol 640 mg/) .

A schematic of the treatment arocess fallows:
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The m3jor cancliusicn of the investisation w3s that the results obtained
deronstrated that a significant advantace exists for the commletely-
nixed node of aoneration esnecially if the feed is equalized to dampen
the chances in ardqanic chemical loading,

3. fiscussion of 2otantial Problen Areas.
2. Suspended Solids Removal/n!t Adjustrent.

A nrooerly maintained and onerated wastewa<er treatment facility
mst, by definition, nrovide adeanate nH adjustment and suspended
solids removal arior to the wastewater underaoing eaqualization and
subsequent hiolcaical and/or ohvsical-chemical trzatment., The reasons
for this nrerequisite are obvicus. A truly binlogical system cannct
function ontimally in a pH ranne outside 7-8.5 or with a

. susnended salids leoad predoninaatly commrising inorganics, e.a.,
Ma(nit)y, MaCNa, CaChi, CaSha, C3(lH)9, Si02, etc. These
inorqanic constituents *ond %o cause less than satisfactory 2ffects
on the hiomass resulftina, an the one hand, in the generation of
filamentous narticles, or on the other hand, thin or finelv-iivided
MLYSS that will have the tendency not to settle even under the
nost heneficial conditions.

b. Eaualization Tan%/Pond.

I cannot nveresshasize the inportance of this vital sennment in
the averali seaquence of the treatmuent scheme. Good environmental/
sanitary 2naineering practice dictates/mandates the utiiization of
such a davice whose snole nurnose is %0 danen or even-nut fluctuations
in ornanic chemical loading emanating from :H\K-I1 and HW-II,

tornal design rule-of-thumb states that a mininum 2-day retention
tine he emnloyed. However, in the case in guestion, I realize this
to he imractical, Therefore, ! onropose that an 8,112 m?/day x
2 davs ¥ 16,000 n3 reservoir he used. [ cannot, in all honesty,
envision a snaller-sized unit that would offer sufficient protection
to the hinloay within the extended aeration basin, recallino that
8,112 m3/dav of 4AY-1 and HAX-11, wastewater are to be comhined with
3,980 n3/day of sunfcinal wastewater (25% of total wastewater flow
or Ootion 7) - a mininum case condition. %ecall %hat the advantage
of the extended aeration concept is to allow the binta present
therein additional 2xyagen for respiration to acclimate to the
harsher conditions of stronger than normal industrial wastes. I
believe that sacrificing retention time, i.e., volume, in the
enualfzation tank, is removing that last measure of safety for the
already nverstressed hinmass.
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?ilot Plant Evaluation. .

Prior to full.scale desian and ultimate ¢onstruction of 3 uastewater
treatrnant vacility, good enaincering aractice and comson Ssense
dictate tihat pilot plant studies and evaluation nsrucede any major
etgineerina decisions. Such pilot-scale evaiuations shouid be
representative of both concentrations of chenical wastes to he
treated toaether with proportionally envisioned flowrates. Therefore,
I helieve it in the best interests of those in the decision-making
arocess to contamplate & oilot plant scale in the range of 1,000 -
13,000 1/day. Such an investigation should also consider as
mandatory the abtaining of the following desiqgn parameters:

(1) Removal efficiency for the parameter chosen, e.q., T0C, T0D,
con, 8Cng, stc. .

(2) Optimun temperature for the activated sludge,

(3) Allowable temnarature ranne of operation.

(4) utrient requirements,if any.

{3) [710C, TN, COM, 3005, etc.] removal rata.

{7} Oxvgen utilizstion.

{7} 9xyien transfer (e¢and@j.

(3) Studge production.

(9) Optimum loadina range, i.e., kg TUD/kq 1LYSS-day.
{10) Bacterial species identification,

Muring the conduct of the pilot plant investigation, certain
facts, ohtained from previous studies, shouid be borne in mind:
() The presence of sustained high chlorides (C1-) qgenerally

depresses respiration, but periodic operation at low chloride

concentration has been found to improve the tolerance of
activated siudge to “iqgh chlorides.

(/] In the biochenical oxidation of propylene qlycol, acetol
appears to he the first oxidation product, This metabolite
has heen identified by GC-MS. Traces of acetic acid were also
detected in some of the intermediate samples.




-15-

“iluticn of the pronylene alrcol wastewater (or nropylune
oxida, if you prefer it) to a salt (MaCl:recall caustic soda
was ysed as the sa2ponification agent) content of 6-8% apoeared
to increase the rate of T4D removal appreciahly withh the mixed
culture used,

Loadings below 1.3 1bs TON/1b M VSS-day resulted in a sudden

loss of bdactarial concentration, whareas at leedings ovar 4.0 '
or 5.0, filamentous bactaerial qrowth resulted, with poor

settlina pronerties and a rasnltant hiah concentration of

suspended solids in the effluent from the settling tant or

clarifier. The recomaended range of organic ltoading for this

mixad (3cclimated) culture is: 1.5-3.7 Ibs TUD/1b MLY¥SS-day.

The most numerous bacterium oresent is a gram-neaqative, non-
motile, oxidase-positive rod. Biochenical tests reactions of
49 isolates from the activated sludag2 indicated that there
were no aore than three or four species.

The gro«th of this cultur2 is favored at higher temperaturas,

Good ooeration was maintained during the Summer nonths at

100°F, £a3.2°7.), but difficulties viere encounterad it

<anperaturas helow 55°F, (13,2°C.), “uring winter operating

conditions, The temperature of the aeration basin was maintained

at 95°F, 135°C.) by heating, as 3 resul:, (

The gptinum oxynen yptake 2pocared to he at 4 tamnerature
between 30-35°C,

A lower ratio of active oxygen dewmand tn endocenous ~espiration
seems to be a characteristic of halopnilic bacteria trat
di“farentiates it from freshwater hacterie {examgla: ratin of

-

AOD/ER ~ 2 for halopnilic versus A~ 35 or 4 for fresihwater).

Sludge settling experiments showed that with an initial bacterial
concentration of >1,100 mg/l, 0% suspended salids removal

could de ohtained in about 20 minutes. Sludges with concentrations
<1,000 mg/1 took much longer to settle. Juring periods of
disturbances in the plant operation, samples of the sludne had

a sludge volume index (SVI) as high as 190, for which 2 removal

of 70% required over 100 minutes. Under normal operatina
conditions, the SYI varied petween 50-60), and 37% of the siudae
settled in <20 ainutes.
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9. - The w3lonhilic hacterial culture requires hiacher concentrations
of nitrogen and lower concentrations of nhosohorus than the
freshwater cultures reported in the litarature, A ratio of
1002 of 200:10:1 was found to he the ootimized value for

the nutrient

requirement. For an averane of 1,500 mg/1 TOD in

the P0 vastewater (3MDg = 540 mec/1), 50 mq/Y HH3-Y and

5 me/1 PNp-D

fed ocave 2 residual of 8 na/1 ! and 1-2 maq/1 P in

the effluent.

o Results showed that a significant advintaae exists for the
commletelv-mixed mode of operation, narticularlv if the feed

is enualized

d. Polyol ifastewater

’

1 have revioved

to danpen the changes in oroanic loading.
Tffects on Biological Treatment.

the following data recardine projected wastewater

fiows and characteristics for the nolvols arnduction withrin BAK-I:

N avg : 1154 m3/day
0 max : 1320 m3/day
300c dailv avg ¢ 632 %a/day
€00 daily avg : 1569 %g/day
Tern, daily avqg : 19.5-32.7°C.
SS daily 3va : 20 kn/dav
pH Max : 3.7-11.1

oli_min : 3.5- 3.1

SOy ave ¢ BR.4 %g/day

From these data

and other figures made available td me, and

assuming the selection of Option 7, I have constructed the following

table:

Wastewater Source

: {?0
HA% -1 4 Deternents
Polyols
HAX=-11
sub=-total

Municipal (255 of total)
Total

13 max % of Industrial » of Cohined*
m~/day Total Total
5,380 72,5 3.5
120 1.5 2.7
1,329 16.3 7.3
792 9.8 4,7
"’liz z’o,
3,320 - 52.3 '

97~

* Conhined Totals Industrial + 25% of Municipal (Option 7).

Hence, §f one us2s the 7.8% of comhbined wastewater flow to the eaualization

and extended aeration basinsand applies it £o the nollutant concentrations

depicted in the upper table

on this page, one arrives at the following figures,

based on dilution alone (see n. V1, B.l.b schematic):




Source

of Q.max % of Combined  BODG* avg  COD* avg  SS* avg  SOp* C1=* 0-nen "
Hastewater m3 /day Tota) Flow kq/day kq/day kn/day kg,dqxﬁ kq/day kq/day
PO 5,880 34.6 1103, 3,644.8 3,187, 3A5.7 32,351, 0
Detergents 120 0.7 0.2 0.6 - - - 0
Polyols 1,320 7.8 49.3 129.5 7. 6.9 50.5 0.57.
HAK~11 792 4.7 10.7 32.0 4.6 40,1
Muncipal 8,880 52.3

*

Estimated pollutant loads to comhined (industrial + 257 of municipal) wastewater treatment plant (Ontion 7).

]
-
Al
&
]
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It therefore bHecores apnarant that the nolvel wastewater with its
content of arnanic and inorsanic comnonents does not account for a
sionificant nortion nf the rotal lead reachine the comhined wastewater
treatment facility, in any categary denoted.

This estimatad evidence, together with the hard evidence nathered
by the Institute of Chemical Ennineering recarding the suscentability
of the nolvol wastewater to hioloaical treatment, lends Credence to '
the conclusinn that this wastewater should nose no roal treatability
arohl2m, This conclusion raquires only to bhe verified in the pilot
plant studies.

e. Neteraent Plant “astewater Effects on Biological Treatment.

Referring %o the calculations presented for this seament of HAK-I
in the tahle cn nace lbe, there annears to he no reason tn warrant
any concern %hat this wastewater will cause nrobiems to the binlony
in the acration hasin., However, one word of caution - it should
First he pstadlished that no sianificant alkyl benzene suifonate (ARS)
cormounas bSe discharced in the wastewater or thev will nlay havoc
with the operation nf the biologicel treatment system nue to their
resnective foarting notantial.

f. HAY.1T tlastevacer Effects on 2inlooical Treatwent.

Caref;l axantination of the caizulations snown in the table on naqe
tea will show that the HAX-1I wastewasner flow oniv renrasents 4.7% of
the £otal influent flow to the treatment system ouilined on nage
(Ontion 7). Therefore, oraanic inadinc does not annezr o present
anv =3jor problens. !/hat may srove £o he the major concern with
HAX-11 wastewater, however, are the ralatively aiah concentrations
of 0C3. 1 believe these to he zontrolladle in any recard ang i
pronos2 that tue following schere he investigated in oraer that the
HC1 requirariants he evaluated with due regard paid to analysis of
any siqnificant reduction in inorcanics as a result of this treatment.

PO vV\Ai,aJEZhﬂizﬁavanJZZZ#ﬁiaf

S280 Am3/ W6-8.5
y 4’3 P
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Residual 37 may cause scaling problens, but recall that Cashy
has an inverse solub11i~y with increasing tenperature. (Conditions
of higher temerature and co-sracinitation with other insoludbles
may craate z synertistic, nositive affect.

The final simificant iten that 'mst he reaarded hiohly is the
presence of o-dichlorobenzene USPd as 2 solvent in HAK-11. Jifter
dilation it accounts for only 0,357 kq/day Inad., Mow, vhether its
presence is controlling or not denends entirz2ly on how vell acclinated
the nicruoraanisms are. They will nrefer as feod, I helieve,
aliphatic araqanics, bu® nuite possihly there will devalon surf1c1nnt
quantities of 0-3C8-loving nicroorganisms within the active biomass.
Again, pilot plant investinations will prove immensely important in
this regard.

Carhon Adsorption as a Potential Tertiary Step to Attain the later
Nualitv Reauirements,

If the selected combined industrial-municinal bioloqical treatment
system is unahle to meet the Water Yuality leonirements af 20 ng/l
8005 and 20 ma/1 §S and the recomended limits for specific
chlorinated hvdrocarbon comoounds, specifically 6-9C3, cCh, and
DCOIPE, then I helieve it wise %o consider the notential of emploving
a tertiary carbon ansorption sysien to "polisi” the effluent.

Certain information, ohtained v Now Chemical Cn. and the Calgon
Corporation are therefora suamarizea belaw,

0 The hinh adsorntion capacities of activated carbons ray he
useful in recvina low concentrations of chlorinated nvdrocartons
that miaht hHe toxic, as a pretreatrent sten, orior to the
activated sludae process, nrovided that the snecific stream
can he isnlated and so treated, so as to minimize the carbon
requirenents.

] The capacity of carbon for G and the like from wastevwater
feed is about half of its capacity when a synthetic solution
fs fed under normal operating conditions. This is partly due
tn the competitive adsorption of the chlorinated organics in
the waste strearnt,

o The capacity of activatad carbon for ECH and DCOIPE is very
high coanared to the qlycols.

(] The untake of qlycol increases with increasing pH. An increase
in pH quite probably results in an increase of the negative
charges at the surface of the cardon, thus enhancing the
adsorption of the nositively-charged glycols that are known
to be hydrogen-bonded with the water molecules.
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h. Shat Pond,

*

One should never faraqet that there are always emeraency situations
that occur within a chemical wmanutfacturing comalax. A hatch of
nolysl may he required %5 he puryed suddenly from a reactor or an
unexpecsad innurity in tha PCH eeactor wmay produce a higher than
noraal concentration of PNC, whereunon the entire reactor's cnrtants
nave to be purged irwediataly to maintain satety. ‘'lhat then? Provision
must_be nade for a “shqt pond” or enerqency recentagle for such a
disciraraa, mcrz than iik2ly located within tha confines of HAK-I or
HAK-11 ar both. :

4, Recommendations.

c.

d.

First and foremost among ny reconmendations is the dire need for
an adequata egualization pond of proper size whose desian incorporates
the hest enqineering judgment, I firmly helieve that the decision
makers would 32 ill-advised to accept an equalization pond with
less than a 14,700 a3 volume far the reasons contained in the
discussion on nage 13,

Furtheraore, [ stronaly advise that a small, bioloaical reactor,
which is canadble of simulation of what actually is accurring within
the aeration basin, be developmed. Such a binlogical reactor would
Ye Zasianed o monitor dynanically anag spontansousiy if a narticular {
tréce organic cnemical is capanle of sroducing 3 taxic efiact an
the >igmass, vefore ih actually occurs in the normal oneraiing scneme,
Laboratory investigations, therefore, sihould commence well in
advance of the actual start-up of the full-scale tr2atient Tacility.

The same can be said of the need to initiate pilot plant investi-
nations of the traatwent sequance 4211 hefore final specifications
for the treataent piant are nut out o oid. The nilot plant should
be scaled in the range of 1,000-10,003 1/day. Specific detaiils of
what design parameters are to be considered are presented on page
j4 of this report.

I recommend that the pH adjustment scheme shown on paqge 1% be
thoroughly investigated to ascertain its merit.

I have studied in detail the two most reasonahle alternative
industrial-rnunicinal wastewater treatmwent cenmbinations that are
depicted on page 1) and have considered also the econonic
feasihility of each, [ certainly endorse their selection fron
among the seven alternatives presented., [ have come to the conclu-
sion that, in my professional ¢ninion, that Option 7, although
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slightly more costly in canitil and operatina costs, is the .wra

flexiple of the two and is well worth the additional sutlay of

funds, iy reasons for this decision ara mainly twofold: firstly,

the utilization of extanded aeration is well suited to an industri2l

wastewater with the cemnlexity of that with which we are dealina,

Jith futur2 gqrouth and expansion in the HAX-1 and HAK-II complexes v
a predictable occurence, Option 7 possesses the flexibility require:d

by such a forward moving industry as that dealina with petrachenical
manufacturing, ‘

Nptinn 5, in the meantime, has little flexibility huilt into the
desian and would require a humunqgous equalizaticn basin and does 4
not include provision for reuse of hiologically produced siudqge.
Besirias, the siudye jenzrated would contain unknown amounts of toxic
chlorinated hydrocarbons both passing through the activated sludge
untreated because of their refractory natur2 and unknown and
potentially more toxic metaholites, whose nresence within the snent
sludge would preclude its proper utilization as an aariculural <
soil stadilizer, and requiring an axtranely large dewatering system
and ultimate disposal landfill site. Furthermore, the asresenca of
the potentially toxic oraanics and rietabelitas quite possibly would
lead to aollution of the arounduatar resources located beneath the
landfill site chosen.

Mption 7, however, alliows reuse of that oortion of the sludqge ¢
neneraced froa the wmunicipal wastouater (/7357 of total flow) traatea
in the convaniional activated siudge orccess. Such a sludie has

known characteristics and may e usad 3s an agricultural soil '!'
stabilizer, thus resulting in a sizable return on the original
investient costs.
1 helieve Option 7 t5 be a weil thouqght out altarnative wortihy of f
tha full support of the deczision axers. ,
¢

My final recommendatinn deals with what I feel would be most
heneficial to the team of scientists and engineers working at the
Institute. Becausea the wastewaters produced at HAK-1 and HAK-II
are rather unique, they require snecialized and advanced treatment
methods, not normally well Xnown or understood. [ feel it is
in the best interests of all parties, that a staff :nember contact
Dr. Willard Taber, Professor of Sioloqgy at the Texas AZM University
in College Station, Texas to further his/her education and experi-
ence in the binlogy of walophilic bacteria. 0r. Taber is one of
the few people in the world vwho has spent the last 10 years investi-
qating this subject.

R
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