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This report describes discussions held at National Fertilisers Limited (NFL),
Panipat and Fertilisers and Chemicals Travancore Limited (FACT), Cochin, India
regarding Water Technology Management in November 1986.

The report is in three parts:

i Conclusions and Summary of Recommendations for each site.

ii NFL

ii Notes on discussions, principles of problems and recommendations at
Panipat.

iii Appendices containing detailed technical points a2t Panipat.

iii FACT

ii Notes on discussions, principles of problems and recommendations at
Cochin.

iii Appendices contairing detailed technical points at Cochin.
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1.0 CONCLUSIONS AND SUMMARY OF RECCMMENDATIONS

PRE=TREATMENT

The Pre-Treatmenc Plant was not in a fully commi-
Ssioned state. It could not and was not being operated
as installed and designed. This has produced downstream
influences on boiler sil.ca level, resin fouling, need

for pre-chlorination and on cooling water control.
It is recomnended that the system be fully reco-
mnissioned. It is & management matter, nct a capital in-

vestment rejJuirement.

DEMINZRALISATICN PLANT

This is Qorking well but the anion resins have
reached the end of their life and should be replaced.In
my opinion there is nc m2ior organics fouling problem
justifying capitzl expzanditure on brine wéshing or acti-

vated carbon ejuipment,

It is recommended that the practice of pre-chlori-
nating all the site raw water should cease. This will
save chlorine ané prevent potential damage to the demine-
ralisation plant and beiler.

There are no technical reservations or recommenda=-
tions to méke on the choice of hydrochloric versus sulphu-
ric acidé regenerant. It is & commercial Secision to be
taken by loczl management,

Proposals are méde regarding condensate recovery
whereoy the existing polishing system is by-passed when
it is in specification(saving revenue)ans used in various

other ways when cut of specification to save wasting it.

ContQeves




COOLINS SYSTEM

There are genuine problems on the cooling system
causing unwarranted shut-downs ani loss of production.

In my opinion the two fundamental problems are
lack of control on the chemistry, due to lack of commu-
nicetion or action following communication between the
technical and production personnel ané loss of biological
control of the system., The former is management, the
latter technicel &nd proposals are made to appoint a co-
ordinator who is identifiably responcible for water mana=-
gement. A technicel programme is proposed to regain con-
trol of the biolozy of the cooling system &nd the princi-
ples involved &re explained. No capital expenditure is
involved but initizl costs will be more until contrel is
regained and improverents provide payback.

CHIMIC.T CLEZANING

Properly managed this would be @ vital part of
improving plant he2t exchanger reliability. Coupled with
obetter coding water control it would lessen failure rates
and reduce unplanned shutdowns and it is recomrended that

it is zCopted &s 2 positive mzintenance technique.

FUTURE

The coolinz water problams will téke some time to
ccme uncder ccntrol =nd rejuire on site work during that
time., If & review at some future date was rejuested by
Fanipast manegement it should not be less than 6 months

from this report.
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Tbe Fertilisers And Chemicals, Travancore Limited

1. Sumary of Conclusions and Recommendations - FACT

1.

3

5
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The quality of raw water available to the Udyogamandal site is
a corrosive one, difficult to treat in cooling systems and one

which has given problems in this area,

Pretreatment of this water is necessary aund the new plant,
currently being built, should help alleviate some problems,

The anti-corrosion programme choosen for the cooling water is
the best but it hes not been applied correctly., An explanation
of the principles and recommendations for future control are

given,

The operational policy of the deminsralisation (DY) Plants on
the sulphc-ic apd ammonia installations has been developed along
technically deleterious lines. These errors are explained and

recommepdations for future control are given,

Failures in the Sulphuric acid boiler are potentially as e
result of misapplication of standards followin; the change from
softened to D) water, Hecommendations for future control are
given, If successful this would oL viate the need for mechanical

modifications e.g. raising the steam drum,

Potential corrosion of the sulphuric ecid economiser is identified

and recommendations for extra inspection are made,

In Several cases a clear need for chemical cleaning bas been
jidentified, This is a function of the age of the equiiment and
the type of water technology employed. It is recommended that
F.CT personnel receive truining in this field to best take
advantage of the techniques,

Some of the techmiques available in the Laboratory are inadequate
for the control of the site and recommendations for upgrading the

service are made,
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This Report describes discussions held at NFL

Plant, Panipat, Iniia regarding Weter Techno-
logy Management in November,1986., It is essen-

tislly in three parts:

i) Conclusions and summery of Recommendations

ii) Notes on discussions,principles of problems
and recommendations.

iii) ~ppeniices conteining detailed technical
points,,

Author : D.G.Hooper 21.11.86
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1,0 CCNCLUSICNS AND SUMMARY OF RECOMMENDATIONS

PRE=-TRZ~ATMENT

The Pre-Treetment Plant was not in a fully commi-
Ssioned state. It could not and was nct being operated
3s installed and designed. This has produced downstream
influences on boiler silica level,resin fouling, need

for pre-chlorination and on ccoling water control.
It is recomrended that the system be fully reco-
mrissioned. It is 3 man&gement metter, nct 2 capital in-

vestment reJuirement.

DIMINZRALISATION PLANT

This is working well but the anion resins have
reached the end of their life &né should be replaced.In
my opinion there is nc m2jor organies fouling ~roblem
justifying capitzl expznditure on brine wesning or acti-

vated carbon 2juioment.

It is recommended that the practice of pre-chlori-
natins all the site raw water should cease. This will
save chlorine and prevent potential damage to the demine-~
rélisation plant 2nd beiler.

There are no tecnnical reservations or recommenda-
tions to méke con the choice of hydrochloric versus sulphu-
ric écié regenerint, It is 2 commerc:al Secision to be

taken by loczl management,

Proposals are made regdrding condensate recovery
whereby the existing polishing system is by-passed when
it is in specification(seviny revenue)an3 used in various
Other ways when out of spzcification to save wasting it.

Ccontd....




CCOLINS Sysrewm

There are genuine problems on the cooling system

causing unwarranted shut-2owns ans loss of production.

In my opinion the two fundamental prcblems are
lack of control on the chemistry, due to lack of commu-
nicetion or action folleowing communication between the
technicsl &nd production personnel and loss of biological
control of the system, The former is management, the
latter technicel end propos:ls are wade to appoint a co-
ordirator who is identifiably responsible for water mana-
gement. A technicel programme is proposed to regain con-
trol of the biolozy of the cooling system &nd the princi-
ples involved zre explained. No capital expenditure is
involved but initisl costs will be more until contrel is

regéinel ani improvazents provide payback.

Properly managed this would be a2 vital pert of
improving plant heat exchanger relisbilitvy. Coupled with
etter coding water control it would lessen failure rates

énd reduce unplanned shutdowns an4d it is recommrended that

-

t is zéopted &s 2 positive mzintenance technique.

FUTURE
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PANIPAT PLANT: Built in 1979, it is an Ammonia-
Urea complex of Toyo Design utilising fuel oil as

feed based on the partizal oxidation route using
site produced cryogenic nitrogen. The auxiliary
boilers are fired with coal and steam is raised
at 100 kg/cmz. The loop is Topsoe technology.

water is abstracted from an irrigation canal
to alternately fill one of two unequal reservoirs
of approximately 113,000 M and 150,000 »> working
vol:ne where considerable natural settlement of
silt occurs. The design a2llows water at 2 rate of
1371 M3/h. to be pumped to two clariflocculators
where chlorine and alum are added. Clarified water
flows through sand-gravel gravity filters to an
underground storage tank which is the site filtered
water supply. Currently, approximately 300 te/h.
flow to the demineralisation plant, 70 te/h. 3s
direct services to tne plant, 27350 te/h. is used
for cooling water makeup and 105 te/h.as drinking
water for the NFL community. Approx. 500 te/h. is
required for deasnhing duties which is taken from
the effluent treatment plant exit.

Although the site water technology management
must be a totally integrated operztion, for the
purposes of discussion it was Droken down into the
£0llowing ereas: Pre-treatment, Demineralisation,
coocling systems &nc boiler systems. Detailed dis-
cissions were held on each of these in three and
two hour sessions each morning and afternmoon.Notes
on each area of discussion form the detail of this

report.

cont8eee
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PRE=TREATMENT

Introduction - Water ruality analyses of raw and

filtered waters are appended (Appendix 3.1.1 ard
3.1.2) from which it c¢an be seen that the design
water is of high turbidity with low dissoclved
solids and organics. Probably due to the benefi-
cial settlement in the raw water reservoirs the
water typically reaches the plant with much lower
turbidicies than design although, on occasions,

the sedim:nt has been disturbed by pulling too hard
on the reservoir and pérticularly in the early part
Oof the rainy season when high levels of solid reach
the clarifiers.

The particular problems identified by Panipat
personnel were very high levels of sulphate reducing
bacteria(SRB) in the incoming water(see aAppendix 3.1.3),
problems of colloidezl silica giving hizher then ex~
pected levels of soluble silica in the boiler(see 3,.2)
and organic fouling of the anion exchange resins in
the demineralisation (DM)plent (See 4.4).

The pre~treatment plant was visited on & number
of occasions during the consultancy when it was appa-
rent that not all parts of the plant were in a8 fully
commissioned state and Siscussion with the operators
suggested that this was not unusuzl e.g. the alum so=-
lution preparation system,

During the discussions, the incorming pd of the
water was around pH 8 and yet only 1C ppm of alum
was believed to be beiny added. 1In theory this would
only destroy 4.5 ppm of alkalinity ané not reduce the
pH significantly., It should be noted that at pH's
above pd 7.4 some aluminium will rem2in in solution
in the EZC standard for drinking water is < 0,05 ppm
(EEC N C 214/6 to 11/75). It would be prudent to

contd. ..
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check the level in the drinking water to the
NFL township and medical advice sought for its
significance especially at times of high turbi-
dity when high 3lum levels should be used e.g.
upto 120 ppm.

In laboratory tests conducted on 13.11,.86,
10 ppm 2lum adied to the raw water produced neg-
ligible floc which could be removed and poten=-
tially adced approximately 0.8 ppm of Al to the
water. A 10 ppm &lum dose &t pH €.5 produced &
good floc and could be expected to produce a
residual alumina concentration of < 0,05 ppm.
40 ppm alum produced identical floc in pH 6.5,
7.0,7.5 and unadjusted (pdH 8) water. Even though
floc was produced some aluminium would remain in
solution at the high pH.

From this it wé&sconcluded that the water was
not being flocculated and clerified correctly at
the time of these tests. Becauss little turbidity
was in the watar &t the time, little colloidal
silica would be expected to be present so no silica
problem would be expected in the boiler(which was
the case!), Appendix 3.1.4 shows typical results.
However, pre-treitment has several effects besides
reducing suspended solids ané colloidal silics,
Table~1 summarises the role of Pre~-tre2tment.

TABLE=-1

Role 0f Fra=tre.tent in Weter MeEnagement

Correct Pre-treatment Effect if not reduced

reduces

ST

1) colloidal silica High boiler water silica.Increas-
' ed blowdown. Loss of efficiency.
- Danger of damage to turdines.’

Contd. v
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Correct Pre-treatment
reduces

Effect if not reduced

-l w o o o

2) Suspended solids Overloads filters. Can clog
in exchange units (counter
current systems would suffer
damage). Increases fouling
in cooling systems; makes it
more difficult to run zinc/
phospnate systems and to
control bacteria,

3) Crganic material Fouls ion exchange anion
resins. Increases fouling
in cooling systems and makes
it more difficult to contrcl
tacteria,

4) Bacteria Increeses problems in cool-
ing systems in terms of bio=-
logiczl control.

5) Iron Fouls ion exchznge resins.,
Increases fouling in cool-
ing systems.

These 2are the re2sons pretreatment is installed
initially and for optimum subseguent operation of
all downstream ejuipment it is imperative that the
plant is operated correctly (see other areas for
cross-references e,g. noiler silica(3.1),cooling
system problems(5.3) &ud znion resin fouling pro-
blems (4.4).

Colloidal 35ilica Froblems -~ Cccasicnal problems of

high boiler water silica znalyses despite low D.M.
water valves were Ziscussed,

This is almost certainly due to inadequate
control of the pretreztment plant either in terms
of pd ccontrol or alum dosage, Meesurement of co-
lloidal silica is extremely difficult and would not

Contdeses
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nomally be recommended, but if abnormal silica
levels are found in the boiler with normal D.M.
silica values then immediate checks should be
made on the operation of the pretreatment plant
and every effort made to keep the boiler water
silica level below 1.8 ppm tc avoid turbine pro-

ktlems,

Routinely, levels of colloidal silica are
reported in filtered water but this is believed
to be dJue to limitations in the method because
beciler water silica values do not &gree with these

values,

Problems of colloidal silica can be predicted
in 2 general way in the sense that &t the beginn-
ing of the rainy season extré vigilence will be
needed =2nd i< the raw water reserv>irs are dis-
turbed, The l:ztter could be minimised by regular
cleaning of the reservoirs to remove accumulated
silt.

DEMINEDRALI 35TION PLANT AND CONDEN SAT

()]

IECOVERY

Specifications of demineralised water and
returned condensate are in Appendix 4.0,1 and
4.,0.,2. Panipat personnel identified the follow-
ing problems which apart from § and § were dis-
cussed at length.

a) High Condensate temperature 2and its effect
on Resin(Cat=ion).

b) Change over of Regenerant from sulphuric
Acié to Hydrochloric Acid, from Caustic
Soda tc ammonia,

c) Orgznic fouling problems.

d) colloidal Silica problems.

Contdees
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e) Counter current and co=-current generations
of Resin - advantages and Disadvantages.,

f) Acid preparation problems for regeneration.
g) Internzl damages of Distributors.
h)  Vacuum Degassing cum 3lower Degassing.

i) Carpon filter for absorption of extra
chlorine from water.

j) Problems connected with Chlorinators.

k) Cooling Tower Doging System

i) Suggestions,if any, for proper chemical
dozing.

ii) On line monitoring instruments for cool-
ing tower and DM Pléant.

iii) cisposal of acid and alkali waste from
DM Plant.

High Condensate Tempera2ture and its £ffect oOn
Resin

gation resin can safely 2 used upto terpera-
tures of 120°C in the H® form. There should never
ke ¢ problem on the condensate recovery plant with
temperatures in the region of 60°C, However, see
4,5, i1f the condensate was over fed pack to the
front end of the DI plsnt the combined temperature
of the pretreated water and the condensate should
not exceed €0°C due to problems on aion resins.

Choice of Regenerant = On the c3tion unit the

choics is between sulphuric acid and hydrochloric
acid. Tor Panipat water, the acid regeneration
level could be reluced from 80 g H2$O4/1, to 30 g
4cl/1, to maintain the same run length. The calcu-
lations in Aprendix 4.2 show that at the prices
supplied (3ata only availsable for the working cation
unitsinearly 8 lakhs/year revenue savings could be
made by casnging to HCl.

COntd... oo
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To enable this to be done a8 complete new
set of acid regeneration, offloading and chemical
storage eguipment would have to be purchased and
installed as the current sulphuric acid eguipment
is made of incompatible materials. (See 4.3). There
is no technical reason why this should not be

done. It is an economic/political decision.

On the &ion units the choice of regenerant
discussed wag that of sodium hydroxide versus
ammonia. Ammenia cannot technically be used to
regenerate a strong base anion rssin wnere silica
removzl is retuired 3s it is inefficient at splitt-
ing the guatemary ammonium salts formed by those
strong bese groups on the recin. Ammonia ¢an only
be relie3d upon to regenerat: wedkly basic tertiary
amino groups.

Acid 3toraze and preperation problems - The hend-

lins of s lphuric and hydrochloric acils o crepare
dilute solution is well documented and Panipat per-
sonnel 3did not declare any specific problems. Pro-
blems have been experienced by ICI fertilizers with
fumes anZ using & 3RP bulk storage tank for ACl
where cracks had been created by inzdejuate civil
design. The t3ank was fabricated as indicated in
the sketch in Fig.l ans the civil foundations had
been specifizi 3s a £1lat plinth., On £filling the
tankX the bot+om area‘'~' flexed and lesks occurred
at '8*', The rroblem was solved by suprorting the

area under 'A',

Py
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Secondly, at statutory inspections, the tank was

drained, ladders dropped inside &nd the tank en-

tered. On refilling, leaks occurred where damage
had been inflicted by the presence of the inspec-
tors.

Organic fouling problems = The problems of loss

of capacity on the anion resins was discussed.

The salient points were that the resins were 8
vears old and had reguired brinas washing wnen 2
good recocvery of operating capacity was seen,The
capacity deteriorated necessitating another brine
wash leading Panipat personn2l to believe they had

a8 severe organic fouling problem,

Although the latter are classic symptoms
of fouling, the time scale of 8 years and the 1lab
measured deterioration in total capscity from 4.1
meg/g to bestween 1.,8-2,7 meqg/g for different chargss
of resin suggest that the fundamental problem is one
of wornout resins which should be replaced. Improve-
ments in the pretreatment plant would put less load
of organics(and/or iron and/or bacteria=-all which
cause fouling of anion resins)on to the resins which
in general terms, would mean less of & problem,How=~
ever, in comparison to UK,European and US case his-
tories of needing to brine wash every month,replac-
ing resins every 2-4 years ani not losing gross
capacity (only opersating cspacity) Panipat does not
have & problem, (Am outline of the brine wash m thod
used in the UK is Appendix 4.4).

In terms of replacing the resins, FP(iplis an
excellent resin and there is no reason why it should
no< be purchased 2s a recharge. The choice of an
alternative is a 'shot in the dark'compared to the

contd...
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excellent service histsry of tne FF(ip)and no
change would be recommendel althougn the alter—-
natives were discussed at length e.ge. acrylic,
gel, macro-porous, iso-porous, type I,type 11

and their respective abilities to cope with foul-
ing, silica removal an: the general conditions at
Panipat.

condensate Rzacovery - Panipet personnel described

that 175 t=/h steam condensate Wés retumed to the
DM plant vies two cation exchange units operating

in parallel =t 87.5 te/h each with & third unit on
standby/regenzration. From these the condensate
went to the secondary mixed beds(S¥B)for final
pelisning before return to the boiler. Approximately
55 te/h of the condensate originates from the ured
plant ané has on occasions become contaminated with
urea. This gave high ccnductivity exit the cation
units and short runs on tae 3MB. Panipat dump tne
urea condensate to drain whenever this occurs but
did not fully understand the chemistry or the impli-
cations of alternative actions. These were all

discussed.

It is felt that urea occasionally leaks into
the condensate which already contains ammonia from
the boiler dosing programme (pH > 8.0)when the con-
densate passes through the cation columns,ammoniz
is exchanged for 4% (some urea may 21so possibly ex=-
change for 4*). The acid conditions will cause the
urea to convert to ammonium carbonate from which
the ammonia would initially be removed by ion ex-
cnange resulting in carbonic acid 2nd then ammonium
carbonate itself appearing in the polished conden~
sate raising its conductivity and going'out of
spec.'. This load leads to short runs on the StB.

Contd.-.‘
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In this case, provided the 3SMB quality dees
not deteriorate, there is nc justification in

dumping the condensate which is a valuable resource.

The guestion that sould b= asked is :“#hy
treat the condensate at all if it is in specifica-
tion 2?". 1In a tight system the condensate will
cont2in ammonia but nothing else. 4Why polish it
0 remove the amrmonia, by consuming sulphuric acid
\to regenerate the poiisher)only to add ammonia to
it ajain a little later z.

~ The system increasingly used in the UK is to
feed thes condensate from steady state operation
directlv back to the boiler feed system with & flow
of abcut 10 1/h passing through @ mini-cation column
(1 M long by 3 cm diameter containing ~! €. resin,
One on duty, one standby), +hen the condenséte is
good & conductivity of < 0,5p3/., will be attained.
If any contaminant breaks throuch, the conductivity
will immediately rise when the condensate should be
tripped out. It could be(i) fed to the inlet of the
DM plant (it will be considerably better quality than
the filtered water). (ii) Pu: back through the original
cation : 3MB route; (iii) Put into the cooling tower
(good suality but disadvantages are high temperature
and nutrient effect of =mmonia/urea); (iv) Used for

deasning duties.

Analysis should be carried out to determine the
cause of the trip e.g. urea breakthrough,cooling water
leak etc. and repairs effected as soon as possible,

A brief znalysis of the cost of dumping was
attempted (Aprendix 4.5) which indicates a cost of

approximately 53,000 R/day or nearly 2 crore/yr.

Contd...
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The mini-cation columns should be designed
for easy removal of the resin and when they 3are
exhausted new resin sh .ull be chérged or labora-
tories could carryout the regenerstion in glass-
ware.

Carbon Filters for Chlorine Remcval - Panipat per-

sonnel described the problem of high level of sul-
phate reducing bacteria(3RB) in the incoming water
apn? their successful attempts tc reduce them by
chlorinating before pretreatment. They recognised
the danger of excess chlorine rezching the ion ex-
change resins ané propcsed installing activated
carbon technology to simultaneously reduce the

chlorine end the organics going forward.

This would be @ major capital investment and

the following points are relevant:

i) There is not a mzjor cryinics problem at
Panipat (see 4.4).

ii) Extensive testing work would be rezuired to
£ind a carbon that might work anyway e.g.coal,
wood cr coco-nut based carbon? Pore size?
Particle size ? Regeneration method? Mai-te-
nance costs?

iii) Cperation of the pretreztment plant correctly

would reduce the incoming. SR8 count (See 3)

iv) Prechlorination could be csrried out zfter
the filtered water tanks i.e. do not treat
tne water going to the DM Plant in the first
place.

On this basis it is recommended that no such tech-
nology (capital expenditure)should be contemplated.

contd, ..
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The danger 2f chlorine and DM Plants is a real
one. Three things ca2n happen(not all are in the text
books, but they have been observed in ICI Fertilisers):

i) Chlorine attacks organics in the water(or adsorb-
ed on the resins)to produce organo-chlorine com-
pounds. Some of these are non-ionic and pass
through the DM Plant to be hydrolysed in the
boiler liberating chloride which can c@use corro-
sion;

ii) Chlorine attacks the resins(cation an¢ anion)
shortening their life;

iii) Chlorine c&n rass directly through a DM Plant
eventually decomposing to chlorides which can

cause corrosion,
In & test carried out on 14,11.86, 0.5 ppm of free
chlorine was analysed at the cation unit outlet indi-

cating that any cr all of the above could be occurring.

The practice ¢f chlorinating upstream of the DM
plant should stop.

Vacuum Degassing versus Blower Degassing - Both types

of plant are in use in plants in the UX and each has
its points but c¢cn the whole blower types are preferred
due to:

i) Less maintenance
ii) Very high reliability and hence availability

Co-current versus ocounter current regeneration = This

subject was briefly discussed but no firm conclusions
were drawn. ICI Fertilisers have experience of both
technologies but on the whole prefer om=-current due
to:

Contd..,
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i) High reliability and hence availability
ii) Less maintemnce
iii) Less complicated and easier to operate
See 4.9.

Internal Damage of Distributors - This subject

was briefly discussed. O0l¢ style nozzles and
laterals in o-current systems fail spontaneously
from time to time. This may be due to aging(loss

of plasticiser encouraging brittleness) or water
hammer phenomena during valve changes, especially
during regensration. In ounter-current systems
tremendous problems have been experiencedWwith upper
bed laterals where bending and brezkage have been
common. This has been partly due to inadeguate
design of supports but alss Sue to water hammer
effects and piston movement of resin. Suspendecd
solids in the incoming water ar: filtered out by
the resin giving high pressure drop and the stresses
placed on buried laterals when counter flow is in-
troduced causes damage necessitating taking the

unit out of service.

COCLING SYSTIMS

Description and problems - There are three towers
labelled CT1-CT3. The basic data is shown in
Appendix 5.1,1 and 5.1.,2, Chemical analyses for
Cctober,198¢ for CT1 and CTII are on Appendix 5.1.3
and 5.1.4.,

The problems have largely been seen on CTl
which has the most arducus duty, critical exchangers
and suffers from intermittent ingyress of fly ash
from the nearby coal and &sh handling plant. The
other towers 2lthough adjacent to CT1l,seem to escabe
this., 3ignificant numbers of exchanger failures

contd...
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have occurred leading directly or indirectly to

a high number of ammonia plant shutdowns outside
the planned annual overhauls. For example, the
synthesis gas compressor intercooler(details in
Appendix 5.1.3) caused atleast 3 shutdowns speci-
fically for its repair and atleast one emergency
shutdown as well. Similar failures have occurred
in GA 402, GA 404 T as specific cases discussed
although the number of shutdowns they caused was
not identified.

Algae growth, bacterial growth({especially

sulphate reducing bacteria,SRB), loss of cooling
water chemicals at times of greater ash ingress,
unexpected loss of pH con-rol from time to time,
high conversion of meta to ortho-phosphate, in-
effectiveness of chlorination, high volume of
sludge settling in low velocity areas. high levels
of cooling water chemicals in the side stream fil-
ters, failure of heat exchangers and loss of effi-
ciency cf heat transfer on exchangers were identi=-
fied as problems(¢)

Due to the complexity and multifarious nature
of the symptoms on these Systems mach time was
spent in discussion and this report summarises those
in terms of the fundamental problem which it is be-

lieva< has bexn identified.

Chemical control of cooling systems

philosophy - The cooling water chemistry in useis
a widely accepted one and is fundamentally accept~
able but the limitations are egually fundamental
i.e. good control within the close tolerances laid
down in the specification(suggested specification
in Appendix 5.2.1).

contdeee
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Detailed study of the Panipat specification
suggests the following philosophy: the first pro-
gramme in use on the plant was HMP at 20-25 ppm
plus zinc sulphate at 3-5 ppm at pH 6.3=6.,8 wiich
gave hard phosphate scaies(largely due to poor pi
control). To combat this, the HMP was reduced, 3
polyelectrolyte dispersant added and HEDP to operate
in more alkaline conditions(to reduce meta to ortho
conversion and minimise calcium phosph2te scales).

By reducing the 4YMP so much, its role as a corrosion
inhibitor is minimised and reliance is placed on the
2in> to cathodically limit corrosion. The role of

the HYP is therefore much more ons of scaling control,
The reversion of meta to ortho is still a problem on
this plant for reasons not clearly understood although
the two main factors influencing reversion are pH and
temperature. The lower the pd and the hiagher the tem-
perature ths faster the reaction. For example,micro-
biological growths will produce micro=-znvironments
w#here the pd can vary significantly, even the bulk
water p4 can be depressed by nitrifying bacteria
oxidising ammonis to nitrate ané some heat exchangers
on the ammonia plant have particularly hot skin tem-
peratures. Section 5.3 describes the microbiological
problems which must be solved first, but once they are,
it could be beneficial to operate at 20 ppm HMP if

the meta to ortho conversion problem comes under con-
trol. If the reversion is more a function of high
temperature then it would be better to stay with

5 p.n HMP.

The key factor in applying this chemistry is to
maintain the bulk water chemistry within the spedfica-
tions as closely as possible. &xcursions will initiete
all the problems outlined in Appendix 5.1.2 which
will not be totally rectified o= returning to speci-
fication but will fester and Zead to secondary pro-
blems e.g. high pd will cause a scale deposit,under

‘the deposit corrosion can develop, SRBs can grow,

Contdese
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failure can occur. The specifications refer t
solution chemistry and reguire that all analyses:
are carried out on filtered samples, The ingress

of fly esh provides high surface areas for selec-
tive adsorption of some of the treatment chemicals
(i.e. 2n and HEDP)which upset this chemical control.
Extra zinc and HEDP must be added to maintain solu-
tion chemistry. 3Some of the ash is removed in the
side stream filter, complete with its adsorbed che-
micals, which explains the high level found in the
filter backwash.

5.2.2 Polyelectrolyte Aqua 4000 - The role of this poly-
electrolyte has not become clear despite &ll the

discussions with Panipat personnel. w~ithout doubt
an agent is rejquired to carry out the following:

i) 3tzbilise zinc ions in solution., If no agent
is used zinz will precipitate at pqd 7.€ and
the programme will fail,

ii) Disperse suspended solids e.g. bacteria,
flocculent scale, fly ash.

These jobs may be carried out by & single polymer
ovamixture of polymers and it is recommended that
Pznipat per®nnel discuss this in detail with Aqua-
pharm 3ard their competitors. The ~qua 4000 is an
anionic polymer ~hich is & major problem to SR3
contrcl(see 5.33) and it is suggested that 3 non-
ionic éispersant is sought.

5.3 Biological control of cooling systems

5.3.1 Basic problem - Biological control has been lost
on the systems., This is a function of several accu-

milated problems which has led to failure of chemi-
cal programmes and ejguipment, For example :

Contdees
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%) Inadequate pretreatment(see 3.1)allows higher
levels of bacteria,especially SRBs,t0 enter
the system,

ii) Chlorine is less efficient at higher pH values
and even less effective in the presence of ammo-
nia,oil,organic material carben(e.g. soot/fly
ash particles)or any sludges(poor penetration).

iii) Recognition of (ii) by Fanipat personnel led to
the use of non-oxidising biocides in a technigue
whi ch they incorrectly believed would sterilige
the system. Because the system wa@s not under
control (which it was believed to be) the cause
of several effects were misunderstood e.g.rapid
‘regrowth', "feeding on dead bacteria";sudden

pH drops caused by intrifying bacteria (but they were

Jgone'), consistant SRB activity(ineffective biocides).

It is believed that the problem can be summe-

rised as fcllows:

i) Bacteria gain access to the system and grow
at a rate greater than they 2re killed by
biocide treatment.

ii) They grow as layers and form sludges in mix-
tures with coal ash and other solids,especially

in lcw velocity earees,

iii) The sludge grows thicker with dead cells on the
bottom and living cells above -~ aerobic at the
top and anaerobic at the bottom. Differential
oxygen corrosion cells are set up,

iv) Any biocide that is added will kill the cells
it contacts e.g. those in suspension and tne
uppermost layer on the sludge. To contact those
lower in the sludge rejuires diffusion through

the sludge.

Contd. .
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v) The bacterial count in the cirarlating water
is only a small fraction of the count in the
system(and it is only the cells on the surface
which really cause the problems)indicating
only a8 moderate problem.

vi) Anaerobic bacteria grow at the bottom of the
sludge e.g. SRB, often next to the metal sur-
face causing pitting.

vii) The sludge layers restrict heast transfer and
prevent snticorrosion chemicals gaining access
to the metal surfsce which is the only place
they can act.

viii) Control of the system is lost.

5¢3.2 Principles of Micrcbiological control - Death rates

of bacterial populations are exponential &s shown in
Fig.2 reflecting the probability effect of a cell
coming into contact with the biocide and actually

dying.
Fig.2
Death Rate cof Bacterial population
N3I
A Ntl
bgn N
i 4 o
bocrerian | Ny i ‘ (i)
] ! N
BN
No ¢ :
Tne
—_—

It is the slope of the line that inlicaetes the
rate of death and populations (i), {ii) and (iii) in
Fig.2 are being killed zt the same rate. However, (ii)
started as a larger population than (i) so takes a
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longer time to reach the same final number, In
(1ii), insufficient biocide was added to kill
all the cells and the population starts toc grow
again, never reaching “0.

This outlines the two key principles :

i) Enouch toxic materizl must be added to
kill all the cells;

ii) It must be allowed sufficient contact time
to effect the kill,

Due to the sludge formaticn @s described in 5.3.1
the contzct time tc kill cells(including SRB at
the bottom)could be msny days,even then, the con-
centration that finally reaches the cell may not
be encugh to kill it. This contéct time and con-
centrétion at the cell &nnot be predicted for any
niven system but i fverving doses 2re added for
varyinz lengths of time, inspection and monitoring
cf the system will indicate when it is clean ané

lead to the selection of 28 cost-effective regime,

A ccoling system should be operated with con-
tinuous mdke=-up of water, continuous dosing of
chemiczls and continuous purge., *nen this occurs
the best control can be maintained and the concen-
tration of any involatile component, ¢, c&n be pre-
dictes zccurately versts time in s=xactly the same
way that decay of & radio-active element can Dbe
modelled and & half-life value exgressed. In an

open evaporative cooling system - e

0,69 V (CF=~1)

4a3lf-life =

E
and it can be showngthat
- o TR
co = ct.e

Contd...




Se3e3

(22)

where C, = concentration of component initially(t,)
C, = concentratijon of component after a time (t,)
e = exponential

v = w lume of system m3

CF = concentration factor

1
L]

evaporation rate te/h.

t = time hours.

Therefore, to dose once per day (t=24) to keep a
minimam concentration(ct) it can be calculated how
much must be added(co). It shoulé be remembered

that the system concentration will not be zero except
the first time it is dosed in sucn a programme., €.g.
if C,
adé 17 ppm, on day two only 7 ppm will neei to be

rejuired is 10 ppm 2nd the calculation says

added to meintein the rrogramre,

Proposed method for gaining microbiological control

The role of Aqua 4000 nhas been Ziscussed in
5.2.2. 3eing en anionic polymer it reacts with any
cationic biocide e.g. citrignide to precipitate as
a floc(this was proved in a laboratory experiment
on 18,11,86). Two of the most effective biocides
against SRBs at the pH of the Panipat systems are
cationic in nature andé thus coulé not be exrected
to work reliably. 1In the short term it is proposed
that sodium pentachlorophenate is added at 10 ppm
(i.e.Ct
system chlorinaztion m3y be centinued as required.

= 10 ppm) once per day. Prechlorination and

(There is a danger of an effect on the effluent
treatment plant and this should be monitored closely).
To avoid selecting resistant strains zn zlternate
biocide should be used for one week atle&st once

per month, Iso=-thiaqzolones have been used by Panipét
in the p3st and this can be continued. Although not

goodl against SRB specifically, it is a good aerobic
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bactericide and will help to gain system oontrol.
Methylene biﬂ-thioc;hates have also been used but
are not recomrended 3s the p4 is too high when the
tower is on-line. Dosing should take place caily.

In the longer term, if the Aqua 4000 can be
replaced by @ non-ionic dispersant, 3 polyamine
or Juaternary amine biocide can be used. These are
effective against 3RB and have good dispersive pro-
perties (sometimes too good, an antifoam should be

availabla when using these).

Crgsno-bromine compounds c3n be used (with or
without 4gua 4000)as good controllers of 3RB.Appen-

Gix 5.3.3 lists the pros and ons of the biocides.

A suggested programme would be:

Daily doging of gquaternary ammonium compound
st C, = 10 ppm for three weeks.
Daily doging of organo-bromine at C, =10 ppm

for one week.

Monitor by 3RB count and viable plate count
(VPC) but take pzrticular notice of corrosion cou-=
pons for evidence of SRB attach.

After 4 weeks, reduce levels of each biocide
py S ppm if corrosion coupons 2are free of SR3 attack
or increase by 5 ppm if they show attack.

continue to monitor activity of SRB in this
way, adjusting the biocide regime up and down to
find the optimum,cost effective dose to meet the
specifications in Appendix 5.2.1 (especially SRB8)
and regularly get no SRS attack on the coupons.

contd... [ 4
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Once the microbiology is under control this should
(i) improve pH control(no nitrifying bacteria to
plunge p4 down)which may improve the phosphate re-
version problem which should improve the phosphcute
scaling problems and subseyuent under deposit co-
rrosicn problems: (ii) SRB attack - a ma3jor cause

of heat exchanger failure - should cease; (iii) foul=-
ing by cozl ash may be lessened - bacteria make _
sticky deposits, encouraging entrapment of suspended
solids,

All this work dewmands good control of the
cooling water chemistry, an understanding of the
corplex interplay of all the variables and a will
to méke it work. It is recommende? that a single
person is given the responsibility of co-ordinating
all the aspects(lab anzlvsis, interpretation of re-

sults and practical actions on tha2 plants),

CIENICAL CLEANING

A seminar was held in the Ammonia plant confe-
rence room on 18,.11.86 to discuss chemical cleaning
in the fertilizer industry. Most attendees were
familisr with the basics but a lively discussion
ensued on thz philosophy and some specific problems.

Th= nature of the cooling water problams on the
Fanipat site and the history of failures suggest
strongly that part of the overzll management of the
water cycle shouli include chemic:l cleaning of the
critical heat exchanger. The follcwing points from
the discussions are valid:

i) Clean heat exchangers foul and corrode less
Juickly than dirty ones:;

ii) The nature of the phosphate oling water
chemistry is that some fouling/scaling will
alwavs occur. The worse the control,the worse

tne problem.
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iii) chemical cleaning, properly planned and
carried out, will not cause corrosion in

a vessel,

iv) chemical cleaning, properly planned and
carried out, will remove debris and expose

holes and weaknesses.

v) If those holes and weaknesses cause acid
leaks or failure at subseguent pressure
testing = so be it. They would have failad
anyway in & very short time, SO it is be=-
tter to find the problem whan already in a
shutdown situation, with resources available
for repsir, than to go back on line and trip
off one or two weexs later in &n unplanned

manner.
Tt is recommended that chemiczl clez2niny is
used as & Tzintenance tool to clean exchangers and,

in a way, find their weaknesses.
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THE DESIGN AXD ACTUAL

APPENDIX=3.1l.1

LALITY CF RAW WATER

S NO Parameter Design Actual
1. pd 8.3 8 to 9
2. Cond. - 170-250
3. Turbidity(Silica units) 90 to 2000 5=25
4, Total Hard(as Caco,) 125 70-120
5. Ca Hard (= ) 90 50-80
6. Mg Hard (- ) 36 30-45
7. P alkalinity ( * ) 8 8.0
8, mealkalinity ( " ) 108 55=95
9. EMA - 25=40

10, TDB 250 100-30

11. Chloride (as Ct) 24 3-8
12,  Sulphate(es so4 ) 40 15-25

13, Nitrate(as NC3) 1.2 1.0

14, Iron({as Fe) 1.9 0.5=0.1

15, odium(as Naty - 4,5=7.5

16, pot(as K ) - 1,5=4,0

17, Silicate (as sic4) -
i) 3oluble 6.0 5«8
ii) colloigdal - 1-3
18, Dissolved oxygen(as 0) - 6-11
19, 30D(5 days) (as 0) - 0.,5-1.5
20, copfas 0) - 1,0-3,0
21, KMNOy4 value
i) 3 min - 0.15=0,7
ii) 4 hours 2. 0.6-1,6
22, Fluoride(xs F) 2. NT




QUALITY OF FILTER WATER

APPENDIX 3.1.2

S.No. Parameter Range (ppm)
1., pPH 7-8
2. cond 180-260
3. Turbidity(SiO, Units) 1-8
4, Total Hard(as caco3) 70-120
5., Ca Hard ¢ ") 50-80
6. Mg.Hard ¢ ") 30-45
7. p=3lkalinity (%) NT
8. mealkalinity ( ") 35-85
9. ENA 30=-50
i0, TDOS3 110-200
11, Chloride{as cl) 4«8
12.  Sulphste(as sO,) 1 25-40
13, Nitrate(ss NO3) NT
14, Iron(as Fe) 0.05=0,1
15, sod(as na¥) 4.5=7.5
16, potfas k7) 1.5-4,0
17.  Silicate(as Si0,) 5-9
i) Soluble ‘ 5=8
ii) colloidal 1=2
18, Dissolved Oz(as o) 6-11
19, BOD (S=days) ( as 0) 0.,4-1,2
20, ccolss 0) | 0.6-2.5
21, KMNO, value
(3 min,) 0.,1=0,4
(4 Hours) 0.4=1,0
Fluoride (as F) NT




APPENDIX 4,0.1

(A) NO2¥5 OF JUALITY OF POLISHED WATER

S.NOEV Parameter EgﬁNorm of gquality (ppm)
1. pH at 25°C 6.5=7.2
2. Silicio acid(as sio,) 0,015
3. Hardness Nil
4, Conductivity at 20°C 0.2 m hos (Max.)
5. Temperature “bout 35°C
6. Tot&al iron 0,015
7. Aluminium Not precipitable
8. Tot2l copper 0,003
Calcium Nil
9. Total COZ Nil
10, 0©il Nil
11, XMnO, value 5.0

APPENDIX 4.0.2

(B) DE3ISN CH-RACTERISTICS OF BRETURN CONDENSATE

S.No, i Parameters iCharacteriStiCS(ppm)
L H
1, Temperature 60°C
2. Turbidity Nil
3. pH 7=9,5
4. Totzl Cetion(as cace, 1.5
5. ZTotal ..nion(as CECO3) 1.5
€. Ionic iron(as Fe) 0.1
7. Colloidzl iron(as Fe) 0,05
8. Copper (as Cu) 0.1
9., Silica(ss 3iC,) 0.02-047
10, Conductivity 15-25 m hos.




APPENDIX 3.1.3

BACTERIAL OOUNTS IN CT=1 AND CT=2 CIRCULATION WATERS AND MAKEUP

WATER
ﬁ. H a
' CT=1 ' cT=2 ¢ m/u water
Month \ - :
VPC SrRB/100 ml14iVPC SRB/ t VPC SRB/
: ! 100ml ¢ 100ml
Aug.85 5,500 460 21,000 270 215 50
to to to to to to
1,34,000 790 2,45,000 1800 1190 140
2*pt.85 31,000 110 21,0CC 50 880 120
to to to to to to
1,14,000 1100 1,25,000 1300 1910 140
Cct.85 20,000 70 20,000 20 125 20
to to to to to to
2,04,000 700 1,25,000 130 1090 240
Nov .85 46,000 80 44,000 22¢C 140 MT
tc to to to to to
1,10,000 790 1,80,000 490 575 20
Decs .85 6,000 20 12,000 50 68 MT
to to to to to to
3,820,000 340 1,02,000 120 210 20
Jan .86 26,000 40 14,000 40 60 20
to to to to to to
1,20,000 740 3,40,000 790 200 40
Feb,.86 18,000 220 29,0060 50 130 20
to to to to to to
4,49,000 2400 2,12,000 1300 253 90
Merch, 86 5,000 110 1,600 140
te to to to
2,52,000 1550 1,80,000 1100
~pril 86 S/D /D 3D
May ,B6 7,000 340 32,000 240 230 20
to to to to to to
4,10,000 1300 3,50,000 1100 610 110
June, 86 67,000 1300 52,000 120 80 50
to to to to to to
2,49,000 2400 2,51,000 2400 600 90
July, 86 9,000 170 13,000 230 110 20
to to to to to to
2,67,000 1300 3,61,000 1750 650 90
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SPECI FICATIONS OF CIRCULATICN “WATER OF COOLING TOAERS

CT=1 AND CT=2
.

S.Noé* Parameters § Specification (ppm)
1, pH 7.5-8,0

2. Turbidity 15

3. Conductivity 1200 mhos

4, TD3 700

5. zntt 2.0

6. Meta phosphate 5.0

7. Crtho=-phosphate 5.0

8. Organo-phosphonate 10,0

9, Chlorides 100

10, Free chlorine 0.2 to 0,5

11, Totzl Hardness 600

12, cCalcium Hardness 380

13, Magnesium Hardness 220

14, Cycles of conc, 3.0

15, Corrosion rate 2.0 to 3.0 mpy.

NORMS CP BCILER FEED WATER

S.No. g Parameters i Norms (ppb)
1. TDS 100

2e Total Iron 10

3. Total oopper 5

4. Total Sio2 20

5. Oxygen 7

6. Hydrozine 10=20
7. pH 8.8=9,2




Appendix to 4.2

Regeneration level on existing plant

Resin volume
Regeneration level

Approx.capacity expected with
water of 31% Mg, 55% Ca,l14% Na+k,
66% alkalinity.

Approx.throughput of water per
regen on design water of 120 ppm
cations.

Approx use of H, 30, per year (inc.MB)

Approx number of regenerations per
year on cation with 8 hours online
time,

Approx amount of &cid used on
cations per year

cost at 1200 r/te for 98% acid
delivered

On HCl regeneration level required
for 32.8 g CaCO3/1r.capacity

with 1200 regenerations per vear
acid use

Cost at 250 rR/te for 33% acid
delivered .

0

350 Kg 2% H, S0,
350 Kg 4% 4,30,
8.75 M

80 g 32304/1r.

30,1 g cacoy/1r.

120

975 te/yr.

1200

840 tes,

1200 x 840x100

5 10,3 lakhs

30x8.75x1200

1000 = 315 tes/yr.

250x315x100

33 = 2.4 lakhs




APPENDIX TO 4.4

Outline of brine wash method

Run unit to end point (i.e. resin in exhausted state)
Backwash at normel regé}ation rate

Add 2 Bv of 10% w/v NacCl + 2% w/v NaCH at ambient
temperature.,

Leave to soak for as long &s possible (6-12 hours minimum)
Displace with 3 Bv of water

Carryout backwesh,settle and caustic inject stages of
norm2l regeneration.,

Repeat caustic inject stage.

Carryout displacement 2nd rinse stages of normel regene-
ration.

Return to service,




APPENDIX TC 4.5

Flow rate of urea condensate : 55 te/h.
Approx cost raw water : 0,77 R/te.
Approx cost of DM water @ 20°C : 10 R/te.
*

Approx cost of condensate 3 60°C : 30 R/te
Cost/day of condensate if dumped

58 x 24 x 30 : 39,600 r,
Cost/day of extra meke=up due to
lost condensate,

56 %x 24 x 10 : 13,200 R

52,800 R/day

* zstimate based on UX value of condensate being 3 times

DM velue,




APPENDIX TO 5.1

5.1.1 Cooling towers on panipat plant

! ; :
Name . cTl ' CT2 . CT3
; 3 :

Plant served Ammonia Urea Urea condenser
TYype Induced draught,cross flow,open evaporative
Nutber of cells 8 3 1
Ciraulation rate 17500 - -

m3/h.
ATeC 11 10 -

Jot return temp.°C 44

Volume 1-:3 7500 3500 -
Eveporation te/h. 350 150 -
Concentrati on factor 3 3 3

3ide stream filtration 2.3% 2% Nil

Half=-life, 29,6 3262 -




APPENDIX TC 5,1

S5.1.2 Cooling water chemistry in use in November 1986

Chemical parameter Rcle

T
- 1

Effect if Hi

o @ = o)

ffect if ko

Cathodic corro-
sion inhibition

+
Limited disper-
sancy of calcium
as positively
charged colloidal
particles within
defined pH limits.

Hexs-metaphosphate
(HMP)

Organo-phosphonate
(4ZDP)

Calcium scaling
inhibitor with-
in defined pH
limitS .

Zinc cathodic corro-
sion. Inhibition
within defined

pd limits.

Aagqua 4000 ~znionic disper-
sant.

Role unclear
from all discu-

ssions (see text)

Not added deli-
berately but
formed by hydro-
lysis of HMP.

Crtho-phosphate

Criticel for
2llowing other
2gents to work
correctlye.

pH

Increased co-
rrosion pro=-
tection.
Increased dan-
ger of higher
0-pP0, giving
scaling.

Minimal

Danger of ex-
cessive 2n (0H)
precipitating
as foulant.

-

Excessive PO

scaling. 4

Precipitates
Zn givin

2n (0H)

Zn (see“above)
causes ceélcium
carbcnate and
phosphate
scales.

2

Serious
pitting.

gxcessive
scaling.

Serious
pitting.

Desirable
state.

Causes fast
hydrolysis
of HMP tO
0=p0

causes co-
rrosione.




APPENDIX TO 5.1

S5¢1.3

Synthesis Gas compr essor Intercooler 3rd stage

weter in shell,carbon steel, 2 pass,U-tube bundle

Design water velocity : 1.1 ny's
Design gas inlet/outlet temp. 114°C/43°C
Design water inlet/outlet temp. : 33°C/43°C *

Failure mechanism:

Deposits, SRB corrosion and possibly vibration

Deposit analysis+: PO4 : 36.9%
ca : 1009%
Fe : 7.5%
2n : 1605%
Loss on
ignition s 32%
Acid inso-
luble : 1.8%

Presence of algae,bacteria and coal particles
Failure History:
Commissioned - 1979

Failed : January, 1981

March 82,May,82,June,82,June,82
April 83,November,83,November,83
June,84,June, 84,July,84.

Changed April 85,

* A 0°C approach tempe rature is impossible but this was the
data in a report.(Possibly a typing error).

+ This addsup to greater than 100% because some components
will be included in two analyses e.g. some 2Zn will vola=-
tilis= on ignition.




APPENDIX TO 5.2

5.2.1 Suggested specification of cooling water chemistry

Parameters g Max 1:L Min EL Average
HMP ppm as PO, 50 3(15) 5 *(20)
HEDP ppm a@s PO, 40 8 10
Zinc ppm as Zn 3 1 2
Agua 4000 See text 10
O-Phosphate ppm
&s PC, 5 0
pH 8.0 7.5 7.7
Tot2l bacteria (UPC/ml) 1,00,000 20,000
SpB (per 100ml) 300 Nil 100
Calcium ppm C:aco3 600 50 250
Concentration factor 5 1 3

* The Panipat sped fication was 5 ppm average. See text
for explanation of possibility of 20 ppm.




APPENDIX TO S5.3.1

5.3.3 Selection of Biocides

v
Chemical ! Acvantage Disadvantage
'
Ky
Methylene big- Not effective al
thiocypate pH 2 7.5
Na pentachlcro- Effective over a Effects sewage
phenate long period. treatment.
Polyamine Easily biodegradable Adsorb on suspended
Juaternary Good dispersant particles.,
amir2 X Low toxicity to man can cause foaming
Incompatible with
anionic polymer,
Organo~bromine Easily biodegradable Not good against
Compatible with all algze.,
other treatment che=
micals,
Iso=thiazolone Biodegradable Not good against

Good despersant

SRB.
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The Fertilisers And Chemicals, Travancore Limited

Report on visit of D G Hooper on behalf of WNIDO to
Fertilisers and Chemicals Travanc>ire Ltd,, India

to discuss Water Technology Management

November 24th - 26th, 1986,




fo sfeanad o favew, gTeR fafaie

The Fertilisers And Chemicals, Travancore Limited

Prologue

(1)
(i1)

(iii)

This report is essentially in three parts:

Sumary of conclusions and recommendations,

Notes on the discussions held with FaCT personnel
including general data, concepis and reasons for

reaching certain conclusions and recormendations,

appendices containing detailed technical information
used in the discussions or forming the techmnical

recormendations,
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Ihe Fertilisers And Chemicals, Travancore Limited

Contents - FACT

1, Swmmary of conclusions and recommendations.
2. Introduction.

3. Sulphuric Acid Plants,

el Boiler rroblems,

5.2 Chemical Cleaning.

4, amonia Plants.
4,1 Uemineralisation Flant on ileform Unit.
4,2  ieform Plant - Flue Gas boiler (FGE).

4,2,5 sieform Flant - ceform Gas Boiler (3GB).

3 Cooling Systems,
501 Introcuction.

5¢2 Root cause of problems.
5¢3 hecommendations for Cooling Systems,

5S¢k Microbiological ispects,

6. Chemical Cleaning,
e apnalytical Control,

8o aclknowledgements.
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The Fertilisers And Chemicals, Travancore Limited

1, Summary of Conclusions and itecommendations

1, The quality of raw water available to the Udyogamandal site is
a corrosive one, difficult to treat in cooling systems and one

vhich has given problems in this area,

2, Pretreatment of this vater is necessary and tbe new plant,
currently being built, should help alleviate some problems,

3« The anti-corrosion programme choosen for the cooling water is
the best but it hes not been applied correctly., An explanation
of the principles and recommendations for future control are

given,

4, The operational policy of the demineralisation (DM) Plants on
: the sulphuric and ammonia installations has been developed along
technically deleterious lines, These errors are explained and

recommendations for future control are given.

5« Failures in the Sulphuric acid boiler are potentially as a
, result of misapplication of standards followingy the change from
softened to D} water, recommendations for .uture control are
given, If successful this would obviate the need for mechanical

modifications e.,g. raising the steam drum.

6. Totential corrosion of the sulpburic &cid economiser is identified

and recomuendations for extra inspection are made,

Te In Several cases a clear need for chemical cleaning has been
identified, This is a function of the age of the equipment and
the type of water technology employed, It is recommended that
F.CT personnel receive training in this field to best take

advantage of the techniques,

8, Some of the techniques available in the lLaboratory are inadequate
for the control of the site and recommendations for upgrading the

service are made,
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The Fertilisers And Chemicals, Travancore Limited

2.

3

3.1

[ 1]
[¥Y
»0

Introduction

Fertilisers 4nd Chemicals Travancore Ltd. (FaCT) has evolved
on the Udyogamandal site since 1945, It now consists of two Vil
Gasification Plants, a cryogenic Cxygenm Plant, two cold gas quenching
Amnonia Synthesis Loops, a naphtha steam reform ~mmonia Plant, two
Sulphuric scid Plants, one Fhosphoric acid (100 te/d, PéOs), a two
steam ammonium Chloride Plant (75 te/d), a two stream ammonium Sulphate
(600 te/d) and twe NPK granulation Plants (350 + 150 te/d). Three
auxiliary boilers are available to balance the site steam supply but

this usually runs in a surplus,

New Sulphuric ~cid and -smmonium Sulphate Caprolactam rlants
are under construction as is a new water pretreatment plant, an
effluent treatment plant takes all the site liquid effluent which is
treated before being put to a brackish water river, Further details
are in appendices 2,1 to 2.6.

The water supply is from a fresh water river with an analysis
(sppendix 2,7) showing it to be a high turbidity, low TDS water with
only moderate organics, In drought conditions the salinity can rise
significantly and in the momsoon the organics can rise, It is a

naturally corrosive water,

Sulphuric Acid Plants

Boiler FProblems

The boiler system was uprated and converted to demineralised
vater feed (from softemed) in 1980, Frequent failures have subse-
quently occured ip the top coil bundle requiring renewal every two
years, causing excessive lost production and damage to the plant

itself, Figure 1 in appendix 3.1 is a sketch of the boiler system,
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Appendix 531 = Sketch of Sulphuric ..cid Plant Boiler System
Figure - 1

Demineralised water is pumped through a pressure dezerztor in
which oxyzen is recuced ii:m 0.04 ppn, Hydrazine is added to
maintain 0,2 ppm in the feedwater and the water passes through the
econoniser at pH 6,5=7,5 to the steam drum where trisodium phosphate
is added, Typical control parameters and analyses of deposit from
the region of the boiler failures are shown in Table 142 in
appendix 3,1, The points discussed were the relatively high values
of iron, silica and TDS in the boiler water as the boiler failure
meckanism is creep of the tubes following loss o:ﬁ heat transfer due

to the accumulation of mainly ironm and silieca.

In a demineralised (D}) water boiler, the leﬁls of impurities
which can be tolerated are much lower than in th:e same boiler
(independent of pressure or heat flux) on softened water feed,
With & feed of less than 1 ppm TUS and 0.8 pmm $102 the boiler,
with 20 ppm phosphate ( 35 ppm as NaBPO,*) should not have more than
100 ppm TOS and 40 pm Si02.
find out what the rest of the TUS are, what trouble they may be

The vital questions therefore are to

causing and how to limit them, Some anclyses vei'e iniiiated during
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the visit, but not all the results were available at the time of
writing this report. However, studies of the way the IM Plant was being
operated were discussed on the basis of dzta collected by FACT personnel.

The DM Plant was being run to a conductivity end point of 30 pS/cm
exit the strong anion bed. Firure 2 in appendix 5.1 shows the unseen
effect (in terms of conductivity) of silica leakage under such a
philosophy. -lthouzh conductivity was not recordec, it can be assumed
to heve finally broken through at around 22 hours, reaching 30 pS/cm at
23 hours, Figure 2 .ppendix 3,1 is a sketch of how the conductivity would
be exm to behave, For a DM Plant of this type the cation unit should
be recenerated at a sodium concentration of 0,5 ppm and the anion at a
silica value of 0,5-1.0 ppm (or regenerated as a linked pair on the first
linitinz ion)., From Figure 1 Appendix 3.1 this would be after em 13 hours
on line. It is totally false economy to run the plant on due to the
theoretical danger of silica scaling ip the boiler, ..dditionally, again
not recorded, bicarbomates break throuzh from the resin at the same time
as silica and will pass to the boiler, They could be part of the high TLS,
possibly linked with sodium which may also have leaked from the Overnoes

cation,

It is recommended that some way of "catching” the end point is
developed and rezeneration initiated at that time, For example (best

method to be assessed by FaCT personnel)t

i) Frequent (hourly) manual apalysis of silica

ii) Un-line analysis of silica.

iii) Use of a lower conductivity set point o catch the sodium
brealthrough (e.,g, if normal concuctivity is less than 0,2 yS/cm
set trip at 2 pS/cm exit the strong anion., This will only success=-
fully limit the silica concentration if the cation and anion are

closely balanced in operation on the r..CT water),




fz wiea@d o Ffawew, gRTeR fafedy

Tbe Fertilisers And Chemicals, Travancore Limited

(1]
-
(L)

iv) Measure conductivity exit the strong anion after passing the
sample through a2 small column of cation ;r.:l‘l*in the B form,
This sensitises the measurement by removing traces of sodium
from the water such that, when silica and bicarbonate breakthrough
occurs, a sharp increase in conductivity is seen which can be used

to to raise a signal or alarm,

The high iron figure mey be due to corrosion of the feed and
economiser system as the old high pressure phosphate pumping system
(from the softened water days) is still in commission, Thus, although
the water is dezerated and hydrazine dosedjwithout alkali it is still
bighly corrosive at a pil less than 8,0, The corrosion mechanisu is not

really a "chemical" effect but a true electrochemical one where :

H2U = 05 + &'
(] - -
and at the anode Fe = Fe ¢+ 2e
Fe'' + 208" = Fe (0B), occur
while, at the cathode 2 5" 4+ 2" = B2

Metal is thus lost and, in practice, it appears as fairly uniform
corrosion because an infinite number of cathodes and anodes exist at the
same time (and are even liable to change their polarity). Polarisation
and passivity never occurs because flowing water removes the Fe(OH)2 and
HE’ It is recommended that some alkali, e.g., the phosphate is added
immediately after the deaerator to raise the pH é’::" '{han 8,0. Critical
inspection should be m-de of the economiser and feed lines at the next
shutdown including thickness measurements at selected points to ascertain

its condition,

The values in Table 3, ~ppendix 5.1 are recommended as control
parauzeter: for the boilers to lessen the risk of scaling on high heat

transfer surfaces, These should be reviewed after 1-2 years operation,

32 Chemical cleaning

It would be standard practice eachanginy water chemistry e,g.
softened to 1M feed, to chemically clean a boiler to remove any old
deposits from one regime before attempting to impose another to avoid
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chokes and failures, The analysis in Table 2 Appendix 3.1 shows that
some calcium and wmagnesium are still in the boiler, This may be due to
old deposits or a further penalty of overrumning the IM Units, Exper-
ience is showing that failures occur in the top coil after 1} to 2 years
operation. Improvements in the water quality may help this situation
but that cannot be guaranteed (the uprating of the boiler may have
created a particularly locelised hoéspot that still leads to excessive
scale formation), lowever, if it will last more than 1 year, chemical
cleanin; to return the tubes to an "as new" condition should prolong their
life further and it is recommended that chemical cleaning is carried out
at the next shutdown in 1987. an outline method is given in appendix 3,2

but this should not be treated as a complete specification. See 6.

ammonia Plants

Demineralisation ’lant on ileform Unit

The D rlant vis being rua to « conluctivity end point of C,5 pS/en
exit the nixed bed unit., The orisinal design was for 720 2.7 between
rezenerations (daily regeneration) but FuCT personnel founc they could get
5000 MS before the conductivity varied, Theyrentimely run to 2000 M3
throughput or the 0.5 pS/em end point.

The discussions in 3,1 are relevant to this plant as well and were
reiterated i,e, potential brealthrough of silice apd resultant scaling of
heat transfer surfaces, Silica analysis is not routinely carried out on
the boilers and no study has been carried out on this DM rlant so no
conclusions could be drawn, =~ one-off analysis hid shown 5 ppm 5102 in

the boiler vhich is not unacceptuble,
Reform llunt = Flue Ges Loiler (TGB)

This boiler has gradually deteriorated in performunce throughout

tbe life of the plant, the design and attained temperctures being shown
in Table 1, uppendix 4,2, The genmeral water chenistry of the boiler is

shown in Table 2, Appendix 4,2,
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After discussion it was concluded that nothing fundamental appeared
to be wrong in the wvater chemistry except that insufficient anzlysis was
beinz done to fully control and understand the boiler, It is recommended
that the suggestions in Table 3 appendix 4.2 are followed for future

records,

There is a need to clean the boiler as it looks as thouzh it has
gradually fouled over the years. This may be due to silica or iron oxides
laid down on line, or corrosion occuring off-iine. The only way to be
certain it is to cut & tube out and section it althouch it is accepted that
this would be very difficult to do cnd is probably unjustified. The boiler
is not a Jifficult one to clean and lends itself to mechunical or chemical
methods i.e, jetting or gas 1lift circuletion with LCl and IF® or other
fluoride. See 6, The excess heak escaping this boiler is expensive energy
and much of it should be recovered after cleaning giving a direct payback

on the exercise, Chemical cleaping is recormmended as the preferedd technigue,

ieform Flant-zefors Ges Boiler (RGI) .

Problems have been experienced on the gas side of this boiler
nécessitating frequent changes but, to date, nothing from the water side,
It is hoped that this will continue but good control of the waterside is
important because IGB's the world over are usually the ones causing the
most problem in single stream ammonia plants, In the absence of any
detailed information it is recormended thet the LGB is controlled to the
same specification as the FGB, (Table 3, Appendix 4,2). These are high

for world RGE's on I} water and may need to be reviewed in 1-2 years time,

Coolinc Svystems

Introduction

The symptoms described by all the plants operating cooling systems

vwere similar and discussion of 211 the details suzgzest a common problem,

Typical analyses of the ammonia synthesis and reform ammonia plants
cooling waters are shown in Table 1 in Appendix 5¢l, Analyses of deposits
from heat exchangers are shown in Tables 2=3 in .ppendix 5.1, These values
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vere discugged in connection with inspection of the ammonia vaporiser
on the synthesis plant which was being wirebrushed and washed on 24.11,86
and the scrapped interstage cooler from the reform ammonia plant.

Root Cause of Problems

The incoming water (appendix 2,7) is very "thin" and corrosive
and contains some suspended solids, Despite concentration in the cooling
systems it is still highly corrosive (Negative langelier Index) and

requires corrosion inhibitors at all times to prevent damage.

The anti-corrosion prozrozme chosen of zinc:chromates;phosphate
is the best one evailable but it was not being controlled correctly and
was in fact probably making the situation worse rather than better, The
underlying philopophy of the treatment needs to be understood to explain

such a statement,

Chromate is ap znodic inhibitor capable of excellent inhibition in
neutral pH§s at levels of 100 to 10000 ppm. It works by laying down o@
insoluble film of ferric 2nd chromic oxides, The higher levels are needed
vhen pitting ions are present at high levels e,3, chlorides, The lower
level of 100 ppm is required to ensure that thermodynamically iron
(cbrome VI) chromate is precipitated as the main reaction rather than the
reduction of chrome VI to chrome III with oxidation of iron to irom II
or iron III thus causing corrosion, often as pits, rather than inhibiting
it. Zinc is a cathodic inhibitor capable of excellent inhibition in
neutral and acid pH's at levels of 1=-10 ppm soluble zinc, It works by
being precipitated as a film of zinc hydroxide in the region of the
cathodic reduction of oxygen. Ihosphates work in a combipation of ways
dependinz on their concentration and molecular weight, Ortho~phosihates
act as anocic inhibitors at hich concentration by producing iron phosphate
films while polyphosphates are predominantly cathodic, Frolyphosphates
react with dﬂvalent cations e.g. Ca++, Zn™ to form positively charged
colloidel paﬁticles which inbibit scale formation., These colloids migrate
to cathodic areas where they builcd up a film which stifles the reaction
and §o inhibits corrosion, 2-100 ppm as EQQ are required for corrosion

protection,
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The synergistic interactions of all three mean that lower concen=
trations of each agent are needed to produce an overall better effect
as the complexes of chrome, iron, phosphate and zinc formed on the metal
surfaces are better than the individual component films, Thus programmes
with chromate levels of 20-30 ppm, zinc of 1-2 ppm and phosphate of 10-20 ppm
are effective, relatively cheap and relatively easy to dispose ofsthe
effluent treatment systems. However, should parts of the programme fail
for any reason the symergism is lost and the "rules" of single inhibitors
apply. For example, Table 1, appendix 5,1 shows that in the ammonia plant
there is negligible phosphate and no zinc at all, Under such conditions
the 20 ppm CrOk will act as a pitting agent and promote corrosion further.
No cathodic inhibition will occur and at the neutral to acid pli's in operation
widespread corrosion will take place producin; large amounts of iron oxides
and hydroxides, These will settle out as fouling sludges in low flow areas
vhere they will build up as encrustations, hardening by oxidation and
dehydration, Cccluding the metal surfaces will lead to reduction in heat
transfer and differential aeration &t the metal surface, initiating further
electrochenical corrosion cells 2nd so continuinz the cycle, The total
absence of zinc indicates a demand at cathodic sites and to begin to break

the above vicious circle this demand pust be met,

Much discussion centred on the need for dosing phosphate in FACT
systems containing such low levels of calcium and alkalinity whbere scaling
is not a problem but the danger of zinc precipitation with ortho-phospbate
could further ceplete the soluble zinc, My experience has been that even
at pll 6.5=7.5, with ortho-phosphate upto 10 pmm I have been able to
maintein 1-2 ppm soluble zinc in cooling waters znd successfully control
corrosion and scaling, Thus the recommendations are to retain all three

agents to give more insurance of maintaining the synergism,

iecormendations for Coolins Systems

Corrosion cannot be stopped totally nor can it be so readily
controlled in dirty systems as in clean ones i.e., the inhibitors must get
to the parent metal surface to inhibit corrosion., If they bave to diffuse
through debris they may not arrive at the surface at a sufficient rate or

concentration to inhibit the reactions,
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Initially it is recommended that dosingz of polyphosphate, chromate
and zinc is carried out once per shift in sufficient quantities to satisfy
the solution requirements of each item, The recommended control parameters

aree in Table 1, Appendix 5,3.

The demand for zinc may be staigeringly high and continued 'shiftly
addition may aprarently not satisfy it, Lowever, provided the added zine
is being consumed by the cathodic sites it should continue to be added,
It is to check that this is where the zinc is gZoing that a specification
for soluble and totzal zinc is given, If the total is hizh and soluble
non—-existant a zinc dispersant will be required but this can be reviewed

at a future date, In most cases at pH 6,5-792 no dispersant is required,

:(.;nce the cathodic sites start to be inhibited the whole corrosion
process should slow, liowever, debris will spall from the surfaces as
passi:ve films are established both revezling fresh surfaces which will
consumme inhibitors aand producin: higher levels of suspended solids which
could settle in other areas exacerbatins the problem we are trying to
solve, Speciclised dispersants for iron are available eg from .quapharm,
and t‘heir use should not be ignored. Sales advice should be sought from
the s:uppliers but great care should be exercised in their use,

: The state of tbhe equipment is inqudva.nced stage of tuberculation
and c:orrosion so more fouling and failures must be expected., To fully
bring the equipment back to a good condition it will be necessary to change
or cﬁemically clean key exchangers and interconnecting pipe work and
subsequently vizorously maintain the chemical prograrme recommended,
The ﬁechmical cleaning being carried out on the aumonia vaporiser, while
removing a lot of material, was not efficiently cleaning the tubes, They
vere zleft with deposit on them and in a rough state, Zven perfect water

chemistry control would bave difficulty in establishing a passive film and
minimising further fouling and corrosion on such tubes, Chemical cleaning
or jetting at 8=10000 psi is recommended,

~ The deposit analyses in Table 3, ~ppendix 51 shows that silt and
organics are further significant components, With the commissioning of the
new Qater pretreatment plant not far away, no proposals are made to deal
specially with these materials as their ingress will be significantly reduced
with the nev plent.
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- sAlzae are a minor >roblem and potentially some of the
orzanics referred to above are bacterial in orizin but otherwise
only one problem has been seen due to microbilozical activity
and that has been the bacterial oxidation of aumonia to nitrite/
nitrate in the reform Ammonia Plant leadinsg to simnificantly
reduced pa's, The addition of 50 npm of nroprietary methylene-
bis-isothiocyanate every 1U days apnheurs to solve tiis »roblem
althougzh there are indications thut fouling (reduced heat
transfer) wpay be worse witi: tais better control} Table 3,
-omendix 3.1 shows analyses before and after biocide addition

waich indicate less silt but more iron, aluminium and organicse

It is believed that, at the hizher pZ, aluminium and
iron ave nrecinitated as Lydrated commlexes ratiaer than
beins wasied out o the svsiem. Jaese comlexes, as in the
ore-treitaent Plant, vill be associated with orsazics.
Jispersants may be auvantaceous in movine such foulants from

the srstem.

3ide stream filtration is an effective manner for
removinz sushended solids from circulating cooling water
(including algae) and it is recom:zended that trials should be
conuucted :ith a possible view to specifyvinz a orocess desizn
{or use 2t .'.CT. Immroved corrosion coairol and water quality
from the nre~treatnent ’lunt should lessen the foulin:; Droblems

but dust in-ress from tlie atmosniere will always remain.

6. Chexical Cleaning

Chemical cleaninc is an integral part of water techmology
nanagesient both in terms of rectifying wrongs and also as a routiae
naintenance technijue azainst tihe inevitable build up of foulants

and corrosion films.
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In the context of the Udyozamandal installations it
has been mentioned several times for different problems and
it is recomiended that IMiLT Personnel become trained in the use
of the techniques. Such training is beyond the scope of this
consultancy visit althouga an outline of some of the methods
available, the flexibility, power, cost-effectiveness and
danger have been given. Training courses are available

through ICI if required.

It is recommended that a small team (two or three
veorde) from the technical services are trained in Chenmical
Clearing Technology and are always involved with the technical,
planning and supervision asnects of carrying out cleans. These
neonle would ranidly become in-house experts in the technolozy
and enable [.LT to confidently exploit the benefits. For example,
annroximately 56 lakhs were shent by ICI on Chemical cleanins in
tiie last year wiere paybacis in terms of "identifiable increased
nro.uction (heat transfer efficiency) and improved plant
availability (reduced outaze for remair; were measured in hours

or moatiis rather than years.

Aanalvtical Control

The evolution of the Udyozamandal site has oeen comiented
upon showing the increasel numbers and corplexity of P}ants. In
concart with this there is 3 need for immroved and nore
soniaisticated analytical techniques to monitor and conirol the
newver nlants., {his is es»ecially true on makinz the step clange
from softened water to Ji water Chemistry, tie units qf naterials

hat cause »roblens chance from nnm to ppb (10"6 to 10'9 sram Der
litre; anl the analysis of deposits become much more Jemanding

in terms of troudleshootinz.
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The discussions were limited on a mumber of occasions
vhenmalytical techniques were mot uvailable or insuificently
: accurate to give the information required, For example,
with the water tecimology currently used by FilT at
Uiyosamandal, at least the following instrumental tecianiques

should be available and it is recommended that they are

obtained.
Analysis Zguivnent/Tecanique _anze required
ol Slectrode/MV meter 0 -14 + U1
Na Zlectrode/»V meter or .ix * sovn to 04005 37

Ca, lr., Aq * 0,02 ppm

ar® = tomic absorntion or _nission
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Azpendix 2.1

OIL 3a3IFICATIUN PLANTS

Teed stock Naphtha and O2

Produce Cyirogen by partial

Jaty
oxidation of Naphtta,.

Yater Jervices:

Jemin. : ine streax
cation : snion
Soilers:

iTe : 2 off wazte leat witer inm shell.

35 bar stezi.
Cooling:

Tyhe : 2 off ccantercurreat, indaced
draaght, open evasorative sepurate
ot well and cold well,

sty :  Admiraltv 3rass condenser on

turbo altermator.

~one

Chemical conirol

oy .
W
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apnendix 2,2

. Feed stoclk

iater 3ervices

Cooling:

Tyve

Jaty

Chenical control

14

0.YGEN

PLANT

_'.ir

Provide Up and No for site
for oxidation of manitha

and nitro~ven for .«monia

countercurreat, inducedi
dran~:t, oven evacorative

se-ar.te hot well walt r. 77 welse

chroncte, ¥hoshiate and zinc.

No biociie
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AMONLA SYNTASSIS ( 2 STREaM)

Feed stoci Jdydrozen from gasification and
Nitrozen from Uxygem Plant.
Syntaesis armonia (ICI loons)

80 + 140 te/d

sty

Yater Services

Coolinz:
Iyae (i) : Unce through cascade systems.
(ii) : 2 off countorcurrent, induced drauzht
onen evanorative separate hot well
ani coli weil {returns are open caamnels;.
»nty (i) : .:mionia convertee effluent cooier
(ii; : Comressor cooling, inter coolers,

rmonia vaouration.

None

Cheical control (i

(ii, :  Caroaate, Uuosohate anl dine,
Wo diocide.
Snecifications Jvanorative = 43 te/h circalations = 1600 i9/h

1}
()

]
Lo

A 1°C = 4°C Ccr

Proslems
DPoor Chemical control ; ingress of :debris to return channels;
slud-e deositiony loss of heut transfer; iregaent cieaning of

intercooler by takin~ comnressors olii line (moniuly)e See 5.

000
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Annendix 2,

STZAM RFOR ADIONIA PLANT

“eed stock : Naphtha, air and water

Jaty ' : Froduce 150 te/d ammonia

Cormmuissioned : 1971

Water Services

Jenin. 3intle strean filter: Cation : anion : D3 CC1 sysiems

Resins 223 N(ip) 225/7F(ip)

Final guality <035p S/cm 0,2 ppm Si0

Juantity ¢ 30 m3/h

3oilers ¢ Tlue gas hoiler ( see apnendix 4,2)
-weform ~as boilers
Shift converter boiler 2.5 te/h
Gas oreheater

Zressure : 33 bar

Irirczine + Trisodium Fhos-olate

Chenical Control

Coolinns
Tyne ¢ 1 off counterc:rrent; induced Jdraught,
onen evanorz2tive senarate hot and cold well.
Jaty ¢t Various exciangers in Plant.

Chemical control Chromute, Jhosnaate and zine,

3iocile; ethrlene bis-isothiocyanate,

530 »om every 10 days. .
AT =8¢ Circulation=1620 =3/h
o =3 =5

Probleas

Foulinz of boiler (see 4.2

Cooler failures; foulin~ andi loss of heat transfer ( 3ee 5)

o0o
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SULPHURIC ACID PLANTS ( 2 OF.j

Feed stoc™ :  Sulphur
Juty : Produce 160 + 600 te/d Sulphuric aci. ‘Slcum)

Jater services

Jenin: Two stream filter cation : anion CCR systen
lesins 205 : XN(ipJ
aality <O.2,1 3/cm < 0,8 ppm Si0y
mantity 60 M3/n

Boilers : 3 coil, matural circulation, flue zas duct,

water in tube, waste heat boiler.

15.3 var steanm 25.6 te/h 2 204°C

Caemical control Hydrazine + Trisodium Phospaate

Coolinz:
Tyoe ¢ Gnee through, cascade systems
Juty : Cool 50, gas before absorption

None

Cheaical Control
Prodlems:

Changed from softened vater to demineralised when uprated

1983, Boiler failures. Aepeated failures since (3ee 3.1)
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Appendix 2.6

Water source

Analysis
Flow rate

Piltration

Chlorination

Jrinlzin-; water:
Source

Treatment

t 18

PRE-TREATMENT PLANT

River controlled by upstrean

damming.
Appendix 2.7

3000 m3/h

10 off gravity filter. Tluted underde
with ~ Scm.

balls: " pebbles; gravel: sand.

Water backwash only @n excess head

of water.

Full flow after filtration.

Tiltered water from nhretreatuent plani

Lime + Alum dosed
Sedimentation : Filtration

Chlorination.
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Appendix 3.1

Table =1 TYPIC.L CONIUL P.oloi D 8 IV SULPSU.JC ..£I0 PLSTS

.inalysis 3oiler Feed
Phosphate as POy 20 = 50 ppm

Silica as Si0o 40 = 60 ppnm

Iron as e 0.1 - 0.4 ppm

TJS mg/1 400-800 pom

P —value mCaCO:;/ 1 10 - 50 pom

it 10,0 - 10.5 6e3 = 743
dydrazine D62

Table = 2 2J2C3I? &l ¥35Is Tl DILS Coll oF SVl I2

01 Pu D 30Tl

snalysis —_—
Iron as Fe203 80.52
Silica as 3i0o 11.68
Calcium as Cal 1,08
Magnesium as MgC 1.44
Phosnhate as POy 2,41

!
el
oy
]
]
i

CONJUCTIVITY
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. Table = 3 SUG3A323) 30TIL0 L) Tl il sTian s

U SULTIULOC W[OI PLNTS

Apalyte Boiler Feed

. Phosphate as PCy 20 = 40 »m
Silica as Si0o 2 = 40 +ppm

, Iron as e <l.2 * o << 0,05 ppm
155 as mg/l 55 =100 ppm
el 9.5 - 10.5 8.0 = 9.0
lydrazine as NoHy 0.1 - 0,2 pom

-v

# Irom will not be oresent in solution at tiis ple I:e aliquot
for this amalysis should be talken first from the plant sample

which has been thoroughly shaken,

™

+ These fiTures assume there is no colloiial silica in ihwe fcel

wvater, If there is tlese fizures still stand @s mazima in the

boiler - Colloidal siliea will be controliable once the new

pretreatuent plant is commissioneds

Although the maxirmmm recomuended is %0 ppm, the normal
' would be exmected to be in tiic rante of 2 = 10 p-m with :;00d

2} Plant operation.
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andendix  F.2
aldendix Dec
SUTI 02 APPYX I ™ CILUIDLL ST ul

i.

4

€.
7.

S.

9.
10,
11,

1z,

SULITU e D15 3CIL D

?lan job tiworoushly from Chenical, .nsincerin; and manasement asnect
3et-uz external numinz/tan: systen to enable heaiing to 80°C

and "uming at rites ejuivalent to 1 to a minimma of 5 feet/second.
Flus’: to drain at rates equivelent to> 5 feet/second.

Use 57 4 IC1 at 80°C with 0.1, .odine 215 innibitor.

Circulate at a rate equivaleai to 1-3 f2et/second, without ebeating,
for avout 6 hours or unitl no fariiuer increase in iron conceatration
occurs in any one houre Joutimely tesc elfectiveness of inaibitor
by a {lozt test with steel wool balls. If the conceniration of
iron re:ches 1,3 dum the acid and start azain. (- nsure

suficient acid + imhibitor cre available for this be.ore starting,e.
32 0.3 - axmoniunm bifluoride to tle acii and eirculate for a
fart.ier one hour, _rain.

lefill with 0.1 5 ciiriec acid. ambient temmerature. {0 inhibitor.
Tlash to drain at rites equivilent to N5 feet/second,

DM
Zefill with dey water =ni hest to 060°2, .14 J,3,5 citric aciu

anld circilate, without heczting or imhi»itor for onc hour.
4% Lrxsonia to create D110,

427 0,35 soliun nitrite ani cireailsze for two hours.
~rain anl flash with 31 water unitl aitrite free.

Fill with 4! water dosel witi =~ 32 pom .smonia (p1 1043

to carrr out pressure test if required anifor to store for u» to

several dars until the en.l of the shutiowm.
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Table - 1 SBIRN L, DDl AT LN 20 963
Jesim attained —
5as inlet 328 °C 775 - 800 °C
Gas outlet 238 °C 350 - 400 °C
Jdater 241 90 2+ °C
%\
Table = 2 Javo ol 022 o230 L ON T PR3
-nalvie Ranze
- 9 -10
!}l = alkalinity 60 - 100 ppm CaCls
Puaosshate as PCy 50 =55 pmm

fable = 3 SUGEBSTL) AN..LY3:55 RO CONITCL uvi® FG3
-.qaalrte _anre Ireouency
pid 9 =10 Shiftly
2osnhate as Ply 20 - 40 pon Jaily
3ilica as 3i0p 2 =10 oom Jaily

753 me/1 33 =133 »on Jaily
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.L_'l’-'\endix 5.1
Table =1 TYPICAL alab¥oo 3 i CUULLNG 3alul IN wbiiwla 2iant'sS
analyte Syntiaesis nlant seform Plant
:)H 6.2 - 7.0 6‘5 - 700
--lkalinity ppm Callj5 20 24
Chloride as Cl 13 = 17 15 = 24
Total Tiardness »mm 83303 70 - 1350 72
Ortho-Chosphate ppa POy A 5
Poly~hosnhate pm 20y 2 Nil
Chromate ppm CrOy 20 20
4ine pom  Zn, Nil Nil
Concentration Factor 5=54% 5-5
Table =2 s 2C3IT o i Vo2u.dsol OGN SVITISTS PLL.

S.ePLl X 24,11,1986

.nalyte ]
3i0g 4 .«cid insolubles 3=4
Cro03 . 4
POy =54
Feo(3 70
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Table =3 JPOSITS o1 FO NLIUNIa 2L

inalyte Inter stageCooler+ Tower Basin + Tower 3asin *
% April 1986 7 April 1936 5 November 1986

Loss at 230 - 500°C 29456 13438 19.8

Si0p + acid insoluble 16,0 58.16 25.2

I‘e203 29,98 10,58 2545

1203 0.26 0.15 T13.77

Cr203 5012 5,12 0.4

Cal 0.65 4,06 ND

g0 4,25 312 3okt

$05 1.79 0.76 ND

Pa05 4,98 3.28 33

In ND No NI

ND = Not Jetermined | |

* Before biocide addition pH of water typically pH 4 = 6.2

* after biocide addition pH of water typically pH 6.5 = 7.2
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.ggendix io i

Table - 1 SUGSESTA) CONLRL Pataldlois TUL CUULING SYST.IiS

Analyte Level

pH 6.5 - 7.2
Cr0, ppm 20 =30
Sol. Zinc ppm 1 - 2
Total Zinc ppm 1 -5
M -P0; ppm 10 =20
0 - POy ppm 5

Ca pom CaCO3 50 - 500
Concentration factor 5 - 6

rr/
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EXPECTED PAT TERN OF CONDUCTWVITY
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