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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 ConclJsions and Summary of Recommendations for each site. 

ii NFL 

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

iii Appendices conta~ning detailed technical points et Panipat. 

iii FACT 

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

iii Appendices contai~ing detailed technical points at Cochin. 
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1. 0 CONCLUSIONS AND .&J~MARY OF RECO?-'.MENDATIONS 

PRE-T RE;.. TM.ENT 

The Pre-Trec:tmenc Pl ant 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 reco!TU'rended that the system be fully reco­

mrrdssioned. It is a mctJage~ent matter, net a capital in­
vestment requirLment. 

This is working well but the anion resins have 

reached the end of thei= life anc should be replaced.In 

my opinion there :.s no major or~anics f01..:ling problem 

just:fying capital exp~n~iture on brine washin; or acti­

vated carbon e::r..iipment. 

It is recom'llended t~at the practice of pre-chlori­

natin~ all the site raw water should cease. This N~ll 

save chlorine anc prevent potential damage to the demine­
ralisation plant and boiler. 

There are no technical reservations or recommenda­

tions to make on the choice of hydrochloric versus sulphu­

ric acid regenerant. It is a comrr~rcial decision to be 

taken by local rn.?J'lagement. 

Proposals are mcee regarding condensate recovery 

whereby the existing polishing system is by-passed when 

it is in specification{savin~ revenue)and used in various 

other ways when out of sp~cifi~ation to save wasting it. 

contd •••• 
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COOLIN:; SYSTE.t' 

The re are genuine problems on the cooli:ig system 

causi~g Un#arranted shut-downs an~ loss of production. 

In m:t opinion the two fundamental problems are 

lack of control on the chemistry, due to lack of comnu­

nication or action following communication between the 

techniccl and production personnel and loss of biological 

control of the system. The former is management, the 

latter techniccl and proposals are ;.ade to appoint a co­

ordinator who is identifiably respon~ible for water mana­

gement. A technical progra~ie is proposed to regain con­

trol of the biolo;y of the cooling system and the princi­

ples involved are explained. No capital expenditure is 

involved but initial costs will be rrore until control is 

re9ained anj improve::rents p rovioe payback. 

Properly managed this would be a vital pa.rt of 

improving plant h~at exc'."langer reliability. coupled with 

better coding ~ater control it would lessen failure rates 

and reduce unplanned shutdowns and it ls recommended that 

it is adopted es a positive maintenar.cf technique. 

F'U'l'UP.E 

The coolir.~ wate.:- probl-=rr.s ·.-:ill ta-<e some time to 

ccme unccr ccr.t::-ol :nc re~uire on site '-'::rk during that 

t:i :ie. ! ~ a review at S0'7"1e ::u~ure date was re:vJested by 

Fanipat managerrent it should not be less t~an 6 months 

from this report. 



ft ~Fti1t\••n1 \t'I' tf1t¥Ht, C:lilot•1< ftlftr9 
The Fcniliscn And Chemicals. Travancorc Limited 

1. Slm!lary of Conclusions and Ilecomendations - ~A c. T 

1. The quality of rav water available to the tidyogamandal site is 

a corrosive one, difficult to treat in cooling systems and one 

which bas gi~ problems in this area. 

2. Pretreatment of this water is necessary and the new plant, 

currently being built, should help alleviate some probJems. 

3. The anti-corrosion progr1U11De choosen for the cool~ water is 

the best but it he.s not been applied correctly. An explanation 

of the principles and recOJ11Dendations for future control are 

giwn. 

It. 'Ihe operational policy of the demiDaralisation {DM) .Plants on 

the sulphc=ic and Willilonia installations has been developed along 

technically deleterious lines. These errors are explained and 

recommendations for futla"e control are given. 

5. Failures in the Sulphuric 4cid boiler are potentially as a 

result of misapplication of standards followino; the change from 

softened to DH water. :decom:iendations for future control are 

given. If successful this would oL~ate the need for mechanical 

modifications e.g. raising the steam drum. 

6. Potential corrosion of the sulphuric acid economiser is identified 

and recommendations for extra inspection are made. 

7. In Several cases a clear need for chemical cleaning bas been 

identified. This is a function of the age of the equi}Glent and 

the type of water technology employed. It is recommended that 

Fi.CT personnel receive truining in this field to best take 

advantage of the techniques. 

8. Some of the techniques available in the Laboratory are inadequate 

for the control of tbe site and recomI:endations for up~rading the 

service are made. 
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This Report describes discussions held at NFL 

Plant, Panipat, In5ia regarding water Techno-

logy ~3nagement in November,1986. It is essen-

tially in three parts: 

i) Conclusions and summary of ~ecommendations 

ii) Notes on discussions,principles of problems 
and recomrr:endations. 

iii) ~pencices con~aining detailed tec~nical 
poi~ts •. 

Author : D.G.~ooper 21.11.86 
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1.0 CCNCLUSIONS . .\ND &lf"'.JVARY OF RECOt-'..MEN~TIONS 

PRE-TR:::.!-.TMENT 

The Pre-Treatment Pl ant was not in a fully commi­

ssioned state. It c~uld not and was not being operated 

as installed and designed. This has produced downstream 

influences on boiler silica level,resin fouling, need 

for pre-chlorination and on cooling water control. 

It is recomr.ended that the system be fully reco­

mrr~ssioned. It is a m~agewent matter, net a capital in­

vestment requirement. 

'I'his is workin~ well but the anion resins have 

reached the end of t~ei= life anc should be replaced.In 

my opinion there i.s no m::lj~r organics foi.;lin~ ;roblem 

justifyin; capital e.xp~nditure o~ brine washing or acti­

vated carbon ·~quipment. 

It is reco~aended that t~e practice of pre-chlori­

natin; all the site raw water should cease. This ~ill 

save chlorine anc prevent potential darr.a9e to the demine>­

ralisation plant and boiler. 

There are no technical reservations or recommenda­

tions to ma~e :Jn the choice of hydrochloric versus sulphu­

ric acid regener:.nt. It is ~ com.'T.erclal :5ecision to be 

taken by loc~l management. 

Proposals are m&de regarding condensate recovery 

whereby the existing polishing system is by-passed when 

it is in specification(savin~ revenue)an= used in various 

ot~er ways #hen ou~ of sp~cification to save wasting it. 

contd •••• 
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COOLIN:; SY SI'S¥ 

The re are genuine problems on t~e cooling system 

causi~? unNarranted s~ut--::owns an~ loss of production. 

In my opinion the t·.No fundamental problems are 

l~c~ or control on t~e chemistry, due to lack of comrnu­

nicotion or ~ct:on follo~ing communication between the 

tec~nic~l end production personnel and loss of biological 

control of the system. The former is management, the 

latter techni::.:l end propos:;ls are :i-:.de to appoint a co­

ordir.ator who is identifiably responsible for water mana­

gerri€nt. A techniccl progra:r.we is proposed to regain con­

trol of the biolo:;y of t:ie c~oling syste:r1 and the princi­

ples ir.volved ere explained. No capital expenditure is 

involved but initicl costs ~ill be rrore until control is 

regai ne~ anj imp::-ove:nents p rovic? e payback. 

,...~ •• !'_ .T .- .. ~~ :"'. ~ .. 'T .,,f""" -i------ _;..._.""'\.\J..J.\._, 

Properly managed this would be a vi..tal part of 

improving plant heat exc:&anger reliabilit;·. Coupled with 

better coa1in; water control it would lessen failure rates 

and re5uce unplanned s~utdowns anj it is recom~ended that 

it is acopted es : positive maintenance technique. 

FUrURE 

The cooli~= water probl~~s ~ill ta~e some ~ime to 

cc me unc er ccr:t :-o l = n.:: re -1U ire on si ~e ···= r;-< during the t 

ti :re. ! : 2. revie:,; at S0•7'€' :::L: tu re da-.:e was re ~uested by 

Fanipat mane:9e1rent. it shoulj not. be less than 6 'months 
f rorn this report. 

contd ••• 
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2.0 PANIPAT PIANT: Built in 1979, it is an Arruronia­

Urea con-plex of Toyo Design utilising fuel oil as 

feed based on the partial oxidation route using 

site produced cryogenic nitrogen. The auxiliary 

boilers are fired with cx:>al and steam is raised 

at 100 kg/cm2 • The loop is TOpsoe technology. 

water is abstracted from an irrigation canal 

to alternately fill one of two unequal re.s.ervoirs 

of approximately 113,000 M3 and 150,000 M
3 

working 

volt: re where consi~erable natural settlement of 

silt occurs. The design allows water at a rate of 

1371 M3/h. to be pumped to two clariflocculators 

w:iere 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. as 

direct services to the plant, 2750 t~/h. is used 

for coolin~ water makeup and 105 te/h.as drinking 

water for the NFL communitya Approx. 500 te/h. is 

required for deashinq duties which is taken from 

t~e effluent treatment plant exit. 

Although the site water technology management 

must be a totally integrated operati~n, for the 

purposes of discussion it ·.-1as broken 1o'..m into the 

follo-.dn~ 2reas: Pre-treatment., Derr.ineralisati on, 

Cooling systems anc boiler systems. Detailed dis­

c~ssions were held on each of these in three and 

two hour sessions each rrornin;1 and afternoon.Notes 

on each area of (Jiscussion form the detail of thls 

report. 

contd ••• 
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3.0 PRE-TREATMENT 

3.1 Introduction - Water 1uality analyses of raw and 

filtered waters are appended(Appendix 3.1.1 and 

3.1.2) from Wllhich it can be seen that the design 

water is of high turbijity with lo« dissolved 

solids and organics. Probably due to the benefi­

cial settlement in the raw water reservoirs the 

water typically reaches the plant with rrruch lower 

turbidicies than design although, on occasions, 

the sedim~nt has been disturbed by pulling too hard 

on the reservoir and particularly in t."le early part 

of the rainy season when high levels of solid reach 

the cl arifiers. 

The particular problems identified by Panipat 

personnel were very high leve,ls of sulphate reducing 

bacteria(SRB) in the incoming water(see Appendix 3.1.3), 

probl~m.s of colloidal silica gi. ·;in; hi;"ler than ex­

pected levels o= soluble silica in the }:x)iler{see 3.2) 

and organic fouling of the anion exchange resins in 

the demineralisation(DM)plant(See 4.4). 

The pre-treatment plant was visited on a number 

of occasions during the consultancy when it was appa­

rent that not all parts of the plant Nere in a fully 

commissioned state an~ ziscussion with the operators 

suggested that this was not unusu~l e.g. the alum so­

lution preparation system. 

Durin9 the di SC'.JSsions, the incorr.ing p:i of the 

water wos around pH 8 and yet only 10 ppm of alum 

was believed to be bein9 added. In theory this would 

only destroy 4.5 ppm of alkalinity and not reduce the 

pH significantly. It should be noted that at pH's 

above p:i 7 .4 some aluminium wi 11 remain in .solution 

in the EEC standard for drinking water is ~ 0.05 ppm 
• (EEC N C 214/6 to 11/75). It woul:i 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 alum levels should be used e.g. 

upto 120 ppm. 

In laboratory tests conducted on 13.11.86, 

10 ppm alum added to the raw water produced neg­

ligible floe which could be remO<Jed and poten­

tially added approximately o.s ppm of Al to the 

water. A 10 ppm alum dose at pH 6.5 pro1uced 'a 

good f loc and could be expected to produce a 

residual alumina concentration of< o.os ppm. 

40 ppm alum produced identical f loc in pH 6.5, 

7.0,7.5 and unadjusted(pH 8) water. Even thou~h 

f loc was p reduced some aluminium would remain in 

solution at the high pH. 

From this it Nasconcluded that the water was 

not being flocculated and cl~rified correctly at 

t~e time of these tests. Because little turbidity 

was in the water at the time, little colloidal 

silica would be expected to be present so no silica 

problem would be expected in the boiler{which ~as 

the case!). Appendix 3.1.4 shows typical results. 

~o~ever, pre-treatment has several effects besides 

re1ucin~ suspended solids an~ colloidal silica. 

Table-1 summarises the role o= Pre-tre2tment. 

TABLE-1 

Role o= Fr·:-tre .tent. in ·,;citer 1':anagement 

I 
Correct Pre-treatment • 

I 
reduces • 

Effect if not reduced 

1) Colloidal silica ~igh boiler water silica.Increas­
ed blowdown. Loss of efficiency. 
Danger of damage to turbines. ' 

contd ••• 
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Correct Pre-treatment : 
reduces 

Effect if not reduced 

2) aispended solids 

3) Organic material 

4) Bacteria 

5) Iron 

Overloads filters. can clog 
in exchange units(counter 
current systems would suffer 
damage). Increases fouling 
in cooling systems; rrakes it 
roore difficult to run zinc/ 
phosphate systems and to 
control bacteria. 

Fouls ion exchange anion 
resins. Increases fouling 
in cooling systems and makes 
it rrore difficult to control 
b2cteria. 

Increases problems in cool­
ing systems in terms of bio­
logical control. 

Fouls ion exc~ange resins. 
Increases :ouling in cool­
ing .systems. 

These are the re:sons pretreatment is installed 

initially and for optimum subsequent operation of 

all downstream e~ipm:!nt it is imperative that the 

pl ant is operated correctly (see ot."'ler areas for 

cross-references e.g? ~iler silica(3.1),cooling 

system problems (5 .3) <:.ud anion resin fouling pro­

blems (4 .4). 

3.2 colloidal Silica froblems - Occasional problems of 

hi;h boiler water silica analyses despite low D.I-:. 

water valves were ~isc~ssed. 

This is almost certainly due to inadequate 

control of the pretre;.tment plant either in terms 

of pH control or alum dosage. Mee:surerrent of co­

lloidal silica is extremely dif:icult and woula not 

Contd ••• 
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normally be recommended, but if amormal silica 

levels are found in the boiler with normal D.M. 

silica values then immediate checks Should be 

rr~de on the operation of the pretreatment plant 

and every effort made to keep the toiler water 

silica level below 1.8 ppm to avoid turbine pro­

blems. 

Routinely, levels of colloidal silica are 
reported in filte=ed water but this is believed 

to be jue to limitations in the rre~~od because 

boiler water silica values do not agree with these 

values. 

Proble~s of colloidal silica can be predicted 

in a general way in the sense that at the beginn­

in~ o: the rainy season extra vigilence will be 

needeJ :n~ i::: t:ie raw water reserv:irs are dis­

t;.;.rbec. The 1.:: t"t:.er could be rninirr.ised by re·;rular 

cleaning of the reservoirs to rer.ove accumulated 

silt. 

4. 0 DEMINEP.!..L! ~'!'ION PU-.NT A~ CO~':lEN .S::..:'~ ~COVERY 

Specifications of demineralised water and 

returned condensate are in Appendix 4.0.l and 

4.0.2. Panipat personnel identi=ied the follow­

i~; problems w~ich ~part fro~ l anj ~ were dis­

cussed at length. 

a) High Condensate temperature an6 its effect 
on Resin{cat-ion). 

b) Change over of Regenerar.t fror:: sulphuric 
Aci~ to :-?ydrochloric Acid, fr:ir7'. caustic 
Soda tc Ar..monia. 

c) Organic fouling problems. 

d) Colloidal Silica problems. 

Contd ••• 
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e) Counter current and co-current generations 
of Resin - hdvantages and Disadvantages. 

f) Acid prep~ration problems for regeneration. 

g) Internal damages of Distributors. 

h) ·1acuum Degassing cum Blower Degassing. 

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

j) Problems connected with Chlorinators. 

k) coolinq Tov.er Dosing System 

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

ii) On line rronitoring instruments for cool­
ing tower and DM Plant. 

iii) ~isposal of acid and alkali waste from 
Dr-: Plant. 

4 .1 Hig~ Condensate Temperature and its Effect on 
Resin 

cation resin can safely ~~ used upto teili>era-
+ tures of 120°c in the H form. There should never 

be c::. problem on the condensate recovery plant with 

temperatures in the region of 60°C. However, see 

4.5, if the condensate was over fed back to the 

front end of the DM pl:i nt the combined temperature 

of the pretreated water and the condensate should 

not ex~eed 60°c due to problems on crion resins. 

4.2 Choi~ of Regenerant - On the c=ition unit the 

choi c; is between sulphuric acid and hydrochloric 

acid. For panipat water, the acid regeneration 

level coul:5 be re.::uced from 80 g H2so4/1, to 30 g 

HCl/l, to maintain the same run length. The calcu­

lations in Appendix 4.2 show that at the price~ 

supplied(~ata only avail~ble for the working cation 

unitsjnearly 8 lakhs/year revenue sa·:ings could be 

made cy c.'1anging to HCl. 

contd ••••• 
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To enable this to be done a comp! ete new 

set of acid regeneration, o ffloadin·~ and chemical 

storage equipment would have to be purchased and 

installed as the current sulphuric acid equipment 

is made of incompatible materials .. (See 4.3). There 

is no tec~nical reason why this should not be 

done. It is an economic/political decision. 

On the cnion units the choice of regenerant 

discussed was that of sodium hyd~hide versus 

ammonia. Ammonia cannot technically be used to 

regenerate a strong base anion resin where silica 

removal is re~uire= ss it is inefficient at splitt­

ing the quatemacy amnonium salts formed by those 

strong base groups on the rer;in. .;m.'Wnia can only 

be relied upon to regenerate weakly basic tertiary 

amino groups. 

4. 3 Acid .;ito.!"age and prep: ration problems - The hand­

lin:1 of .9..l lphuric and hydrochloric aci:!s to prepare 

5ilute solution is well documented and Panipat per­

sonnel did not declare any specific problems. Pro­

blems have been experienced by ICI fertilizers with 

fumes a;i~ using a ·3RP bulk storage tank for :iCl 

where crac~s nad been created by in~de~uate civil 

design. T~e t3nk was fabricated as indicated in 

the sketch in Fig.1 anj the civil foundations had 

been specifie: as a flat plinth. On filling the 

tan~ the bot~:im area•_:._• flexed and leaks occurred 

at 'B'. The z:roblem was solved by supportin; the 

area un:'.!er • . .; •. 

Fig.1 

Contd •• 
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Secondly, at statutory inspections, the tank was 

drained, ladders dropped inside and the tank en­

tered. On refilling, leaks Oa=".Jrred ·.-1t1ere damage 

had l::>een inflicted by the presence of the inspec­

tors. 

4.4 Organic fouling problems - The problems of loss 

of capacity on the anion resins was discussed. 

The salient points were t."'lat the resi. ns were 8 

years ol:l and had re·=iuired brina washing when a 

goo::1 recovecy of operatin~ capacity was seen.The 

capacity deteriorated necessitating anot.~er brine 

wash leading panipat personnel to believe they had 

a severe organic fouling problem. 

Although the latter are classic syrrptoms 

of fouling, the tirre scale of 8 years and the lab 

:neasured deterioration in total capacity from 4 .1 

me:y'g to between 1.8-2.7 meq/g for different charges 

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 foulin; of anion resins)on to the resins which 

in general terms, w;:>uld mean less of a problem.How­

ever, in comparison to UK,European and US case his­

tories of needing to brine wash ever1 rronth,replac­

ing resins every 2-4 years an~ not losin; gross 

capacity Conly operatin; capacity) Panipat does not 

have a problem. (Aa outline of the brine wash m:: thod 

used in the UK is Appendix 4.4). 

In terms of replacin; the resins, FF(ip)is an 

excellent resin and t~ere is no reason Wriy it s~ould 

no-:. be purchased :s a recharge. The choice of an 

alternative is a 'shot in the dar~•compared to the 

contd ••• 
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excellent service hist~ry of the FF(ip)an1 no 

change would be recomrrende~ although the alter­

nati...,·es were discu~sed at len~h e.g. acrylic, 

gel, macro-porous, iso-porous, type !,type II 

an:l their respective abilities to cope with foul­

ing, silica rerroval an·:: the general conditions at 

panipat. 

4.5 condensate Recovery - Panipet personnel described 

that 175 te/h stea~ condensate was returned to ~~e 

OM plant via& two cation exchange units operatin~ 

in parallel at 87.5 te/h each with a third unit on 

standby/regeneration. Fro~ ~,ese the condensate 

went to the secondary mixed beds { SMB) for final 

polisning before return to t"le ooiler. Approximately 

55 te/h of the c~ndensate originates from the urea 

plant and has on occasions become contaminated with 

urea. This gave ~igh ccnductivity exit the cation 

uni ts and s:iort runs on the 3?<.3. Panipat durrp the 

urea condensate to drain whenever this occurs but 

did not fully understand the chemistry or the itl\)li­

cations of alternative ac~ions. These were all 

discussed. 

It is felt that urea occasionally leaks into 

the condensate which already contains ami-nonia from 

the ooiler dosing programme (pH > 8.0)when the con­

densate passes through the cation columns,ammonia 

is exchanged for ~+(sorre urea may also possibly ex­

change for H+). The acid conditions will cause the 

urea to co~vert to ammoniurn carbonate from which 

the amronia would initially be removed by ion ex­

change resulting in carbonic acid and then ammonium 

carbonate itself appearing in the polished conden­

sate raising its conductivity and goin;•out of 

spec.•. This load leads to short runs on <:he SI·:B. 

contd ••• , 
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In this case, provided the s~ quality does 

not deteriorate, there is no justification in 

durrping the condensate whi~h is a valuable resource. 

The question that filould be asked is :"ih!' 

treat the condensate at all if it is in specifica­

tion ? 11
• In a tight system the condensate will 

contain ammonia but nothin~ else. :vny polish it 

1:0 remove the amr:onia, by C·:)nsuming sulphuric acid 

\to regenerate the po~isher)only to adc armonia to 

it aJain a little later ?. 

The system increasin:JlY used in the UK is to 

feed the condensate from steady state operation 

directlv back to the boiler feed system with a flow 

of ab.:;ut 10 l/h passing thr-:>ugh a mini-cation column 

(1 ¥. long by 3 cm diameter containing - ! e •f resin. 

One on duty, one standby). "hen the condensate is 

good a conductivity of < o.s 1-'~h .... will be attained. 

If any contaminant breaks through, the conductivity 

will immediately rise when the condensate should be 

tripped out. It could be(i) fed to the inlet of the 

OM plant Cit wi 11 be considerably better quality than 

the filtered water). {ii) Pu~ back through the original 

cation : 3MB route; (iii) Put into the cooling tower 

(goo:: ~ality ~t disadvantages are high temperature 

and nutrient effect of c~.monia/urea)~ (iv) used for 

deashing duties. 

Analysis s~ould be carried out to determine the 

cause of the trip e.g. urea breakthrough,cooling water 

leak etc. and repairs effectPd as soon as possible. 

A brief analysis of the cost of dumping 1-1as 

atte!Tl'ted(Appendix 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 col""TTlilS should be designed 

for easy .rerroval of the resin and when they are 

exhausted new resin m .ulj be c!'l~rged or labora­

tories could carryout the regeneration in glass­

ware. 

4.6 carbon Filters for Chlorine Removal - panipat per­

sonnel described t.11e problem of high level of s-..il­

phate reducing bacteria(3RB) in the incoming water 

anc t."'lei r successful attempts to reduce t.11em by 

c~lorin~ting before pretreatment. They recognised 

the danger of excess chlorine re=c~ing the ion ex­

change resins and ~ropcsed installing activated 

carbon technology t~ simultaneo~sly reduce the 

chlorine c.nd the organics goin; forward. 

This would be a rr~jor capital investment and 

t.~e following points are relevant: 

i) There is not a major cr~=.nics problem at 

Panipat(see 4.4). 

ii) Extensive testing work would be re.:;:uired to 

=in= a carbon that might work anyway e.g.coal, 

wood er coco-nut based carbon? Pore size? 

Particle size ? Regeneration rrethoc? ~~i~te­

nanCP. costs? 

iii) Operation of the pretreat~ent pl~nt correctly 

would reduce the incoming. SRB coun-t (See 3) 

iv) Prechlorinat~on could be carried out after 

the filtered water tanks i.e. do not treat 

the water going to the DM Plant in the first 

place. 

On this basis it is recommended that no such tech­

nolo9y (capital expendi ti.:. re) should be c:onterrplated. 

contd ••• 
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The danger ~f chlorine and DM Plants is a real 

one. Three things can 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 D~ Plant to be hydrolysed in the 

boiler liberating chloride lltlich can cause corro­
sion; 

ii) Chlorine attacks the resins(cation ane anion} 

shortening t~eir life; 

iii) Chlorine can pass directly through a DM Plant 

eventually decomposing to chlorides W'lich can 
cause corrosion. 

In a test carried out on 14.11.86, o.s ppm of free 

chlorine was analysed at the cation unit outlet indi­

cating t~at any or all of the above could be occurring. 

The practice of d'llorinating upstream of the D~ 
plant should stop. 

4.7 va~~um Degassing versus Blower Degassing - Both types 

of plant are in use in plants in the UK and each has 

its points but en the 'Whole blower types are preferred 
due to: 

i) Less maintenance 

ii) Very high reliability and hence availability 

4.8 co-current versus O)Unter current regene~ation - This 

subje::::t was briefly discussed but no firm conclusions 

were drawn. IC! ?ertilisers h3ve experience of both 

technologies but on the w!1ole prefer co-current due 
' 

to: 

contd •• ' 
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i) High reliability and hence availability 

ii) Less ma:nte n:lnce 

iii) Le3s complicated and easier to operate 

See 4.9. 

4.9 Internal oamaae of Distributors - This subject 

was briefly discussed. Old style nozzles an:j 

laterals in cx:>-current systems fail spontaneou~ly 

from time to time. This may be due to aging Closs 

of plasticiser encouraging brittleness) or water 

hammer phenomena during v2lve changes, especially 

during regeneration. In counter-current systems 

tremendous problems have been experience<$With upper 

bed laterals where bending and breakage have been 

common. This has been partly due to inadequate 

design of supports but also cue to water hammer 

effects and piston moverr.ent of resin • .suspended 

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. 

s.o COOLIN3 SYS'!'S~S 

5.1 Description and problems - There· are three towers 

labelled cr1-cr3. The basic data is shown in 

Appendix 5.1.l and 5.1.2. Chemical analyses for 

Cctober,198€ for C'Tl and Cl'II are on Appendix S.1.3 

and S.1.4. 

The problems have lar~·ely been seen on crl 

which has the nost arduous duty, critical exchangers 

and suffers from intermittent. in~ress of fly ash 

f rorn the nearby coal and ash han511ng plant. The 
' 

other towers although adjacent to crl, seem to escape, 

this. ~ignificant numbers of exc~anger failures 

contd ••• 
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have occurred leading directly or indirectly to 

a high number of amrronia plant shutdowns outside 

the planned annual cwerhauls. For example, the 

synthesis gas colft'ressor 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 p!i con-:rol from time to time, 

high conversion of meta to ortho-phosphate, in­

effectiveness of d'llorination, high volume of 

sludge settling in loN velocity areas, high levels 

of cooling water chemicals in the side stream fil­

ters, failure of hP.at exchangers and loss of effi­

ciency of heat transfer on exchangers were identi­

fied as problems(!) 

Due to the complexity and multifarious nature 

of the symptoms on these systems much time was 

spent in discussion and this report summarises those 

in terms of the fundamental problem which it is be­

lieve~ has be~~ icentified. 

S.2 Chemical control of coolina systems 

S.2.1 Philosophy - The oooling water chemistry in use,.is 

a widely accepted one and is fundamentally accept­

able but the limitations are equally fundamental 

i.e. good control within the close tolerances laid 

down in the specification(suggested specification 

in Appendix 5.2.l). 

Contd ••• 
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Detailed study of the Panipat specification 

suggests the following philosophy: the first pIO­

grarrune in use on t~e plant was :U·1P at 20-25 ppm 

plus zin.:: sulphate at 3-5 ppm at pH 6.3-6.8 Wiich 

gave hard phosphate sca~es(largely due to poor pa 

control). To combat this, the !i~l> was reduced, a 

polyelectrolyte dispersant added and ~EDP to operate 

in rrore alkaline conditions (to reduce meta to ort.11o 

conversion and minimise calcium phosphate scales). 

By reducing the !i}~ so much, its role as a corrosion 

inhibitor is minimised a~ reliance is placed on the 

zin= to cathodically lir.~t a:>rrosion. The role of 

the H!'P is therefore much rrore one 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 rev·ersion are pH and 

terrperature. The lower the p:-i and the hiqher the tem­

perature th::: faster the reaction. F~r exampJ.e,micro­

biologi ca 1 grm.,ths wi 11 produce micr:>-~nvi ron:r.ents 

where the p~ can vary significantly, even the bulk 

water p!i can be depressed by nitrifying bacteria 

oxidisin1 ammonia t~ nitrate ano some heat exchangers 

on the amm:::>nia plant have particularly hot skin tem­

peratures9 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 Hr-P if 

the meta to ortho conversion problem comes under con­

trol. If the reversion is m:>re a function of high 

temperature then it would be better to stay with 

s r· ... 'Tl :n~. 

The key factor in applyin9 this cnemistry is to 

maintain the bulk water chemistry within the sped. :ica­

tions as closely as possible. Zxcursions will initiate 

all the probl~ms outlinec in Appendix 5.1.2 wh~ch 

will not be totally rectified o~ retumin~ to speci- ' 
' 

fication but will fester and .:ead to secondary ,pro­

:blems e.g.: high p:i will cause a scale deposit,under 
' 

'the a.2posit corrosion can develop, SRBs can grow, 

Contd.~. 
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failure can occur. The specifications refer to 

solution chemistry and require 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. Zn and HEDP)which upset this chemical control. 

Extra zinc and HEDP must be a::lded to maintain solu­

tion chemistzy. 3ome 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 all the 

discussions with Panipat personnel •• vithout doubt 

an agent is required to carry out the following: 

i) Stabilise zinc ions in soluti~n. If no agent 

is used zin= will precipitate at p~ 7.8 and 

the programme will fail. 

ii) ~isperse suspended solids e.g. bacteria, 

flocculent scale, fly ash. 

These jobs may be carried out by a single polymer 

ovamixture of polyrrers and it is recom.wnded that 

Panipat pers:::> nnel discuss this in detai! with Aqua­

pharm a~.a their corr:p~ti tors. 1'he .~.qua 4000 is an 

anionic polymer ..:hic:-i is a major problem to SR3 

control (see 5. 3.3) ana it is suggested that a non­

ionic dispersant 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

mulated problems which has led to failure of chemi­

cal programmes an~ equipment. For example : 

Contd ••• 
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1) Inadequate pretreatrrent(see 3.l)allows higher 

levels of bacteria,especially SRBs,to 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 carbon(e.g. soot/fly 

ash particles)or any sludges{poor penetration). 

iii) Recognition of (ii) by Panipat personnel led to 

the use of non-oxidising biocides in a technique 

whi d1 they incorrectly believed would ste rilice 

the system. Because the system was not under 

c:>ntrol (which it was believed to be) the cause 

of several effects were misunderstood e.g.rapid 

'regrowth•, "feedin~ on dead bacteria"; sudden 

pH drops caused by intrifying bacteria Cbut they were 

gone•), consistant SRB activity(ineffective biocides). 

It is believed that t'le problem can be surruna­

rised as fcllo~s: 

i) Bacteria gain access to the system and grow 

at a rate greater than they are killed by 

biocide treatment. 

ii) They grow as layers and form sludges in mix­

tures with coal ash and other solics,especially 

in le·,; velocity areas. 

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 the 

uppermost layer on the sludge. To contact those 

lower in the sludge re ~uires diffUsion through 

the sludge. 

Contd.~ 
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v) 'l'he bacterial count in the cirOJ lating 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 a rooderate problem. 

vi) Anaerobic bacteria grow at the botto:n of the 

sludge e.g. SRB. often next to the metal sur­

f ace causing pitting. 

vii) The sludge layers restrict heat transfer and 

prevent anticorrosion chemicals gaining access 

to the metal surface which is the only place 
they can act. 

viii) Control of the system is l·~st. 

5.3.2 Principles of ~~crcbiological control - Death rates 

of bacterial populations 2 re e.xpo!'lent:i.al as Si o· ... m in 

Fig.2 reflecting the probability effect of a cell 

coming into contact with the biocide and actually 
dying. 

Fio.2 

Dea~h Rate of Bacterial population 

lt is the slope of the line that in~icates the 

rate of deat~ anc population~(i), {ii) and (iii) in 
I 

Fig.2 are being killed et t':1'2 same rate. Ho·..vever, (ii) 

started ,as a larger population than (i) so takes a 
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longer time to reach the same final number. In 

(iii), insufficient biocide was added to kill 

all the cells and the population starts to grow 
again, never reaching \b. 

~his outlines t.~e two key principles : 

i) Enough toxic material must be added to 

kill all t.~e cells; 

ii) It must be allowed sufficient contact time 

to effect the kill. 

Due to the sludge format.ion as described in 5.3.l 

the contact ti:::e to kill cells (includin; SRS at 

the bottom) could be many days,even then., the con-

centration that finally reaches the cell may not 

be enc ugh to kill it. This contact. ti me and con-

centration at t':1e cell cannot be :p:·edicted for any 

given s-1stem but i ! vcrying doses are added for 

vary in; len~ths ~f tirr:e, inspecti·:)n and monitoring 

of t~e system will indicate when it is clean anc 

leac to the selection of a cost-effective regime. 

A cooling system should be operated wit~ CX)D­

tinuous make-up of Nater, continuous dosing of 

chemic:ls an'1 continuo'\.:S purge. "hen this occurs 

the best control can be maintained and the concen­

tration of any involatile =orrponent, c, cen be pre­
dicte::= :.ccura":ely vers'L:s time in exactly the sa:re 

way that decay of a radio-active element can be 

modelled an:: a half-life value expressed. In an 

open evaporative cooling system -

:-:alf-life = 0.69 V (CF-1) 
E 

and it can be shown that 
.· E \.->~ v (Cf'-T'J ~' .... c0 = ct.e 

• 

eontd ••• 
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where co -concentration of conponent initially Ct
0

) 

ct • concentrat,ion Of corrponent after a time Ctt) 

e = exponential 

'l.O lume of system 3 v = m 

CF • concentration factor 

E = evaporation rate te/h. 

t = time hours. 

The~efore, to dose once per day(t=24) to keep a 

minirrum concentration(ct) it oan be calculated how 

much must be added (c
0

). It should be remembered 

that t""le system concentration will not be zero except 

the first time it is dosed in such a programrre. e.g. 

if ct re~uired is 10 ppm and the calculation says 

adc 17 ppm, on day t"'1o only 7 ppm will nee:1 to be 

adde:l to maintain t'-'le pro;ram:.e. 

s. 3 .3 Prop:)Sed met:1oj for qaining rni::robiological control 

T!".e role of .:;CfUa 40CO has been C.iscussed in 

5.2.2. 3ein~ an anionic polymer it reacts with any 

cationic biocide e.g. citri"1ide to precipitate as 

a floc(this was proved in a lai::oratory experiment 

on 18 .11.86). rwo of t".'le most effective biocides 

against SRBs at the pH of the Panipat systems are 

cationic in nature anc thus could not be expected 

to work reliably. In the short term it is proposed 

thct sodium pentachlorophenate is Added at 10 ppm 

(i.e.ct • 10 ppm) once per day. Prechlorination and 

system chlorin~tion m3y be continued as required. 

(There is a danger of an effect on the effluent 

treatrr;ent plant and this should be monitored closely). 

To avoid selectinq resistant strains an alternate 

biocide should be used for one week atleast once 

per month. Iso-thi~olones have been used by Panipat 

in the past and this can be continued. Although not 

gooj against SRB specifically, it is a good aerobic 

C:>ntd •• 
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bactericide and will help to gain system cx:>ntrol. 
Q. 

Methylene b1S-thiocynates have also been used bit 

are !'lot recom.Tended as the p~ is too high when the 

tower is on-line. Dosing should take place daily. 

In the longer term, if the Aqua 4000 can be 

replaced by a non-ionic dispersant, a polyamine 

or quaternary amine biocide can be used. These are 

e=fective against 3RB and have good dispersive pro­

perties (someti~es too good, an antifoam should be 

available when using these). 

Crgano-bromine compouncs can be used(with or 

without. A~a 4000)as good c~ntrollers of 3RB.Appen­

dix 5.3 .3 lists the pro.s and a:ms of the biocides. 

A suggested program:re .. rould 'be: 

Daily dosing of quaternary ~mnium conpound 

at ct = 10 ppm for three weeks. 

Daily dosing of organo-bromine at ct =10 ppm 

for one week. 

Monitor by 3RB count and viable plate count 

(VPC) but take particular notice o:: corrosion cou­

pons for evidence of SRB attach. 

After 4 weeks, reduce levels of each biocide 

by 5 ppm if corrosion coupons are free of SRS 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 do·..rn to 

find the optimJm,cost effective dose to meet the 

specifications in Appendix 5.2.l(especially SRS) 

and regularly get no SRB attack on the coupons. 
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Once the microbiology is under control this should 

(i) improve pH control (no nitrifying bacteria to 

plunge pH downhmich may improve the phosphate re­
version p xoblem which mould improve the phosphute 

scaling problems and subse1lJent under deposit co­

rrosion problems: (ii) SRB attack - a major cause 

of heat exchanger failure - should cease; (iii) foul­

ing by coal ash may be lessened - bacteria make 

sticky deposits, encouraging entrapment of suspenced 

solids • 

• !l..11 this work demands good con~rol of the 

cooling water chemistry, an understanding of the 

cor:;plex interplay of all the variables and a will 

to make it work. It is recornmende~ that a single 

person is given t"le responsibility of co-ordinating 

all th1~ aspects (lab analysis, interpretation of re­
sults and practical actions on the plants). 

A seminar was held in the ~mrronia plant confe­

rence room on 18.11.86 to discuss c~emical cleaning 

in the fe rti li zer industry. M:> st attendees were 

familiar with the basics but a lively discussion 

ensued on t~e philosophy and some specific problems. 

T':i: nature of the coo ling water probl ::ms on t."le 

?a!lipat site and the history of failures suggest 

strongly that part of the overall rr.anage~ent of t~e 

water C'Jcle shoul:l include chemic;.! cleaning of the 

critical heat exchanger. The follcA"ing points from 

the discussions are valid: 

i) Clean ~aat exchangers foul and c~rrode less 

:;ruicidy t.'lan dirty ones; 

ii} The nature of the phosphate cooling water 

c~emistry is that so:ne fouling/scaling will 

always occur. The ~rse the control,the worse 

the problem. 
::::ontd ••• 
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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 rerrove debris and expose 

holes and weaknesses. 

v) If those holes and weaknesses cause acid 

leaks or failure at subse:;ruent pressure 

testing ':' so be it. They would have failed 

anyway in a ve-ry short time, so it is be­

tter to find tne problem when already in a 

shutdown situation, Nith resources available 

for repair, than to go back on line and trip 

off one or t·NO wee~s later in an unplanned 

manner. 

It is recomrr.ended that chemical cle~nin.:i is 

used as a ~=intenance tool to clean exchangers and, 

in a way, finj their weaknesses. 
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APPENDIX-3.1.1 

T:-iE DESIGN ;.?\!) ACTUAL ;t;ALI!'Y OF ~ W :.;ATER 

s.No~ Parameter Design Actual 

1. p:i 8.3 8 to 9 

2. Cond. 170-250 

3. Turbidity (Silica units) 90 to 2000 5-25 

4. Total nard (as caco3 > 125 70-120 

s. ca Hard ( II ) 90 so-so 

6. Mg Hard ( .. ) 36 30-45 

7. P alkalinity ( II ) 8 a.o 
8. m-alkalinity ( II 108 55-95 

9. EM.?>. 25-40 

10. TDB 250 100-90 

11. Chloride (as Ct) 24 3-8 

12. .;:\ilphate (as S04 ) 40 15-25 

13. Nitrate (as N03 ) 1.2 1.0 

l~. Iron (as Fe) 1.9 o.s-0.1 

15. 3odium {as Na+} 4.5-7.5 

16. Pot{as K ) 1.5-4.0 

17. Silicate (as SiC
4

) 

i) soluble 6.0 5-a 

ii) colloidal 1-3 

18. ~issolved oxygen{as o> 6-11 

19. .900(5 days) (as O) 0.5-1.s 

20. COD(as O) 1.0-3.0 

21. KMN04 
value 

i) 3 min 0.15-0.7 

ii) 4 hours 2.0 0.6-1.6 

22. Fluoride (.::..s F) 2.0 NT 



~UALITY OF FILTER W>..TER 

S.No.I Parameter 

1. pH 

2. cond 

3. Turbidity(Si02 Units) 

4. Total Hard(as caco3) 

5. ca Hard ( " ) 

6. 

7. 

s. 

Mg.Hard { 

p-alkalinity 

m-alkalinity 

It } 

n, ) 

' II 

9. EMh 

10. TD.S 

11. Chloride(as cl) 

12. ~l~ha~e{as 004 >' 
13. Nitrate(as N03 ) 

14. Iron(as Fe) 

15. .SOd(as Na+) 

16. Potias K+) 
' 

17. Silicate (as Si02 ), 

i) Soluble 

ii) colloidal 

18. 

19. 

Dissolved c2 Cas q> 
BOD(S-days) ( as,O) 

20. 

21. 

22. 

CC.D(as O) 

Kn~o4 value 

(3 min.) 

(4 :iours) 

Fluoride(as F) 

APPENDIX 3.1.2 

Range (ppm) 

7-8 

180-260 

1-8 

70-120 

so-so 
30-45 

NT 

35-85 

30-50 

110-200 

4T8 

25-40 

NT 

0.05-0.1 

4.S-7.S 

1.S-4.0 

5-9 

s-s 
1-2 

6-11 

0.4-1.2 

0.6-2 .s 

0.1-0.4 

0.4-1.0 

NT 



APPENDIX 4.0.1 

(A) NO ?YS OF :UALITY OF POLI ~-i!D ~TER 

.S.No.: Parameter 

1. pH at 2soc 

2. Silicio acid(as Sio2 > 

3. Hardness 

4. Conductivity at 20°c 

5. Terrpe ratu re 

6. Total iron 

7. Aluminium 

8. Total copper 
calcium 

9. Total C02 

10. Oil 

11. KMn04 value 

No tm of quality (ppm) 

6.5-7.2 

0.015 

Nil 

0 .2 m hos (Max.) 

About 35°C 

0.015 

Not precipitable 

0.003 
Nil 

Nil 

Nil 

s.o 

APPENDIX 4 .0.2 

(B) DE 3I 3N c~::.. R,.!.CTSRI STI CS OF ?.ETtJRN CONDEN Sb.TE 

S.No. Parameters 

1. Temperature 

2. TUrbidity 

3. pH 
4. Tot~l =ation{as cacc3 
5. Total ~nion{as caco3 ) 

6. Ionic iron(as Fe) 

7. colloid:l iron(as Fe) 

8. Copper(as CU) 
9. .3ilica {as Si:)2 ) 

10. Conductivity 

I i Characteristics (ppm) 

60°c 

Nil 

7-9.S 

1.5 

1.5 

0.1 

o.os 
0.1 
0.02-0;7 

15-25 rn hos. 



APPENDIX 3.1.3 

BACTERIAL COUNTS IN CT-1 -~ND cr-2 CIRCU:LATION ._.lATERS A..~D W>.KEUP 

~·JATER 

• CT-1 I CT-2 rt\lu water I t 
~.c>nth I I 

I 

SRB/100 ml ! VPC VPC SRB/ VPC SRB/ 
lOOml lOOml 

Aug.SS s,soo 460 21,000 270 215 so 
to to to to to to 

1,34,000 790 2,45,000 1800 1190 140 

~pt.85 31,000 110 21,000 so 880 120 
to to to to to to 

1,14,000 1100 1,25,000 1300 1910 140 

Cct.85 20, ('00 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 44,000 220 140 Ml' 
to to to to to to 

1,10,000 790 1, 80, 000 490 575 20 

Dec •• 85 6,000 20 12,000 so 68 M2:' 
to to to to to to 

3,80,000 340 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 29,000 so 130 20 
to to to to to to 

4,49,000 2400 2,12,000 1300 253 90 

March,86 5,000 110 1,600 140 
to to to to 

2,52,000 1550 1,80,000 1100 

;:..pril 86 S/D S/D ~D 

f"_.ay I 86 87,000 340 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 so 
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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(A) SPECI FIO.TIONS OF CIRCUL.:<r'ICN '.A;;TER OF COOLING TO-.-.ERS 

cr-1 AND cr-2 

S.No.: Parameters ~ecification(ppm) 

1. pH 1.s-e.o 
2. Turbiaity 15 

3. Conductivity 1200 mhos 

4. TD3 700 

s. Zn++ 2.0 

6. Meta phosP"iate s.o 
7. Ortho-phosphate s.o 
a. o rgano-pho sphona te 10.0 

9. Chlorides 100 

10. Free chlorine 0.2 to o.s 
11. Total :;araness 600 

12. cal ci.um :iardness 380 

13. ~~gnesium ,ardness 220 

14. Cycles of cone. 3.0 

15. corrosion rate 2.0 to 3.0 mpy. 

(B) NORM.3 CF BOILER FEED W-~rER 

S.No. Parameters Norms (ppb) 

1. T::>S 100 

2. Total Iron 10 

3. Total copper 5 

4. Total Si02 20 

s. Oxygen 7 

6. Hydrozine 10-20 

7. pH e.e-9.2 



Appendix to 4.2 

Regeneration level on existing plant 

Resin volume 

Regeneration level 

Approx.capacity expected with 
water of 31% ~.g,55~ ca,14% Na+k, 
66% alkalinity. 

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

P.pprox use of H2 3.J
4 

per year(inc • .tw:B) 

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

Approx amount of acid used on 
cations per year 

cost at 1200 ?/te for 98% acid 
delivered 

On HCl regeneration level required 
for 32.8 g caco

3
/lr.capacity 

-;.iith 1200 regenerations per year 
acid use 

cost at 250 R/te for 33% acid 
delivered 

: 350 Kg 2% n2 so4 
350 Kg 4~ !-12 so4 

8.75 M
3 

so g !i2 3)4/lr. 

30.1 g caco3/lr. 

32 •8 x 8 • 75 x 1000=2392 120 

: 975 te/yr. 

1200 

840 tes. 

1200 x S40xl~~ = 10• 3 lakhs 

30 g HCl/lr. 

30x8.75xl200. 315 tes~yr. 1000 ~ 

250x315xl00 
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 normal regeration rate 
~ 

Add 2 Bv of 10% w/v Nacl + 23 w/v NaCH at ambient 
temperature. 

Leave to soak for as lvng os possible(6-12 hours mininum) 

Displace with 3 Bv of water 

carryout backwash,settle and caustic inject stages of 
normal regeneration. 

Repeat caustic inject stage. 

carryout displace~ent and rinse stages of normal regene­
ration. 

Return to service. 



APPD.T!>!X TO 4 .S 

Flow rate of urea condensate 

Approx cost raw water 

Approx cost of DM water ~ 20°c 

-~pprox cost of condensate '@ 60•c 

Cost/day of a:> nden sate if dunped 

55 x 24 x 30 

co st/day of extra make-up due to 
lost condensate. 

55 x 24 x 10 

: 55 te/h. 

0.77 P./te. 

: 10 R/te. 

* : 30 P./te 

39,600 R. 

13,200 R 

52,800 R/day 

* Estimate based on UK value of condensate being 3 times 

D~ value. 



APPENDIX TO S.1 

5.1.1 Cooling towers on i>anipat pla~t 

CTl CT2 CT3 

Plant served Amrronia Urea urea condenser 

Type Induced draught,cross flow,open evaporative 

Number of cells 

Ci rOJ 1 a ti on rate 
3 

m /h. 

8 

17500 

11 

~ot return temp.•c 44 

3 Volume E 

Evaporation te/h. 

concentrat:i on factor 

.Side stream filtration 

!ialf-life, 

7500 

350 

3 

2.3% 

29.6 

3 1 

10 

3500 

150 

3 3 

2% Nil 

32.2 



.~PPENDIX TO 5.1 

s.1.2 Cooling water chemistry in use in November 1986 

Chemical parameter 

Hexa-:netaphosphate 
(HMP) 

Organo-phosphonate 
(:iEDP) 

Zinc 

.;qua 4000 

Ortho-phosphate 

pH 

Role 

cathodic corro­
sion inhibition 

+ 
Limited di sper­
sancy of calcium 
as positively 
charged colloidal 
particles within 
defined pH limits. 

calcium scaling 
inhibitor with­
in defined pH 
limits. 

cathodic corro­
sion. Inhib:tion 
·.within defined 
p:i limit.s • 

.!-.nionic disper­
sant. 
Role unclear 
from all discu­
ssions (see text) 

Not added deli­
berately but 
fo .rmed 'uj hydro-
1 y sis of HMP. 

Critical for 
allowing other 
agents to work 
correctly. 

Effect if Hi i Effect if ~o 

Increased co­
rrosion pro­
tection. 
Increased dan­
ger of higher 
o-pq1 giving 
seal ng. 

Minimal 

Danger of ex­
cessive zn(OH)

2 precipitating 
as foulant. 

? 

Excessive P04 scaling. 

Precipitates 
Zn giving 
Zn (OH)

2
+L& 

zn(see above) 
causes calcium 
carbcnate and 
phosphate 
scales. 

Serious 
pitting. 

Excessive 
scaling. 

Serious 
pitting. 

? 

Desirable 
state. 

causes fast 
hydrolysis 
Of ?UP to 
0-P04 causes co­
rrosion. 



APPENDIX TO 5.1 

S.1.3 S'fnthesis Gas conp-essor Intercooler 3rd stage 

water in shell,carbon steel, 2 pass,u-tube bundle 

Design water velocity : 1.1 nv's 

Design gas inlet/outlet terrp. : 114°C/43°C 

Design water inlet/outlet temp. 33°C/43°C * 

Failure mechanism: 

Deposits,SRB corrosion and possibly vibration 

Deposit analysis+: P04 36.9% 

ca 10.9% 

Fe 7.5% 

Zn 16.5% 

Loss on 
ignition . 32% . 
Acid in so-
luble 1.8% 

Presence of algae, bacteria and coal particles 

Failure ~istory: 

Commissioned - 1979 

Failed : 

Changed 

January, 1981 

March 82,~ay,82,June,82,June,82 
April 83,November,83,November,83 
June,84,June,84,July,84. 

April es. 
* A O•c approach temi:e rature is impossible l::ut this was the 

data in a report.(Possibly a typing error). 

+ This addlup to greater than 100% because some components 
will be included in two analyses e.g. some Zn will vola­
tilise on ignition. 



APPENDIX TO 5.2 

5.2.1 9.lggested Specification Of coolina water chemist;y 

Parameters Max z..ad.n I Average 

HMP ppm as P04 so 3 (15) 5 * (20) 

:iEDP ppm as P04 40 8 10 

Zinc ppm as Zn 3 1 2 

Aqua 4000 See text 10 

0-Phosphate ppm 
oS PC4 5 0 

p!i a.o 7.5 7.7 

TOt-3.l bacteria (UPC/ml) 1,00,000 20,000 

S?.B (per lOOml) 300 !-.:il 100 

Calcium ppm caco3 
600 so 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 S.3.1 

S.3.3 Selection of Biocides 

Chemical 

.s 
Methy 1 ene bia-
thiocypa te 

Na pentachlcro­
phenate 

Polyamine I 
,Juaternary f 
ami:: 1 

Organo-bromine 

Iso-thio.zolone 

--------- -- --

Ac vantage 

Effective over a 
long period. 

Easily biodegrajable 
Good a i spe rsant 
Low ~oxici ty to ma'l 

Easily biodegradable 
Co&IJ'atible with all 
other treatment che­
micals. 

Biodegradable 
Good despersant 

Disadvantage 

Not effective a~ 
pH ~ 7.5 

Effects sewage 
treatment. 

Adsorb on suspended 
particles. 
can cause foaming 
Incompatible with 
anionic polymer. 

Not g;:>od against 
algae. 

Not ~od against 
SRB. 
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The Fcniliscrs And Chemicals, Travancorc Limited 

Prologue 

This report is essentially in three parts: 

(i) SllllJn&lry of conclusions and recoumendations. 

(ii) Notes on the discussions held vith FACT personnel 

including general data, concepts and reasons for 

reaching certain conclusions and recoJ1111endations. 

(iii) Appendices containing detailed technical information 

used in the discussions or form.int; the technical 

recor.m1enda tions. 
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1bc Fertilisers And Chemicals, Travanc:orc Limited 

Contents - FACT 

1. Summary of conclusions 

2. Introduction. 

). Sulphuric ~cid Plants. 

3.1 Boiler ~roblems. 

3.2 Chemical Cleaning. 

l.l. .nmmonia Plants. 

l.l.1 ~emineralisation Plant 

and recomnendation.s. 

on ll.eform Unit. 

4.2 lc.efol'lil l'lant - Flue Gas Doiler (RiB). 

It.2. 3 ~~efol'lil .l:'lant - ..::.ef onn Gas Boiler (AGB). 

5. Cooling Systems. 

5.1 Introduction. 

5.2 Root c~use of problems. 

5.3 ii.eco11111endations for Cooling Systems. 

5.z. Nicrobiological Aspects. 

6. Chemical Cleaning. 

7. Analytical Control. 

s. ncknowledgements. 
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:The fcrtili$Crs And Chemicals, Travancorc Limited 

1. Sumnaq of Conclusions and llecormendations 

1. 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. 

2. Pretreatment of this water is necessary and the new plant, 

currently being built, should help alleviate some problems. 

J. The anti-corrosion progrBlllDe choosen for the cooling water is 

the best but it hes not been applied correctly • .An explanation 

of the principles and recom:nendations for future control are 

given. 

It. 'Ihe operational policy of the demineralisation (DM) l'lants on 

the sulphuric ~nd ammonia installations has been develuped along 

technically neleterious lines. These errors are explained and 

recommenrlatione for future control are given. 

5. Failures in the Sulphuric .:..cid boiler are potentially as a 

result of misapplication of standards followi~ the change from 

softened to Dl-i. water. rl.eco111aendations for ... uture control are 

given. If successful this would obviate the need for mechanical 

modifications e.g. raising the steam drum. 

6. Potential corrosion of the sul~huric acid economiser is identified 

and recommendations for extra inspection are cade. 

7. In Several cases a clear need lor chemical cleaning has been 

identified. This is a function of the age of the equi1.cient and 

the type of water technology employed. It is recommended that 

F..CT personnel receive trainin; in this field to best take 

advantage of the techniques. 

8. Some of the techniques available in the Laboratory are inadequate 

for the control of the site and recommendations for upgrading the 

service are made. 

L__ ____________ " _____________ ------- ----------
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The Fertilisers ADd Chemicals, Travancore Limited 

2. Introduction 

: 1 : 

Fertilisers And Chemicals Travancore Ltd. (F.n.CT) has evolved 

on the Udyogam.andal site since 19'!5. It now consists of two Oil 

Gasification Plants, a cryogenic Oxygen Plant, two cold gas quenching 

$monia Synthesis Loops, a naphtha steam reform ....mmonia Plant, two 

Sulphuric i..cid Plants, one fhosphoric .n.cid (100 te/d, P2o
5
), a two 

st~am ~onium Chloride Plant (75 te/d), a two stream ..\mmonium Sulphate 

(6oo te/d) and. two NPh 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 4cid and ~onium Sulphate Caprolacto.m ~lonts 

are under construction as is a new water pretreatment plant. 4ll 

effluent treatment plant takes all the site liquid effluent which is 

treated before being put to a brackish water river. Further details 

are in .H.ppendices 2.1 to 2.6. 

The water supply is from a fresh water river with an analysis 

(Appendix 2.7) shoving it to be a high turbidity, low TDS water with 

only moderate organics. In drought conditions the salinity can rise 

significantly and in the monsoon the organics can rise. It is a 

naturally corrosive water. 

:;. Sulphuric A.cid Plants 

3.1 Boiler Problems 

The boiler system was uprated anc converted to demineralised 

water feed (from softened) in 1980. Frequent failures have subse­

quently occured in the top coil bundle requiring renewal every two 

yearsz causing excessive lost production and dzunage to the plant 

itself. Figure 1 in Appendix 3.1 is a sketch of tbe boiler system. 
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.Appendix 3,1 - Sketch of Sulphuric ~·.cid Plant Boiler System 

Figure - 1 

Demineralised water is pU1:1ped through a pressure tleaer~tor in 

which oxygen is re~uced ~ O.O~ PJD• Hydrazine is added to 

maintain 0,2 ppm in the feedwater an~ the water passes through the 

economiser 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 shovn in Table 1.2 in 

Appendix ),1, The points discussed were the relatively high values 

of iron, silica and TDS in the boiler water as the boiler failure 

mechanism is creep of the tubes following loss of heat transfer due 

to the accumulation of mainly iron and silica. 

In a demineralised (DH) water boiler, the levels of impurities 

which can be tolerated are cuch lower than in the same boiler 
I 

(independent of pressure or heat fl11%) on softened water feed, 

\iith .lli feed of less than 1 ppn TllS and o.s ppn Siu2 the boiler, 

with 20 ppm phosphate ( 35 PJlll as Na
3
ro1) should, not have more than 

100 pJlll Ti.IS and "<> PJlll Si02• 'Ihe vital questio~ therefore are to 

find out what the rest of the TllS ~re, what trouble they may be 
I I 

causing and how to limit them. Some aIU:.lyses we~e ini~iated 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 vay the IM Plant vas being· 

operated were discussed on the basis of data collected by FACT personnel. 

The Ill Plant was being run to a conductivity end point of jO ,,S/cm 

exit the strong anion bed. Figure 2 in 4ppendix 3.1 shows the anseen 

effect (in tenns of conductivity) of silica leakage under such a 

philosophy. -~lthough conductivity was not recorde~, it can be assumed 

to hc.ve finally broken through at around 22 hours, reaching 30 JJS/em at 

23 hours. Figure 2 ••ppendix 3.1 is a sketch of how the conductivity would 
C?_,,.pi!.-:.•~) 

be ~Pesse~ to behave. For a Ill Plant of this type the cation unit should 

be regenerated at a sodium concentration of 0.5 ppn and the anion at a 

silica value of 0.5-1.0 ppn {or regenerated as a linked pair on the first 

limiting ion). From Figure 1 Appendix 3.1 this would be after 4l' 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. -~~ditionally, again 

not recorded, bicarbonates ~reuk throu,;h from ~he resin at the sace time 

as silica and will pass to the boiler. Ibey could be part of the high TDS, 

possibly linked with sodium which may also have leaked from the ove~· 

cation. 

It is recommended that some way of "catching" the end point is 

developed and re~eneration initiated at that time. For example (best 

method to be assessed by En.CT personnel)! 

i) Frequent {hourly) manual analysis of silica 

ii} On-line analysis of silica. 

iii) use of a lower conductivity set point to catch the sodilDD 

breakthrough (e.g. if normal conductivity is less than 0.2 pS/cm 

set trip at 2 pS/cm exit the strong anion. This will only succe~s­

fully limit the silica concentration if the cation and anion are 

closely balanced in operation on the t:.ct •ater). 
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iv) Measure conductivity exit the strong anion after passing the 

r«.,s\-A + 
sample through a small column of cation il'9R in the B form. 

This sensitises the measurement by removing trMes of aodim 

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 may 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 colilllission. Thus, although 

the water is deaerated and hydrazine dosed~without alkali it is still 

hi6hly corrosive at a pll less than s.o. 7he corrosion mechaniSLl i~ not 

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

= 
and at the ano~ 

0 ++ 2e-Fe = Fe + 
Fe++ + 20H- = Fe(OB)2 occur 

+ - H.i 2 B + 2e = while, at the cathode 

Hetal 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 the.ir polarity). Polarisation 

and passivity never occurs because flowing water remo'V"!s the Fe(OB)2 and 

~· It is recomclended that some alkali, e.g. the phosphate is added 
_"\r~cr 

immediately after the deaerator to raise the pB ~ than s.o. Critical 

inspection should be m.·de of the economiser and feed lines at the neJCt 

shutdown including thickness measurements at selected points to ascertain 

its condition. 

The v.olues in T~ble 3, Appendix 3.1 are recommended as control 

paraueter:ior the boilers to lessen the risk of scaling on high beat 

transfer surfaces. These should be reviewed &fter 1-2 years operation. 

3.2 CheI:lical cleaning 

It would be standard practice °"cbangi.ng water chemistry e.g. 

softened to a.~ feed, to chemically clean a boiler to retiove any old 

deposits from one regime before ~ttempti~ to impose another to avoid 
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chokes and failures. The analysis in Table 2 .Appendix ).1 shova that 

some calcilDD and magnesium are still in the boiler. Thia fllAY be due to 

old deposits or a further penalty of overrunning tbe Iii Units. Exper­

ience is showing that failures occur in the top coil after li 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 localisen hocspot that still leads to excessive 

scale formation). l!o~ever, 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 recom::iended that chemical cleaning is carried out 

at the nerl shutdo'till in 1987. An outline method is given in Appendb: 3.2 

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

4. Aat1onia Plants 

4.1 ~emineralisution ~)lant on :-i.eform linit 

The :.;.,: l:lant ~·•.s bein; ru.."l b .;. .::fl::-.C:.uctivity end point of c.5 ¢3/cn 

e~it the ttl:ed bed unit. The original design ~ns for 720 !.J bet~een 

re~cner~tion£ (daily regeneration) but ~~CT personnel founc they could get 

3000 H3 before the conductivity varied. Tbeyren:tinely nm to 2000 H3 

tbroughf ut or the o. 5 pS /cm end point. 

The discussions in 3.1 are relevQJ1t to this plant as vell and were 

reiterated i.e. potential breakthrough of silicn and resultant scali~ of 

bent transfer surfaces. Silica analysis is not routinely cGl'ried out on 

the boilers and no study bns been carried out on this D~! :l:'la.nt so no 

conclusions could be drawn. ~ one-off c:.nalysis b~d shown 3 ppm Si02 in 

the boiler ~hicb is not wiaccep~ble. 

ta.2 Reform llunt - I'lue G£.s toiler (niB) 

This boiler bas gradually deterior~tcd in perfo~nce tbro~bout 

tbe life of the plunt, the design and attained te~per&tures bei~ shown 

in Table 1, .~ppendix q.2. The teneral water cbenistry o! tbe boiler ia 

shown in Table 2, ..\.ppendix q.2. 
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4fter discussion it was concluded that nothing fundamental appeared 

to be wrong in the water chemistry except that insufficient analysis was 

bei~ done to fully control and understand the boiler. It is recomnended 

that the suggestions in Table 3 ~Lppendix %.2 are followed for future 

recort!s. 

There is a need to clean the boiler as it looks as though it has 

gradually fouled over the years. This may be due to silica or iron oxides 

laid dolo'Il on line, or corrosion occuri.ng off-line. The only way to be 

certain it is to cut e tube out and section it althoush it is accepted that 

this would be very difficult to do ~nd is probably unjustified. The boiler 

is not a iifficult one to clean and lencis itself to mechanical or chemical 

gethods i.e. jetting or gas lift circulation with liCl and IIF• or other 

fluoride. See 6. The excess Jieak escaping this boiler is e~pensive energy 

and much of it should be recovered after cleani~ givi~ a direct payb<?.ck 

on the exercise. Chelaical cleanin.t; is recolill:llended as the prefereed technique. 

f. - ")~f •·1 t- ·, f r-:. T• "l {'-''''J) '*•) ~.., OI'1ll .: C.ll ;;.e on:: ui!S D01 er.i.Ail•> 

Problems have been experience~ on the gas side of this boiler 

necessitAting 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 nGB's the world over are usually the ones causing the 

most problem in siDGle stream azilDonia plants. In the absence of any 

detailed information it is recommended that the I:GB is controlled to the 

sC1.1De specification as the RiB. (Table 3, Appendix ~.2}. These are high 

for world RGB' s on lli water and cay need to be revieved in 1-2 years til:le. 

5. Cooling Systems 

5.1 Introduction 

The symptoms described by all the plants operating cooling systems 

vcre similar and discussion of all the details s~gest a common problem. 

Typical analyses of tbe ~onia synthesis and reform am::ionia plants 

cooli~ waters &re shown in Table 1 in .d.ppend~x 5.1. Analyses of deposits 

from beat exchangers ..re shown in Tables 2-j in .... ppendi:x 5.1. These values 
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were discllssed in connection with inspection of the 81111lonia vaporiser 

on the synthesis plant which was being wirebruahed and washed on 2~.11.86 

and the scrapped interstage cooler from the reform ammonia plant. 

5.2 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 Inuex) and 

requires corrosion inhibitors at all times to prevent damage. 

The anti-corrosion pro~r~e chosen of zinc:chromate:phosphate 

is the best one evailable but it ~as not beiDG controlled correctly and 

~as in fact probably mald.ng the situation worse rather than better. The 

underlying philo~ophy of the treatment needs to be understood to e~-plain 

such a statement. 

Chromate is an anodic inhibitor capable of e~cellent inhibition in 

neutral pH's at levels of 100 to 10000 PID• It works by laying down ~ 

insoluble film of ferric and chromic oxides. The higher levels are needed 

when pitting ions are present at high levels e.~. chlorides. The lower 

level of 100 ppn is required to ensure that thermodynamically iron 

(chrome VI) chromate is precipitated as the main reaction rather thon the 

reduction of chrome VI to chrome III with oxidation of iron to iron II 

or iron III thus causing corrosion, often as pits, rather than inhibiting 

it. Zinc is a cathodic inhibitor cQpable of excellent inhibition in 

neutral and acid pH's at levels of 1-10 pi:m soluble zinc. It works by 

being precipitated as a film of zinc hydroxide in the region of the 

cathodic reduction of oxygen. l'hosphates lt'ork in a combination of ways 

depentling on their concentration and molecular weight. Ortho-phos~hates 

act as anodic inhibitors at high concentration by producing iron phosphate 

films while polyphosphates are predominantly cathodic. ~olypbosphates 

react with di:valent cations e.g. Ca++, Zn++ to form positively charged 

colloidal particles which inhibit scale formation. These colloids migrate 

to cathodic areas where they builtl up a film which stifles the reaction 

and io inhibfts corrosion. 2-100 PJD as roz. 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 prograllllles 

with chromate levels of 20-30 ppn, zinc of 1-2 ppn and phosphate of lo-20 ppn 

are effective, relatively cheap and relatively easy to dispose of~the 

effluent treatment systems. However, should parts of the progrBllllle fail 

for any reason the synergism is lost and the "rules" of single inhibitors 

apply. For example, Table 1, Appendix 5.1 shows that in the W!lllonia plant 

there is negli~ible phosphate and no zinc at all. Under such conditions 

the 20 ppm CrO~ will act as a pitti~ agent and pr0C1ote corrosion further. 

No cathodic inhibition will occur and at the neutral to acid pll's in operation 

widespread corrosion will take place producin~ lar~e amounts of iron oxides 

and hydroxides. These will settle out as fouling sludges in low flow areas 

where they will build up as encrustations, hardening by oxidation and 

tlehydration. uccluding the metal surfaces will lead to reduction in heat 

transfer and differential aeration ~t the ~etal surface, initiating further 

electrochemical corrosion cells and so continui~ the cycle. The total 

absence of zinc indicates a demand at cathodic sites and to begin to break 

the above vicious circle this demand 1'1\1.St be cet. 

Huch discussion centred on the need for dosing phosphate in ~CT 

systems containing such low levels of calcium and alkalinity where scaling 

is not a problem but the danger of zinc precipitation ~ith ortho-phosphate 

could further ~eplete the soluble zinc. Hy experience has been that even 

at pil 6.5-7.5, with ortbo-phosphate upto 10 pp:n I have been able to 

maintain 1-2 pp:n soluble zinc in cooli~ waters ~n~ successfully control 

corrosion and scaling. Thus the recollll!lendations are to retain all three 

agents to give more insur~nce of maintaining the synergism. 

5.:; l~ecomendations for Coolin;; 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 have to diffuse 

through debris they may not arrive at the surface at a sufficient rate or 

concentration to inhi~it the reactions. 
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lni tially it is recol!lllended that dosing of polyphosphate, chromate 

and zinc is carried out once per shift in sufficient quantities to satiafy 

the solution requirements of each item. Th~ recommended control par•etere 

aree in Table 1, ..i.ppendix 5.3. 

The demand for zinc may be sta;;geringly high and continued ·shiftly 

addition may aprarently not satisfy it. Tiowever, provided the added zinc 

is being consumed by the cathodic sites it should continue to be added. 

It is to check that this is where the zinc is ~oi~ that a specification 

for soluble and total zinc is given. If t~e total is hi~h and soluble 

non-e~istant a zinc dispersant will be required but this can be reviewed 

at a future date. In most cases at pH 6.5-7.2 Do dispersant is required. 

Cnce the cathodic sites start to be inhibited the vhole corrosion 

process should slo~. llowever, debris will spall from the surfaces as 

passi;ve films are established both revealin~ fresh surfaces wlli.ch ~ill 

consume inhibitors and producin~ higher levels of suspended solids which 

could settle in other ureas exacerb~tin~ the problem ~e are trying to 

solve'. Specialised dispersants for iron are available eg from ~quapbarm, 

and their 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 the equipnent is in°:"advanced stage of tuberculation 

and ~orrosioD so more fouling and failures must be expected. To ~tly 

bring the equii;mient back to a ~ood condition it will be necessary to change 
I 

or cqemically clean key exchangers and interconnecting pipe vork and 

subsequently vi~orously maintain the chemical prograz!llle recommended. 
' The ~echanical cleaning being carried out on the ai:imonia vaporiser, while 

renoVin~ a lot of material, was not efficiently cleaning the tubes. They 

were ,left with deposit on them and in a roUf;h state. ~ven perfect water 

chemistry control would have difficulty in establisbin; a passive film and 
' 

minimising further fouli~ and corrosion on such tubes. Chemical cleaning 

or j~ttill{; at S-10000 psi is recommended. 

The deposit analyses in Table 3, Append.ix 5.1 shows that silt aDd 

organics are further significant components. With the coa:Ussioning of the 

new vater pretreatment plant not far away, DO proposals are made to deal 
specially with these materials as their ingress will be significantly reduced 

with: the new plant. 
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j.4 !-licrobiolo=;ical -is~1ects 

·'-l;ae are a minor )roolec and potentially some of the 

or6anics referred to above are bacterial in ori;in but otherwise 

only one ?roblem has been seen due to microoilo~ical activity 

antl t~at has been the bacterial oxidation of a;;::ionia to nitrite/ 

nitrate in the reform -~onia Plant leadin~ to si;nificantly 

re;lucetl pIT' s. The aiiJition of 50 ppm of ;:>roprietil.ry methylene­

bis-isothiocyanate every 1J days ap:1eurs to sol.-e this }roblem 

altho~h there are inJ.ic.i.tions t!l;!t foulin.~ (re:luced heat 

transfer) cay be worse wi b t:lis oetter controll Tai.Jle 3, 
• 

·"'?:'."lend.ix ::;.1 suows a::ialrses before and after biocide auJ.i tion 

w:~ich indicate less silt but :Jore iron, aluminium and or:;anics. 

It is believed that, at the hi;iler p::::, alu::ri.nium ancl 

iron ~ave ~reci~itated as ~yir3ted co~lexes rataer than 

-:-ire-tre.lt;Jent Pla:1t, -.:ill :te associateJ \·:it'll o~.-;a::iics. 

Jis?ersants ~ay be a~vantajeoas in ~ovin~ sue~ foul..:i.nts from 

the syste!l. 

3ide stream filtration is an effective manner for 

removin.'.; sus;1enled solids fro:n circulatin~ cool~ water 

(includin6 algae) and it is recom.:ended t:1at trials should be 

con~ucted :ith a ?Ossi'.Jle view to s:iecifyin;; a )TOCess design 

for use ::t .~..C'f. ~roved corrosion control and ~;ater qu<Lli ty 

fro::i t:1e :ire-tre .. t:-ient :'hnt shoald lessen the foulin.~ )ro!.>lems 

but dust in·:ress from t:1e •1t::aos:>:1ere will always re~ain. 

6. Che~ical CleaninG 

Che:nical cleanin~ is an integral ?art of ".::.ter technology 

r.ian.:ige;;1ent ,botil in terus of rectifyin;; ,,Tongs anJ also as a routine 

oaintena."'.lce' tec!mi~1ue a;;ai:lst tile inevi tai>le build up of foulants 

and corrosion fil::is. 
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In the context of the Udyo~a::!.ilndal installations it 

has been mentioned several times for different problems and 

it is reco:n::iended that F . .CT Personnel become trained in the use 

of the techniques. Such training is beyond the scope of this 

consultancy visit althou;;:1 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 recol!l!llended that a small team (two or three 

peo;ie) fro!:l the technical services are trained in Chemical 

Cleanlll.1 Teclmology and are always involved with the technical, 

planning and supervision as7lects of carrying out cleans. These 

;>eo::->le '~·on.11 ra:::-iidly become in-house er,>erts in the technolo.:;y 

and enable :-. .c·r to confide::itly ex;>loit the benefits. For example, 

arnroxi:.1ately 56 lakhs were s:)ent b:r ICI on· Cl.lct:iical cleanill~ in 

t'.1e last ye3.r waere paybac'.i.s in. ter::is of identifiable increase\! 

~ro.:.Uction (heat transfer efficiencyj and in~roved plant 

availability (reduced oata;e for re~airj were measured in hours 

or months rather than years. 

7. .\.nahtical Control 

?he evolution of the Uuyo~a::icmdal site has oeen com:.:ented 

u:)on showi.n::; tac increasel numbers and co.::i:,,lexity of Plants. In 
I 

concert ·.dtll this t:1ere is ::i !lecd. for i.nl:,rove~ a.nJ oor'e 

S0"'.1histicated anal:;tical tec'.mir1ues to !:lonitor an.:.1 con:trol ihe 

ne·.,rer n l:l.nts. i'his is es:1ec ially true on l:la!dn:; tlle s'tep c:1.ange 
' 

fro:n softe:ie<l water to J.·I water C:te:ristry, t:ie units o,f oaterfols 

that cause -iroble;:is chance from !':'.Jrl to ?:?b (10-6 to 10-9 :;ram :-ier 
' 

litre) an·-~ t,'.1e analysis o! de?osi ts beco::ie muc!l more ;.fe:Jan:J.in.r_; 

in terr..s of troubleshootin~. 
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The discussions were li.tlite..l on a number of occasions 

whenanalytical techniques were not ~vailaole or insuificently 

accurate to give the information req~ired. For exw:iple, 

with the water tecimology currently used by F.-\Cr at 

Uiyo~aaantlal, at least the followin_;; instrumental tecimiques 

should be available antl it is recor;cended that they are 

obtained. 

Na 

C'1, !-!~.' 

~lectrode/HV raeter 

.:lectroie/:.N I:1eter or .i.. .. * 

- -~to::::i.ic .-..'.:>sor;_>tion or --bission 

s. ."\.c!mowled..'l;e!'lents 

-~e reqaired 

0 - 1~ .±. J.1 

-X>\111 to 0.005 ?.7-

0.02 P'PJ:l 

r;le tecJ:J.ical discussions were !J.el:l wit!.i -.1erson11el from 

the l'ec!mical 3ervices Je:>artment .uL. ~ro·hction uni ts Wl~er 

the guiuence of the Chief 3u::>erinten~ent (i'echnical ~ervices 1 , 

::fr. P. Jama:~ris:man to whom I exten..;, :i~rticuLr t;1.._n~~s for 

~is ~ersonal help a.nu organisation of pri~ate comforts as 

well as technical requi~ements. 

Perso:mcl involved in the ciisc..rssions inclu:lctl: 

::r. 1'. Xanda!;:u::1ar, Hr. ~ochU.::rislmu.n, Hr. T.::' • .:i. Nair, 

.. r •. : • .;.G. Nayar, :·ir. Joiln ..Ja\is, .~r. Job Joseph and 

:rr. llemachand.ran. 
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Juty 

·.later 3ervices: 

.:;,ition 

.3oilers: 

Cooling: 

-~e 

Cile:;iic~l c'ontro l 

: lj : 

-0-

Produce ~y~~oGen by ?artial 

o~idation of ~apht~a. 

l.ne strea~ 

. .nion 

3 bar ste;;.. :. 

2 off cc:l.:lterc~r~e~t, induceJ 

U.raag;1t, o;:icn cvi:l.::-0orative sc~i~r;,ite 

~1ot well .ml col..: •.;ell • 

.Admiralty Jra.ss conde:1ser on 

turbo altcr:ia.tor. 

:,;one 
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'::ater 3ervices 

Cool~n;: 

8~1e::1ical control 

: 1% : 

0 k 0 

-~ir 

ProvLle 02 .:md N2 for site 

for o:dd.:ition of na::_Jnt~1a 

anJ nitro~en for -.::oonia 

1 ~ f.i co·.:.nterc-:irrent, ind.ucc.i 

lrai.!::: :t, 0:1e:i eva~·,or:itiv~ 

se·~r.te hot well .:.;L~ r '·' wel:i.. 

:fo bioci·ie 
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.Juty 

'.latar 3eI"\"ices 

Coolin,:;: 

fy:>C (ij 

(ii) 

.Jo.ity (i; 

lii; 

Che·:.iical control (i; 

(ii; 

.S-:iec i fica ti o:as 

Problems 

: 15 : 

. . 

. . 

. . 

:.Iydro;;en froc gasification and 

:\itro:;en fro!:l uxyge.11 Plant. 

~yntuesis ~'"Donia (ICI loo,sj 

80 + 1'10 te/l 

lJocc throu~h cascade systelllS. 

2 o:l:f cotL1t~rcurrent, ind.u.ccd. drau::;ht 

0:1en eva:_ior.itivc se:iarate l1ot well 

au.l col.:;. ·..:ell (returns ~re 0:1en caannels; • 

.'.::i;:.ionia converter effluent cool er 

Co;:r1ressor coolin;, inter coolers, 

~v~-:ior:itive = -'13 te/ll circulations = 1600 l·P/b 

= ~oc CF = 3 - '1 

l 1 oor Chenical control ; in;ress of ;le::iris to ret'1rll c:i.m.•els; 

}lud"".e :ic ·.osition; loss of ~c~•t tra:1sfer; -;:'rc~i.Jent cleanin.i; of 

intercooler b"7 takin:~ co;.;:-iressors oJi line (::iont~1ly). 3ee ,. 

oOo 
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A.,nr.ndi:z: 2.~ 

: 16 : 

ST~\?-1 m...~:?-l .-\Mt·lONU. PL..-4Vl' 

:?eed stock 

..>J.tj 

Co:ruissi<>ned 

;iater Services 

Napatha, air <l.Ild water 

?rouuce 150 te/d al!Jmonia 

1971 

Je~in. Sin~le strea.J filter: Sation .-mion cc.i systems 

.i.~sins 

Pinal q;1al i ty 

.uantity 

Joilers 

~> ressare 

C~e~ical Control 

Coolin'.:;: 

Tr.le 

.Alty 

Che~ical control 

rroble::is 

223 ~(i:?) 

< 0.5 p S/cm 

jO m3/h 

225/}"'F( ip) 

<0.2 ppm 5102 

~lue ~as boile1 ( see ap~enJix ~.2) 

.:e:roro -::as boilers 

Shift converter boiler 2.3 te/h 

35 bar 

::.I~·,ir•~zine .,.. :'risoJium I'hos1:1ate 

1 off cou.."l~erc:rrent; induced Jrau~~t, 

O)en eva~or~tive se~arate hot .lnu coltl well. 

Various exc:1angers in Plant • 

Chron~te, }hos~ilate anti zinc. 

3ioci ..:e; :~::?t;1ylene bis-isothiocyanate, 

jO :?•10 every 10 days. 

Circulution=1620 ::i3/h Ci .,, 
8°C .. = 

,.,-;';'t 
"'- = 3 - 3 

Poulin:; of boiler (see ~.2j 

Cooler failures; foalin~ a."11 loss of ile;.i.t tr;msfer ( 3ee j) 

oOo 

-------------------------------------------------------
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SUIP!IUiUC ACID P~-\<~S ( 2 OF.Ji 

Feed. stoc·: . . Sulphur 

Juty Produce 160 + 600 te/d Sul?huric ·~i. 'Gi~um) 

,/ater .::>errices 

Je!:lin: rwo strea.::i filter cation : .-i.nion CCii. system 

.;esi..ns 2'.:!5 N(ir>J 

<0.2 F s/cm 
·:ii;mtity 60 M3/h 

. 3 coil, natural circulation, flue ~as duct, . 
water in tube, waste heat boiler. 

15.a oar steac ~).6 te/h ~ 2oi. 0 c 

Cje~ical control 

Coolin;: 

l'y?e 

....uty 

Chc~ic~l Control 

Problems: 

. Hydrazine + Trisodiuo Phospaate . 

uncc through, casca4le systems 

: Cool $0
1 

gas before absorption 

: None 

Changed from softened water to demineralised ·:1hen uprated 

198~. 3oiler failures. ~peated failures since (3ee 3.1) 

oOo 
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--s>nendix 2.6 

iiater source 

. ~alysis 

Flow rate 

Filtration 

Chlorination 

.Jrin::in~: water: 

Source 

Treatment 

I 18 : 

. . River controlled by upstream 

damcing • 

: Appendix 2. 7 

JOOO m3/h . . 
. . 10 off 6ravit; filter. Fluted underhe 

with ..-.1 jcm. 

balls: -f• pebbles; gravel: sand. 

·,iater bac!iwash only on excess head 

of water. 

: Tull flow after filtration. 

. . Filtered water from :1retrc..,tucnt :>l:.."lt 

Li.me + ~lw:i dosed 

Sed.iaentation : Filtr~tion 

Chlorination. 
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Appendix 3.1 

.inalysis 

PhosI>hate as ro,. 
Silica as Si02 

Iron as li'e 

TJS mdl 
P -value mg:aco:;/l 
pII 

::Iydrazine 

~.no.lvsis 

Iron as Fe2C3 

Silica as Si02 

Calcium as Cao 
Hagne s iw:i as MgG 

Phos!):tate as Po,. 

Pi.'.rllre 2 

3oiler Feed 

20 - 50 P?JD 

%0 - 60 P.L'tl 

0.1 - o.it ppm 

ifOO-SOO P:ml 

10 - 30 ::t>:>m 

10.0 - 10.5 6.j-7.5 

0.2 

J -so.52 
11.68 
1.os 
1.~1.l 

2.~1 

l'I:C 
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.b".'lendix J.1 

• .\nalyte 3oiler Feed. 

20 

2 

Phosphate as PO% 

Silica as Si02 

Iron as ?e P.?~ c::::: 0.05 ppm 

l'JS as mg/l 35 -100 PPI!l 

9.5 - 10.5 pII 

* 

s.o 
0.1 

Iron will not be ""Jresent in sobtion at t::is p~~. E!e aliquot 

for this analysis should be ta~~en first fro:i the plant sa,m:Jle 

~3ich has been thoroughly shaken. 

+ I'hese i'i-;ures ass'l.L":le there is no colloi...:.al silica in t:!e :fee..:. 

"ater. If there is t!iese fi;-.ires still stanj as :::ia:.:i.r!la in the 

boiler - ColloLlal silica ·.rill be co:-itrolla'.Jle once fae new 

?retreat:ient ~l~t is co::cissioned. 

Al tnough the ::iaxi.!:%W:l recom:nended is 40 r>Po, t;1e no1"!:1.'.ll 

would. be e~ected to be in t:1c ra.n'.je of 2 - 10 p:-10 wi t'..l '.;oo.! 

.l! Pla.'lt O?eration. 

9.0 
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!!!??endix J.2 

1. 
"\ -· 
3. 

i'lan job t:1orou:;hly fro:n ·:r1e:iical, ~;i:leerin.:; c.1.I11 :ian.J.~e:aent. as:)eCt! 

3et-u? extern.al :>U!!r1iil;/tan:: syste:i to en;ible he:iti.n!s to 80°C 

<ml ~ll:Din.:; at r;~tes e=!uivalent to 1 to a :tlnir:nm. of 5 feet/ secon<~. 

I'lus:! to d.rain ..1.t rates eq:li"\""<:.lent to> 5 feet/ second. 

'i. wse 5,; :l/\f :IGl at 80°:; ,,it:.1 0.1, _;.o;iine ~13 iniiibitor. 

Circubte .1t a rate e<l'.l.ivulc::i.t to 1-3 r~et/secon2, witllou.t theat.iD.£;~ 

for a".lout 6 hours or unitl no f".irti1er incre"1se in iron c~nceatr..:.tio::l 

occurs in ;my one llou.r. .-:O:i-!:.inely tesc. e:fcctiveness of i.nilibitor 

by a flo.:.t test with steel wool oalls. If t:..ie concentration of 

iron re;;c:1es 1.3,; d~ the acid anJ start a;;ain. (~sure 

suf;icient aci:! + inhibitor ;.;.re availa~le for t;1is ile~·ore starti~J· 

5. _ ... :L: J.j : a::rnoniun biflaorile to t:ie acii a!J.~l circulate ior a 

6. _:efill ~1iti1 0.1 ~ ci 7-ric acid. -"i:ll°":lient te::i:'.)erature. :fo inhfoit.or. 

7. ::'b.s:~ to 1:rain at r .•tes eq·.1h· ..;.l~!lt to ;:::.5 !c.>et/ secon·:l. 
l>"1 

S. .::.Cfill '.~it:1 ~water -~~:1l ::e .. -.t to 60°..;. --;~:;. ·J.},~ citric aciU. 

an:l circ·1b.tc, ;iithO'.!t !1e=-tL11:; or in'.li?i":.o:: for one !lour. 

10. -~1-: J.j~ soliun nitrite an·i circ.tl;l:~\? for t• .. ;o :1ours. 

11. .·rn.in a-:i:! fhsll wit:1 X~ water unitl :iitrite free. 

1:;. _7ill ~.:ib C ~:atcr :bse.l ·.;lt:: - 5J i')O _.;:wonia (?:: ".>10.]) 

to corr:.• O'..?t ?ressure test if recr.1ire:1 ~::.J./or to store for U:l to 

sc•eral d.:i.~-s u .. 'ltil t:ie en.~ of the silut~o~.n. 
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I'able 1 

l'able - '.:! 

iable - .J 

·jas inlet 

Gas outlet 

·.-later 

.... .. . . ~ 

\f ...... , ... -~ -~ 
, , . , 

.:.nalvte 

p~: 

22 : 

l-1 - al'.ialini ty 

l':1os-::h~te as PC!1 

. ..nal·rte 

pTI 

~;:1os,2late as ?u.r. 
3ilica as 3i0.-, ... 
11 .. -. 
.- .).:J f!Jf',/l 

., - ' ........... 

Jesi.;n 

828 °C 

60 

30 

~ 

9 - 10 

20 - ~o p)O 

2 - 10 :>?l:l 

35 -n:; ::_:>)O 

100 

55 

.>.ttaincd 

775 - 800 °C 

350 - IiOO 0~ 

* oc 
~~\ 

f!an,'!e 

9 - 10 

ppm CaCO 3 
P.!,Jl!l 

PreouenC\" 

Shiftly 

Jaily-

..Jaily 

....iaily 
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-'-?.,...,endix 5.1 

·rable -1 

->n<llyte 

:::>!! 

.:.lkalini ty ppm CaC03 

C"!:iloride as Cl 

rotal ~:ardness ,, "'O ::>".llll ..,a., 3 

Ortho-?llos:,h:i te p;:->o :POi. 

Po ly-P!losry::i.a te P?m ?(:'* 

Chronate P?m CrOi. 
I. .,inc ppm Zn. 
Concentration Factor 

1'a~le - 2 

.inalyte 

: 23 : 

Si02 + • ..cid insolubles 

Cr203 

P04 

Fe203 

Synt~esis ;:>lant 

6.2 - 7.0 
20 

13 17 
70 130 

4 

2 

20 

?Ul 

3 - ,. 

2q.11.1986 

3 - It 
lj 

3 - It 

70 

.. le form P la.nt 

6.5 - 7.0 
21t 

15 24 

72 

5 
:Hl 

20 

:\il 

3 - 5 
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.1T:>pendix 5.1 

Table - 3 

"Uialyte 

Loss at 230 - j00°C 

Si02 + acid insolu~le 

;'e203 

-~1203 

Cr203 
CaO 

HgO 

so, 
P205 

Zn 

: 21t : 

Inter stageCooler+ Tower Dasin + 

% . .q>ril 1986 ~ .ipril 1986 

29.56 13.38 

16.0 5a.16 

29.98 10.58 

0.26 0.15 

5.12 4.12 

0.65 4.06 

i..25 3.12 

1.79 0.76 

~.98 3.2s 
NJ N:i 

ND = Not Jetermined 

·rower Basin * 
,; November 1986 

19.s 

25.2 

25.5 
13.77 

o.1i 
ND 

:;.'1 
N:> 

3.3 
NJ 

+ 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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Appendix 5.3 

rr/ 

' 25 ' 

..\nalyte 

pH 

cr0,. ppm 

Sol. Zinc ppm 

Total Zinc ppm 

M - P01t ppm 

0 - P04, ppm 

Ca ppm CaCOJ 

Concentration factor 

Level -
6.5 - 7.2 
20 - ;o 
1 - 2 

1 - 5 
10 - 20 

5 

50 - 500 

3 6 
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