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6. UNIDO-WORKSHOGP
ON FERTILIZER PLANT MAINTENANCE

19. September - 4. November 1983
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Proj. N*®. US/INT/83/085

Contract N°®. 83/57

Executing Agency:

Place of Training:

Period of Training:

Participants:

———

Repor‘c on Activities of

sixth UNIDO - WCrkshop

P

on Fertilizer Plant

Ma:mtenance |

E——

CHEMSERV CONSULTING GESE'LLSCHAFT MBH
CHEMIE LINZ AG, Linz, Austria
September 19 to November 4, 1983
Mr. Mochammad Aga RAHMATIAN

Mr. Zi-Xian XU

Mr. E1 Sayed M. OWIDAT

Mr. Hussein I. B. TAYEL

Mr. Dilip Kumar DAS

Mr. Wahyudi SUNARYO

Mr. Musa YAKUBU

Mr. Omar Ali MAMBOLEO

Mr. Leonard A. MASIMBA

Mr. Ali ACIKBAS

Mr. Noel Fred KAWANU
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CONSULTING GES M.B.H
UN-IT”E u‘;/:le/st 2. 1a;83 1110

Training Programme:

15% week: September 19 - September 23, 1983

General information about CHEMIE LINZ, Hostel, shopplng
facilities; ...

Slide report about CHEMIE LINZ products and plants; offi-
cial opening of the sixth UNIDO WORKSHOP on FERTILIZER
PLANT MAINTENANCE by CHEMIE LINZ board director Mr. Burger.
Introduction of department ATP (phosphat fertilizer!.
Activities in central workshop, department ATG (gas refor-
ming and water treatment) and electrical department.

Meeting with all instructors of workshop.

2 week: September 26 - September 30, 1983

Meeting with civil engineering department. Visit to shut-
down gypsum-sulghuric acid plant. Training in safety de-
partment and vicit of firefighting equipment manufacturer.
Study tour to electrical companies (Sep. 28, 1983). ¥eeting
with department MMV (stores) and instrument department,

Lecture "Fundamentals of Maintenance'.

3" week: October 3 - October 7, 1983

Introduction of department ATN (nitrate fertilizer). Study
tour to petrochemical plant at Vienna (Oct. 4, 1983).
Meeting with material testing department and introduction
of department ATH (ammonia-high pressure facilities).
Meeting with CHEMIE LINZ energy control department, meeting
with CHEMIE LINZ training institute.

Meeting with department BTH (urea-high pressure facilities).
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47 we2k: October 10 - October 14, 1983

The team was split up into several individual groups.

The training took place in the technical sections of the

ammonia plant (ATH), NPK-fertilizer plant TN and urea

plant (BTH); special instructions on central workshop,

instrument department, material testing department.

A study visit was arranged to a hydroelectric powersta-
. tion on the Danube (Oct. 9, 1983) and toheavy equipment

manufacturer at Kapfenberg/Styria (Oct. 11, 1983)

’

57 week: Octcber 17 - October 21, 1982

|
Activities were set in the technical sz=ction of ammonia l

plant (ATH), gas reforming and water treatment {(ATG) and
urea plant; electrical department {TEL). A study tour to
Beat-fertilizer plant at Blrmcos/Salzburg and iron and

steel manufacturer VOEST Alpine was arranged.

6™ week: October 24 - October 28, 1983

During this period lectures and practical work took place

. in the technical section of NPK-fertilizer plant (ATN) and
phosphat-fertilizer plant (ATP), electrical department (TEL)
and instrument departmer.t (TME). Lectures were given on
pollution control, cost control and budgeting. The works
council arranged a study tour to an Upper Austrian farm
(Oct. 28, 1983). Figers for consumption of fertilizers and
crop yield were provided.
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CONSLITING GESMBH. !

Emctamger Unser Zeicnen®) Bistt Tag ’
UNIDO LCS /He/ st 4 1983 11 10 ,
th '

7" week: October 31 - November 4, 1983

The final week was spent in the technical section of the

- rvem—

phosphat fertilizer plant and urea plant, instrument de-
partment and material testing department. On a study visit
the participants went to a manufacturer of pumps and tur-
bines.

Final meeting on November 4, 1983.
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- Project: UNIDO-Vorkshop

" RECOKD OF WORKING TIME
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Detailed financial statement for

allowances, lodging, etc.

Days :-K;dging i) Travel days LBX:JIDO Part
a 160,-/ ») 20 % of allow. of travelling
day z) d) e) full board cost
Mr. XU Zi-Xian 50 8 000,-- 27 037,24 400, --
® Mr. OWNIDAT E. S. M. 49 7 840,~- 27 037,24 409, -
Mr. TAYEL H. I. B. 49 7 840,-- 27 037,24 400, --
Mr. DAS D. K. 54 8 640,-— 28 918,12 400, --
Mr. SUNARYO W. 49 7 840,-- - 27 037,24 400, --
’ Mr. JAKUBJ M, ° 42 6 720,-- 25 852,24 400, --
//’ Mc. MAMBOLEO O. A. 50 8 000,—- 28 062,68 400, -
Mr. MASIMBA L. A. 50 8 000, -- 28 062,68 400, -~
Mr. ACIKBAS A. 50 8 000,— 27 037,24 400, --
Mr. KAWANU N. F. 48 7 680, 27 037,24 400, -~
Mr. RAHMATIAN M. A. 48 7 680,-- 27 037,24 400 ,--
¢ 539 S 86 240,-- S 300 156,40 S 4 4%0,--

’

Total amount for 1., 2. and 3. .,. - S 390 795,--
transfered amount S 399 487,--
amount to be transfered to UNIDO S 8 691,--




L

Detailed financial statement
for sixth UNINO-Workshop in Linz

1. An average of 5 CL-personnel were engayed for every

week of the period of training.

S personnel x 7 weeks x S 18 700,-- fee

2. 7 % administrative surcharge / telexes,

letters, visas, lost luggage, reports, TV rent,

procurement of retourn tickets, nelmets, goggles,

working clothes, jackets, gasmasks

3. wWorkshop documentation
4 500 Xerox copies ... S 2250,--
Translations German - English S 35 737,—

4. Subsidy to the cost of daily meals in CL-

canteen for menus for Moslems
Cost for meal =S 12,-- subsidy = S 48,--
360 neals x S 48,~--

5. Newspapers and spec. literatur

Herald Tribune, Gardian, New Statesmann,
Code of Practice for Industry

6. Study visits and social activities
bus fares S 27 587,--, Exibition tickets § 2 065,—

7. Special dinners and presents, approx.

8. Transportation costs

Public transport:

33 weekly tickets a S 85,--
11 monthly tickets a S 320,--

airport to accommodation and retourn

9. Fotas and albums

5 300,-- - 4 400,-- Unido part

total

fee for workshop
ocontribution in kind

S 654 500,--
S 45 815,—
S 38 007,--
S 17 280,—
S 6 866,—
S 29 652,--
S 20 000,--
s 6 305,--
S 900 ,--
s  3792,--
s 823 117,--
S 630 000,--
s 193 117,--
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CONSULT/N G GES.MB. H
Postanschnit des Absenders
CHEMIE LINI AG. Postfach 296, A4021 Linz. Austna
Mr. Mohammad Aga RAHMATIAN Lin (6732: 29} Durchwahi
Orantanschnh (Telegrams)
f Lon Chemie Linz

Femschreiber (Telex) 02 1324
Ministry of Mines and

Industries Kabul

Afghanistan
0Ol ANt e Unser 2eicheny) Hessonbt LinazSsremaSSuade 25
LCS/He/Wh 2236 1983 10 18
Sarat Bpsrodan:

Chemserv Consulting GesmbH has provided the above stated work-
shop participant with the following allowances and subsidies:

a) A daily subsistence allowance for
4 travel days of A.S. 1413,60 per-day ... A.S. 5.654,40

b) 20 % of daily subsistence allowance rate
as pocket money A.S. 282,72 per day x

‘7 days 2 © 0 0 00 000 0" 0O GO0 OO O OSSP EOBESSSNSS A‘s‘ 13.287'8‘

c) Full board for 7 weeks Monday to
Friday' AoSo 145.-- per day ss60 00000 es e A.S. 5-075,--

3) ¢ weekends, A.S. 230,-- per da¥ ..e0..... A.S. .76 ~-

e) 2 hOlidaYﬁ (add)p A.So 1301-- @0 @0 etsocs e A.S. 260,"-

Total A.S. 27.037,24

yis accomodation at A.S. 160,-~ per day was also financad by

rnicdo.

-The participant confirms that he has received the above

stated amount: ' R

(Rahmatiéh)

e N H AN
o esetlonhen aniLhrea’ Adthy




CONSUITING GESMBH

Pastanscnr® des Apsenders
CHEM.ELINZ AG. Posttach 296, A4021 Linz, Austna

Fernrut i Te.ephone

Mr. Leonard A. MASIMBA Lz 9732 99" Durcrwan:

OrantanschrttiTeiegrams)
Chemie Linz

from Fernachreiber (Taiex) 02 1324

Tanzania Fertilizer Co.

Tanga
Tanzania
thr Zeschen inre Nachncht vom Unser Zeichen®) Hausrut Linz. St -Peter-Strafie 25
LCS/He/Wh 2236 1983 11 04
Arrival in Linz: 1983 09 18
Batreft Bearbeiter

Departure : 1983 11 07 Mr. Herzog

Chenmserv Consulting GesmbH has provided the above stated work-
shop participant with the following allowances and subsidies:

a) A daily subsistence allowance for

4 travel days of A.S. 1413,60 per day .... A.S5. 5.654,40
b) 20 % of daily subsistence allowance rate

as pocket money A.S. 282,72 per day x

49 AAYS ceceervncccvrcnnnccnna ceersevesveee 13.853,28
c¢) Full board for 7 weeks Monday to

Friday, A.S. 145,-- per day ..cececenceceeo " 5.075,--
d) 7 weekends, A.S. 230,-- per day .....e.... " 3.220,--
e) 2 holidays (add), A.S. 130,-- ...vveveees. " 260,--

Total A.S5. 28.062,68

His accomcdation at A.S. 160,-- per day was also financed by

tnido.

The participant confirms that he has received the above

stated amount:

- (Masimba) -
.q . E
! \ N [
oo AV
\ \
EREREE ) ten
De s wa e Menart tren: At1/17




LCS)He/Wh

1983 11 04

I confirm having received from CHEMSERV CONSULTING the
following amount for the weekend before homeflight:

1 weekend, A.S. 230,-- per day ..¢c...... A.S. 460,--
Pocket money for 2 days &
A.s. 282'72 per day ® 009000 G009 00 0o o0 s " " 565'44

TOtal AoSo 1-025'--

4 ’-'

( A T
Mr. MASIMBA e A

#’I’MLEO— ® @00 0000000000V e0se
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CONSULTING GES M B H
Posian scnnn aes Absenders
CHEM'E LUNZAG. Posttach 296. A-4021 Linz. Austna
Mr. Ali ACIKBAS Cne 10,7321 581 Durcmwan
. Drahtanschn't \Telegrams)
Chemie Linz
from Femnschreder (Telex) 02 1324
Istanbul Gibre Sanayii AS
Kocaeli
Turkey
35N Sowdiashagh o Unser 2uchon) Hesoeb! LinazSEIReweS 50088 25
LCS/He/Wh 2236 1983 10 18
‘ Pt Bgedrodenr

Chexserv Consulting GesmbH has provided the above stated work-
shop participant with the following allowances and subsidies:

a) A daily subsistence allowance for
4 travel days of A.S. 1413,60 per-day ... A.S. 5.654,40

b) 20 §& of daily subsistence allowance rate
as pocket money A.S. 282,72 per day x

‘7 days 0 800 G060 0GP 600 OSSP CI OSSO0 DSSNSDS A.s. 13.287'8‘

¢) Full board for 7 weeks Monday to
" F!iday, A-So 1‘5'-- per day sessee00000s0 00 A.S. 5.0751--

2' I weekends, A.S. 230,-- per day ceeseses A.S. AT o

e) 2 holidays (add)‘ A.s. 130'-- ® 0000t s 000 0 AcS. 260,-‘

Total A.S. 27.037,2¢

His accomodation at A.S. 160,-- per day was also financed by
Znido.

-The participant confirms that he has received the above
stated amount: '

(Acikbas) ' -

L P R Y

T deveciegar ACTVEMION' M rpn A1
. - '
e . ases lemae) aniLhres An}"
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CONSULTING GESM.B.-H
Postanschnft des Atsenders
CHEMIE LINZ AG, Posttach 296. A-40Z1 Linz. Austria
Fernry! i T..lephone)
Mr. Noel Fred KAWANU _ B o et
Chem:e Linz
from Fernschre:ber (Teiex) 02 1324
Nitrogen Chemicals of Zambia Ltd.
Kafue
Zambia
6B THcoRen W Aachachl von Unser Zeschen ) Hémsonb! LtezSEiIRPueS5wese 25
LCS/He/¥Wh 2236 1983 10 18
Shoiealt Efemvdder

Cherserv Consulting GesmbH has provided the above stated work-
shop participant with the following allowances and subsidies:

a) A daily subsistence allowance for
4 travel days of A.S. 1413,60 per-day ... A.8. 5.654,40

b) 20 ¢t of daily subsistence allowance rate
as pocket money A.S. 282,72 per day x

47 days ® © 2 0000060 0 OO ® SO0 G PSP OO OO0 OeOEPSSSES A.s' 13.287'84

¢c) Full board for 7 weeks Monday to
Friday, A.S. 145.-- per day secse00Ccooss e A.S. 5.075,--

:.:.) < t'ce'hends' A.S. 230‘-- per day eecescces A.S. 2,757 -~

e) 2 hOlid&Yﬂ (add)’ A.s. 130'-- s 000 ele oo o0 A.S. 260,-‘

Total A.S. 27.037,24

His accomodation at A.S. 160,-- per day was also financed by

nico.

-The participant confirms that he has received the above
stated amount: '

. "'
I 4
fr L Lo
(Kawanq),,,_ —
Tode ezt mran —
R TRy EL L, T TP .
T e e N arnluAren ' AA'_"{"7
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CONSULTING GES.M.B.H.
Posianschnft des Absenders
CMEME LNZ AG. Postiech 296. A-4021 Linz, Austria
P Fernn t iTe.eghore’
Mr. Linz13732) 59 Ourchwahi
. Drahtanschn?t Te'egrams)
Zi‘Xian XU Chemie Linz

Fernschraber Telex) 02 1324

from
Sichuan Chemical Plant
Cheng Du, PR. China

PEREE g Ndahnght vom Unsar Jueheny Hao sobet LASEFoumESaies 25
LCS/He/Wh 2236 1983 10 18
@ S Boainine:

Chemserv Consulting GesmbH has provided the above stated work-
shop participant with the following 2llowances and subsidies:

K4 a) A daily subsistence allowance for
/ 4 travel days of A.S. 1413,60 per-day ... A.8. 5.654,40

b) 20 & of daily subsistence allowance rate
as pocket money A.S. 282,72 per day x

‘7 days '..............l................. A.s. 13.287'84

c) Full board for 7 weeks Monday to
. Friday, AoSo 1‘5'-- pet day PP Y R A-s. 5.075'--

i, z weekends, A.S. 230,-- per day ......... A.S. 2.7€0 --

e) 2 h°11days (‘dd)' Als. 130'-- ® 0 0O oFe 00 & s A.s. 260'--

Total A.S. 27.037,24

ZEZXTEEEEEEERBEIS===SIS

His accomodation at A.S. 160,-- per day was also financed by

Lnico.

_The participant confirms that he has received the above

stated amount: | f/zéd Jg

) (Zi-Xian XU)

G e p ity e Rran
TR P NN - an
- 4 e leneh o ' hren’ ! Ai“i}!’
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CONSULTING GES .M. B H

Postanschrft ges Absancers
CrEMIE LN AG. Posttach 296, A-4021 Linz. Austne

Fernri't (Teleohone)

Mr. El1 Sayed M. OWIDAT Linz (0732) 591 Durchwahl
Drahtanschntt (Telagrams)
Chemie Linz

from Femacnreber (Teiex) 021324

Fertilizer & Chemical Ind.

Talkha
Egypt
AL W ASMGN ol Uneer doheny Handanbt LnALSEtPomeE B0ied 25
LCS,/He/Wh 2236 1983 10 18
‘ v Egadruner

Cnemserv Consulting GesmbH has provided the above stated work-
shop participant with the following allowances and subsidies:

’ a) A daily subsistence allowance for
/ 4 travel days of A.S. 1413,60 per-day ... A.8. 5.654,40

b) 20 &% of daily subsistence allowance rate
as pocket money A.S. 282,72 per day x

47 days P P E L e 8 0000000000000 00000800000ca0008 A.S. 13.287,84

c) Full board for 7 weeks Monday to
‘ Friday, A.S. 1‘5,'- per day essseevoeevee A.S. 50075,--

3: 5 weekends, A.S. 230,-- per 43y .eecce.... A.S. 2.767,--

e) 2 hOlidaY' (Add). AOSO 130,-- ® 0 66 0% ¢ 49 0 A.S. 260,--

Total A.S. 27.037,24

AESECESEESSESEIII=SSTSRE

His accomodation at A.S. 160,-- per day was also financed by

tnaico.

-The participant confirms that he has received the above
stated amount: '

! (Owidat)

L TR

° N'-f\-:.\-» '\uNp\ neant

S e e e e -~ AQuir
Makhiy d ARy




CINECINa.

Postanschrit des Absenders
CHEMIE LINZ AG. Postfach 296, A-4021 Linz. Austna

CONSULTING GES M B H

Mr. Hussein I. B. TAYEL
from
Abu Qir, Fertilizer & Chem. Ind.

aAlexandria

Femrul (Telephone)

Linz {0732) 591 Durchwahi
Drahtanschnit (Telegrams)
Chem:e Linz

Fernschraibar (Teiax) 02 1324

Egypt

S Spehar R RASRHERL sl DRI JUcheny Hepawlt LOAISE:PorenbBaied 25
LCS/He/Wh 2236 1983 10 18

S Baditiner

Chexserv Consulting GesmbH has provided the above stated work-

shop participant with the following allowances and subsidies: ;

a) A daily subsistence allowance

4 travel days of A.S. 1413,60 per-day ... A.S. 5.654,40

b) 20 % of daily subsistence allowance rate

as pocket money A.S. 282,72 per day x
‘7 days o..o......-.oo.ol‘o..........l... A.so 13.287,84

c) Full board for 7 weeks Monday ta

Friday' A.S. 1‘5'-- per day EEE R N A.S. 5-075,--

(&3
-
o

N

e)

. weekends, A.S. 230,-- per day ese.s.e..0 A.S. 2.7€0,-~

haliday' (add). A.s. 1301-- @000 efacos o A.S. 260,"

Total A.S. 27.037,24

ESEXTEREEREREEBEEIIZI=SSFEZ=

tis accomodation at A.S. 160,-- per day was also financed by

tnido.

-The participant confirms that he has received the above

stated amount:

* e Rran
N b«ocmﬁxmw
FREEURCTY PN S ] d"\.‘M

(Tayel)‘

*A'tiAr




CONSULTING GES.M.B.H.
Postansihr- des Absenders
CHEM:E LU'NZ AG Posttach 296, A-4021 Linz, Austna
Fernry! xTL‘leD-:’Oﬂe;
Mr. Dilip Kumar DAS Drantarscnrtt  Talagrams,
Chem:e Linz
f ron Femschraiber (Telex) 021324
Hindustan Fertilizer Corp.
Durgapur
India
inr Zeicher ihre Nachncht vom Unser Zerchen®) Hausrut Lirz. St -Perer-Strade 25
LCS/He/Wh 2236 1983 10 18
Arrival in Linz: 1983 09 16
. Betrett Bearpbeter
Departure to Fr.:1983 11 09 Hr. Herzog

Chemserv Consulting GesmbH has provided the above stated work-
shop participant with the following allowances and subsidies:
a) A daily subsistence allowance for

4 travel days of A.S. 1413,60 per day ... A.S. 5.654,40
b) 20 § of daily subsistence allowance rate

as pocket money A.S. 282,72 per day x

51 days .ceeeecces ceecesssataane cececsene 14.418,72
c) Full board for 7 weeks Monday to
Friday, A.S. 145,-- per day .cccececceccees 5.075,—--
+ 2 days @ A.S. 145,== teiiecenecroneneas 290 ,--
. d) 7 weekends, A.S. 230,-- per day «..... ees " 3.220,--
e) 2 holidays (add), A.S. 130,-- ...ceveee.s 260,--

Total A.S. 28.918,12

His accomodation at A.S. 160,-- per day was also financed by

Unido.

The participant confirms that he has received the above
stated amount:

-

(Dilip Kumar DAs) =/ ‘%

........

A7
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1983 11 04

I confirm having received from CHEMSERV CONSULTING the
following amount for the exceeding days of the workshop
(one weekend + 2 days)

Full board 4 S.S. 1457- per day ceevees A.S. 290,--

1 weekend & A.S. 230,- " T iceasnsecss " " 460,--
Pocket money for 4 days

3 A.S. 282,72 per Aay ccceccessccassseses " 1130,88

Total A.5.1.850,88
-l e ——(1)/)

(Dilip Kumar DAS) -/ ./:3

o 4
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CONSULTING GES.M.B.H.
Postarsch it des Absenders
CHEM £ LINZ AG. Postiach 296 A-4021 Linz. Austria
Fernry! (Teiephone)
Mr. Wahyudi SUNARYO Drantanscanti\Teregrams)
Chemie Lin.
from chschro-blor (Taiox) 02 1324
P.T. Pupuk Sriwidjaja (Pusri)
Palembang
Indcnesia
R Zacohen S Alashachi vem Unaer Duchan™ Hassoalt LinazsSRAmeS8aida 25
LCS/He/Wh 2236 1983 10 18
@ Sosaw ;

Chemserv Consulting GesmbH has provided the above stated work-
shcp participant with the following allowances and subsidies:

a) A daily subsistence allowance for
4 travel days of A.S. 1413,60 per-day ... A.S. 5.654,40

b) 20 % of daily subsistence allowance rate
as pocket money A.S. 282,72 per day x

47 days €060 060000680000 06000 006000000000 ¢scoor A.s. 13-287,84

¢c) Full board for 7 weeks Monday to

. Friday; AISQ 1‘5,"' per day esessensseseoe A.S. 5-075,--
& I weakeads, X,S. 230,-- per day ceeeceen. H.S. Z.TE7 =<

e) 2 hOlid&Yl (add)' A.S. 1300-- e 00 0fens s e A.S. 260,--

Total A.S. 27.037,24

EEESEEEESSEEZIXS=EEE

His accomodation at A.S. 160,-- per day was also financed by

~nLco.

-The participant confirms that hes haa received the above
stated amount: ‘/7 .

I(I o
;r/)/ /‘-3//‘;’/
i e

' {Suharyo)

T M eCieLM NIMIQN ~ran'
LTe a b ew hen 4n T RN Al‘i{f’q
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CONSULTING GES.M.BH.

Postanschnft des Abserders
CHEMIE LINZ AG. Posttach 296. A-4021 Linz. Austria

Fernruf (Telephone)
Linz (0 732) 591 Durchwahl
Drahtanschnft (Telegrams)

Mr. MUSA JAKUBU Chemie Linz

Fernschraiber {Telex) 02 1324

from

Nigeria

ihr Zechen Ihre Nachncht vom Unser Zeichen®) Hausruf Linz. St -Peter-StraBe 25
LCS/He/Wh 2236 1983 10 20

Bet-ert Bearbeiter

Chemserv Consulting GesmbH has provided the above stated work-
shop participant with the following allowances and subsidies:

a) A daily subsistence allowance for
4 travel days of A.S. 1413,50 per day ... A.S. 5.654,40

b) 20 % of daily subsistence allowance rate
as pocket money A.S. 282,72 per day x

47 days YN EEEEREEEEEE NI B S IR I I I R I " 13.287,84

c) Full board for 6 weeks Monday to

Friday, A.S. 145,-- per day ..eeceecccses " 4.350,--
d) 5 weekerls, A.S. 230,-- per day ........ " 2.300,--
e) 2 holidays (add), A.S. 130,-- per day ... " 260,--

Total A.S. 25.852,24

His accomodation at A.S. 160,-- per day was also financed by
Unido.

ghe participant confirms that he has received the above
stated amount:

-

' s .
R

(Mr 7 Musa JAKUBU)

Fan =t rrent

ANy

| ‘



CONSULTING GES.M.B.H

Postansinrh des Absenders
THEME LINZ AG. Posttach 296 A-4021 Linz. Austna

FernrytiTe:iephone)

Linz «J7$2) 591 Durchwahl
Mr. Omar Ali MAMBOLEO BT822 an
Chemie Linz
from Fernschro:ber (Telex) 021324

Tanzania Fertilizer Co.

Tanga
Tanzania
ihr Zeichen ihre Nachncht vom ‘Jnser Zeichen®) Mausrut L.nz St -Peter-Straile 25
LCS/He/Wh 2236 1983 11 04
. seven Arrival in Linz: 1983 09 18 Bearverer
Departure : 1983 11 07 Mr. Herzog

Chemserv Consulting GesmbH has provided the above stated work-

shop participant with the following allowances and subsidies:

/ a) A daily subsistence allowance for
4 travel days of A.S. 1413,60 per dav .... A.S. 5.654,40
b) 20 % of daily subsistence allowance rate
as pocxet money A.S. 282,72 per day x
49 3ayS .c.ee.. Ceececsesescsessaanenanas ceas " 13.853,28
c) Full board for 7 weeks Monday to

Friday’ A.S. 145,-- per day e esmcecon s " 5.075,—-
. d) 7 weeckends, A.S. 230,-- per day ........ " 3.220,--
e) 2 hOlidays (add) ’ A.s' 130’-- e 00 es e s " 260,—-

Total A.S. 238.062,68

His accomodation at A.S. 160,-- per day was also financed by

Unido.

The participant confirms that he has received the above

o ‘KQ'
(Mampolgb)
¥
[

stated amount:

e gt Reen! A1117




LCS)He/Wh

1983 11 04

I confirm having received from CHEMSERV CONSULTINC the

following amount for the weekend before homeflight:

1 weekend, A.S. 230,-- per day ......... A.S. 460,--
Pocket money for 2 days &
A.S. 282'72 per day ™2 e 0 00 00D BSOS PE SN LI " " 565,44

/// // |

*rﬁm o.-.cl--.‘o‘,,/.o oo.‘cacc..
Mr. MAMBOLEO 7‘;‘/
. N

VL




clhannserv

CONSULTING GES.M.BH.

HISTRORICAL DEVELOPMENT OF

CHEMTIE LINZ AG

Start of erection work in 1940, heaping up the area near the
Danub2 for 2 - 4 meters with gravel from the port.
’ Quastion of locatinn: the new plant was situated next door to

VOEST because there was a surplus of coke oven gas.

The oriqginal name of our company was "Oesterreichische Stick-
' stoffwerke AG" (translated: Austrian Nitrogen Plants Ltd.).
Initially only nitrogen fertilizers were produced. This old
name was too complicated and too long for international use.

So we changed it to "CHEMIE LINZ AG" some years ago.

Original laynut of our facilities:

l1st extension step: 50 000 t N

2nd extension step: 100 000 t N
‘ . Start of production - Primary N: October 1942
. CAN ¢ March 1943

In the year 1944 we had reached a production of 55 000 t

nrimary N.




dhernserv

CONSULTING GES.M.BH.

Purina the second world war our plant was hit by 800 bombs.
From May 1945 to July 1946 production partly stood still due
to 1amije and shortage of power.

In 1948 the former production level was reached again. .
It wis boosted strongly in the following years.

1957 1967 1977
Production of

orimary M: 164 000 t/a 275 000 t/a 466 000 t/a |

y The number of different products increased during the same
' time from 200 to 1300.

The most impnortant results of our chemical-technical investi-

|
gations you will find in the CHEMIE LINZ Know-How brochure. l




Shenmserv

CONSULTING GES M.BH,

The most siqgnificant erections:
1939 Foundation of the enterprise "Osterreichische

Stickstoffwerke AG" with a target of 50 000 t N

per Aannum.

1943 Start-up as an enterprise producing only nitroge- .

nous fertilizers.
‘ 1944/45 800 bomb hits, closing of the plant

1945/46 Reconstruction, installation of the departments

investigation, development, sales and training.

1948 Foundation of pharmaceutical division and con-

tinuous extension of all plants.

1953 Foundation of the production line for plant prote-

ctive agents.

1954 Start of the plants "Gypsum Sulphuric Acid" and
. SSP.
1960 Start of organic production facilities (prenlas-

tics and plastics).

1975 Erection of the plant at Enns (acrylonitrile).
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Central engineerina, electrical department
Plannina of electrical equipment of new Chemie Linz
plants,

electrical maintenance, balancing of rotors

Central engineerina, instrument department
Planning of instrumentation systems,

w2ighing systems, maintenance and repair .

Crntral engineering, material testing department
Recommendations concerning material selection for new
and existing plants, checking of welding seams,

corrosion test,...

You will have also the opportunity to visit the following

denartments for a short time:

T38W

us

TKB

Central engineering, civil department
Planning of new buildings and maintenance of buil-
dinas, streets, rails, sewerage. Insulation and pain-

ting group.

Safoty department
Safe~tv instructicns, reaistration of accidents, fire

brigade, safety kit (masks, filters, respirators,...)

Central engineering, design
Coordination of all investments (new plants), impro-
vements in existing plants together with produc-

tion- and maintenance departments, working out of

drawings and investment programs.




(]
13
™

MMV

PAW

Ghemserv

CONSULTING GES.M.BH

(CHEMSERV COMNSULTIMNG)-a 100% subsidiary of Chemie
Linz A5G
Centril planning licenses

Licens2s and know-how from Chemie Linz AG
Discussion with members of the works council

Central division M (procurement)

Stor~s, computer system

Central Adivision P (personnel), training school

Trainina of apprentices, workers and employees in

lectures and courses.
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MECHANTICAL JOBS FOR OPERATORS

Durinag start-un of a new plant we normally have some mainte-
nance personnel in shift (1 or 2 shift fitters). If the plant
1s in continuous operation there is no maintenance nersonnel
in shift. For the comnlete plant of Chemie Linz only in two
denartments (ATN and ATP) each one shift fitter is working.
For examole the single train ammonia plant, water treatment
and 21s0 urea plant don' t have a shift fitter.If there is a
fault the operating people (production) can call the stand-by

service (on call service).

For every production department

1 chemical engineer or production foreman.

Fcr every maintenance department
1 mechanical engineer or maintenance foreman and
2 fitters with good knowledge of the plant are on
call for the time of one week after the normal wor-

king time and during weekend.

A fow y21rs aqgo an apprenticeship scheme for chemical plant
onarators was launched in Austria. After the normal education
at school (normal age is 15 years) a youna person can jnin o.
a. Chemie Linz and can learn this profession for 3 years.
During this apnrenticeshio at school, workshops and different
plants the person becomes familiar with small maintenance
jobs. Therefore in Chemie Linz the operators are allowed to
©arry out certain maintenance jobs under supervision of the

nroduction foreman and on the production department'’s respon-

sibility.
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Maintenance jobs allowed for operators are listed below:

fechanical jobs allowed for operators in department ...

After order and instruction by the shift foreman the following
iobs are performed by production side after relevant quidance
by the maintenance side in the units later mentioned.

R2side general precautions, the following particular safety

1nstructions have to be considered:

Pines and pumpbs are to be denressurized and drained, hand
wheels of valvas - if required - are to be 1locked, blinds
have to be installed, switches for motors are to be locked or
fus~s are to be removed by the electrical Aecpartment. For jobs

with 2aqressive media the common safety means (e. g.: goggles,

nrote~tive suits, rubber boots, gqloves, etc.) have to be used.
Flight devices or masks are to be kept ready, also water in
form of a flexible water tube. If NO, S02, CO/fCO2 or other
danaqerous gases excape, the workXing area has to be left imme-
diately.

In orincipl2 all jobs are to be carried out in such a way that

neither the worker nor his sucrounding will be endangered.

For 11! dobs for which a work permit was required up till now

A work mermit is also necessary in future (see safety instruc-

tion no. 6 - maintenance jobs in the plant).
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General instructions for all jobs

1. Do not use wrench extensions to tighten screws.
2. Tighten nuts or flanges and 1lids crosswise and uniformly.
3. Clean sealing surfaces hefore installation of new gaskets.
Trzatment of agaskets before use:
for steam, cold water, hot water, air, sulphuric acid, lye:
mixture cranhite+ oil;
for nitric acid, NPK slurry, armonia:
. silicon grease
4. Only use undamaged bolts of sufficient length in the
required qual&ty and use undamaged nuts. Grease before use.
5. In the case of chanaing armatures pay attention to
material pressure range and flow (arrow).
6. Th2 general allowance to fulfill maintenance jobs is li-
Y mited by normal pressure 10.
7. Welding jobs are not allowed.
8. To cre~t scaffolds higher than 1.5 m is not allowed (call

scaffolders).

5asket miterials to be used

. Steam, water, condensate, cold gases, Klingerit 400 UNIVERSAL
comoressed air, lyes (blue) or Klingerit red
Phosnhoric acid Rubber reinforced by fabric
Nitric acid Klingerit 400 or

Klingerit Acidit

Sulohuric acid 99% Klingerit red or Teflon
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Sulphuric acid below 76%, H2SiFé Klingerit Acidit or

Klingerit red

Jils, coating agents Klingerit oilit or

Klingerit red

Reside the already mentioned general jcbs for every unit of

th2 devartment particular jobs are listed up which are also

allowed to be performed by production personnel:

Some examples:
Bagging and shippina (unit 629)

Greasinag of vehicles (dumpers, fork lifts,

wheel loaders) wowp

Bag w2ldina machines: Turn or change of razor blades
Clean the filters of the vacuum pump
Equalize felt disk
Clean preheater and pre-pressing device (grease with
silicon oil) WOWP ‘
Ronlace tubhes

. Cheock and clean cooling water filters "

Adiust ammeter for heater

Leriina of accus WOWP

Central raw material storage (unit 631)

Chanae armour plates on conveyor chutes WWP
Penmair small defects cn belts WWP
Chanae shear holts on reclaimers Wowp
Replace qrease nipples and grease tubes Wwp
Cl2an o0il pneumatic hammers WOWP

Replace rubber aprons and belt cleaners WWP
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TYPE OF JOB REXMARK

3+3vina alands oan valves anA Tight=?n screws ~2qually. Lan-

purns un o P10, small jobs tern rings should not tonu~h
. on steam, condensate and warm the shaft. Re sure that all

wator lines up to 7 bar. screws are in good condi-

tion. "Klinger" valves are

allowed to seal only in

/ closed nosition. (with work
' permit)
/
Remedy loakages on armatures Pay attention to general
{e.a.al1nis, flanaes of pipes) precautions, be sur~2 that
immediately 1fter depressuri- pimes are empty, w=ar pro-
zina ~nd rainanae, tertive clothes (with work
l
parmit).

Chanainag small valves and Ar-
—.+tur..aefl s, q,~anlsnsate traps)
un to MNP IN0 And up "o an

ornraising nressure of 10 bhar.

Connsctinn and Adisconnection Use tubes only if clamps are
of flexihle tubes for compre-— mounted. Pay attention that
ssiair, oil, water, acid as the right tube couplinqgs and
woll 3as mountina of clamps reliable clamps are used

(without work permit).




Sctting and removal of small
n1inds (without qroove) as
well 2s connection and dis-
connaction of corresponding

pives,
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Pay attention to general
precautions, depressurize
and drain the pipes, use
protective clothes. If elec-
trical connections of =zar-
things are to be disconnec-
ted inform electrical Ade-
nartment before startinag the

job (with work permit)

Onening of lids for cleaning
of vessels, hoppers, pipes
ani chutes.

Provisiconal sealing of steam,
condensate, arid and water

ninecs by means of clamps.

Use required protective

clothes (with work permit).

Connect and disconnect oil,
acid and other waqons or tan-
k2rs without using threaded

clamps.

Pay attention to safety
instruction no. 23 - loading
of wagons - and no. 23 -
safety in the field of
shunting (without work

permit).

Refill ani adjust drop-oilers
as well as checking existing
central-lubrication devices
for functioning.

Refilling grease pots.

Use only non-contaminated
qrease of prescribed type.

Exception: central
lubrication of filter in NPK
plant will be maintained by

the maintenarnce personnel

(with work permit).




Take care for all points to
ho lubricated 2, g. nipples,
grease hoxes, oil droppers
{orn ~omorassors). Excention:
a1l closed 1lubrication sy-

stems (goar boxes, ... )
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Consulting lubrication

chart. Excention: grease
nipples and grease boxes in
NPK plant (without work pesr-

mit).

.

Help for lubrication of run-
ning pan-conveyors by means

of a mctor-qrease-press.

One man stands in visuail
contact with the greasei on

the emergency switch c¥ the

conveyor (with work permit).
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INVENTORY SYSTEM OF CHEMIE LINZ AG
Building 610
$uiv I ) .
| 2 . 610/' |
: 1 1610/02 71026 !
f ' 'sulphu 610/025 boiler <> '
—— 'furnacg [¢| [~ —— hot gas .
o = ‘ 4 filter '
i . 4 Av ‘. ﬁl 7 T I
— ———{610/022: sulphur pump I l ‘
~1  —610/023: sulph.r pump II o stack i
' to converter building 609
. g0/ I g
; melting pit from ECO . ,_]
'Building 607 | | '“'_'_i
I(unit) 0 !
’ ~—— !
607/026 :
drying ‘
___ [tower !
|
H=] |
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Fach huilding in the companv has a separate number. For admi-
nis*razion buildings the numbers 1 - 99 are reserverd. For the
A{fferont buildings in the plants the numbers 100 - 999 are in
us-. Fa~h machine and apoaratus has an apparatus number (e. g.
610/024 -~ sulphur furnace of Monsanto plant). The first three
fiqur~s mark the unit in vhich the machine is in action.
Tho second three fiqures determine different machines in a
rsor+sain unit (buildinqg). Electrical motors are separately
numb-red and inventoried hy the electrical department. All
. marhines and motors in the field and the replacements in stock

are marked with the apparatus number. -

TxiTnle of inventory record

6101/021 fulnhur melting pit, 21 000 x 4 300 x 1 500 mm,
with coils and aqgitator.
Three nhase current motor, 5.5 kW, 1 400 RPM, gear

transmission to R4 RPM, motor number 623270

£10/022 Sulvhur nump, vertical type, size 12, VS0 - 861 -~

1/4, termperature of molten sulphur 1350C Fa., Lewis

" £ Co TPC motor, 4.8 kW, 2 870 RPM, motor number
A9%4200
5107021 Sulphur pump, equal with 610/022

TPC motor, 4.8 kW, 2 870 RPM, motor number 694201

610/004 Sulvhur furnace, vertical <construction, 3130¢ x

7750 high, steel shell, brick lined, manufacturer:
Reisner & Wolff
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610/025 Waste heat hoiler, 1 800 # x 7 600 lonag, 225 m2
surface, 16 kp/cm2 steam pressure, insulated, reqi-
numher 2236, boilerfeedwater-drum 15000 x 5000

long, 10 m3 volume .

5107026 Hot qas filter ......
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SALARY SYSTEM - LEAVE

In Austria there is a collective agreement between the Federa-
tion of Trade Unions (labor unions) and industry. At inter-
vals of 1 to 2 years the two parties fix the wage increases

for a certain period.

In Chemie Linz AG there is a special system called "Salary

regulation". Our salary is calculated as a sum of four groups:
1. Basic salary (BS)

It depends on the position of the employee. The scale of

basic salary is divided into 23 steps.

2. Seniority vilue in percent of the basic salary (SV)

SV = 67 x years of service with Chemie Linz

90 - entry years (age)

3. Experience value (EV) in percent of the basic salary.

This value is 1% per CL service year up to a maximum of
13%.

4. Personality value (PV)

It dermerds on the opinion of the employee's supervisor and

increases from 0 to 33.6%.
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Hali-day (Ycave credit)

; Un tn 29 sarvica years: 24 week days (4 weeks) Mo - Sa

Yore than 20 service years: 30 week days (5 weeks) Mo - Sa

Yoirs of study are credited as service years to the following

oextends

Charae for Technical High Schoold: 3 years (duration of

. schoal: 5 years)
Charge for Techmical University: 5 years (duration: 5-8
years)
/ YInre than 25 Chemie Linz
serviece years: 30 actual working days (6 weeks)

Additional freatime

for marriaae, birth of a child, moving house, death of rela-

ticns in the amount of 1 to 3 days.

Rocreation l=2ava in comnainy-owned hostels

Every 21 months: Production and maintenance personnel in very
Austy and Adirty areas.
27 months: Foremen and workers, laboratories

37 months: Employees in production offices

96 months: FEmployees in administration offices
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WORKING WEEK

Irn Auszria the 40 hour week is generally worked.

General shift

Ploxibhle working time:

stars 1in morning: 6.30 till 8.3 n

. 3/4 hour lunch break
close in afternoon: Mo - Th: 15.30 till 17.30 n
Fr: 12.30 till 14.00 h

Recording of actual working time on "time reaistration cards”.
q

front side back side
' S o A - T Sty
Zeiterfassungskarte CHEIIE LNZAG ° .WZ-Wasching time :~ tetal.balance
. . . Zeitraum: BZ-Bathing time - - Saico . o
Time registration card ‘ 1* Ralance of former
NaT2 o ] V. — Vortrag card
. Department | & side 17

Kg-oo2 chen

’ P\“,:-‘ o
Pers. °

SummeMd:r L'.,;-Jbzw.
minus-Abweichungen:

Surmen &
CUS-ADW S LG
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The maxirun nlus or minus balance allowed for one comnlete

2Qls

rr

~

ration card is 10 hours. Employees of Chemie Linz AG can

(Y

Nroa

'R
rn

wo frec mnrnings or afternoons or one free day mer month

-t
"t

they 4o not infringe the 10 hour limit and if their supe-

rinr aqives his consent.

Shift svstem

Yost N nur nlints are on stream 24 hours per day. For these
. produztzion lines in the different departments there are 4
sh1f+ arouns wqrking 8 hours per day according to a snift
tahle. These grcups also meet the 40 hour week with temporally

fix24 free shifts,

Examnles of different shift systems:

A B o D
2 shift groups A, B Monday-Friday [6-14 | 14-22 bagging and
loading
3 shift groups A,B,C Monday-Friday [6-14 | 14-22 |22-6 superphos-

. phate

4 shift groups A,B,C,D the whole week |6-14 | 14-22 |22-6 |free | most produc-

tion plants
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SUGGESTION SYSTEM

In 1953 Chemie Linz AG introduced a suggestion system.

How to make a suqgestion:

1. The idea

Tvervho iy can make suaqestions. The office "Suggestion System"

' and the members of the works council will help composing a

sucJestion.

2. Presentation

Passibla via tha superior, the office of suggestion system or
the wnrks council. One can also put the proposal into the

"suagestion letter bhox".




chanmserv

CONSULTING GESM.B.H.

3. Reaistration and examination

Tho nffice checks the suagestion formally and asks for the

opinion of one or more experts.

4., The Aecision

Accantance or rejection of suggestions is the duty of a "sug-

adestion commission”.
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5. Rewari

sxperts calculate the annual savings and suggestion com-

Lol 2P Y

mission has to fix the reward.

6.Paym?nt

T€ +ha sugaestion is worth while the employee will get the

reward together with his/her monthly salary.
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ta iistinauish estimable and computable suggestions. An esti-
mable sugqgestion can be rewarded with AS 200,-- un to AS

3.000,--, -Ad2pending on the result of the evaluation system.

Zriteria in the evaluation system:

TenOrLAance important .......... negligible .
Kind of solution original ...ceeees.. already used
Tefan+e of the proposal complete change .... insignificant

. change

Frequency of application often c..cceveeccnce single

Site of sugagestion own business ....... foreign business
/ Elaboration practically tested . not tested
Realization cost up to AS 3000,-..... more than AS

5 000, -- !




ShEmServ

CONSULTING GESM.BH,

LECTURT
FUNDAMENTALS OF MAINTENANCE

1. Proiuction and miintenance

Posi*ion nf maintenance in a production process:

" WORK

RAW MATERIALS
ENERGY ﬁ <-
PRODUCTION "
WEAR (BUILDINGS, _4 MAINTENANCE
CORROSTON MACHINES, .. .)] / \

MATERIAL | | WORKMANSHIP

PRODUCT

o
.

The miintenance gycle

2. The maintenance cycle

/ PLANNING ~

EVALUATION EXECUTION

\ PECORDING // ‘
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3. Som:2 rockni~al items

Aiministration
Proyansivs maijntenance
Corrective maintenance
Mndificarinn
Roplicemont

~

Tivoas~r nrcvoantlve maintonance
Tnilirect preventive maintenance
. ~ubijc~tive innpection
Ohiective inspection
Surveillance A

Rath tub effect

,\ optimal operat )[
time

v

operating nours

failure rate

$. ™o econonmic eoffects of Ereventive maintenance

—— Without condition
monitoring

. with condition
monitoring

(CM.)

cost

overall resul”

cost of actual
preventive maintenance

loss cf earnings due to
~»~ stoppages

repair cost

preventive maintenance
{ptlmal .ranng ‘manhours

ithout Q M. " optimal grange
with C.

P
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“aintonince costs

Waage costs

Mi+snarial costs
AMministration costs
Purchas~d sor-rices

Conversion costs

Dire~* maiintonince costs

Indire~t maintenance costs

bh) Control

<) Care

AY Maint. ‘

o) Check

f) Rermalr “ Duties of maintenance department
Maint-enance and internal orgqarization

m™.n man in tho maintenance process

Janr -~ reason for maintenance

Wear
Crrrosion
Fatiaque

Aasing

Mainranancs in a production process
a) Coneration “ Duties of a production department
|
Kinds cf wear: ‘
|
|
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chan serv

10, W-ar and corrosion phenomenonAa

1Y even and scared corrosion
) pitting

2} intar~rystalline corrosion
A) +ranscrystalline corrosion
2}V lTiver corrosion

£) marterial corrosion

al crevise corrosion

h) fatiaue

1) r1eing

) thormal influence

11. Tvnes of faults

12, Registratinn of wear nrocesses

A normal wear
{ ———"abnorm. wear
l . v
| — -~ "desired wear
o
5]
3.
3:
Cd
o
u.
2
VAT I
. time of plamnngd maint. . )
start-up continuous wear ————&—-—; ~opetating time
Z L ved .

wear progressive wear
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13, Dafence of wear

1. ) amrive an? b) passive protection against corrosion

— ———

1) avoidance of destruction

b)Y Zormaticn of a protective layer

15. Teochnoloay and methods of maintonance

‘ Maintonance wrocess

aintenancae as a nart of Repair as an independent process

v me s fuﬁt]’\\'\ Nrocess

. ) 1
/ L 1 I 1 | 1
C01trﬁ;1 Carvice Care Cheocx Repair
— T i | |
Methods: Methods:
1. Work study 1. Periodical check planned
2. Work oraganization 2. Periodical repair and
a) ?peoration manual 3. Standard repair preventiv=:
nY CAare instruction 4. Average repair unnlenne-i
. ) Lubrication nlans
Auties
Anorating people f‘-—r’knowleﬂqéj]__) Maintenance poeonle
about
+ecchinical performance, way of operation, types of fault, types
n€ w-ir, miint~nance.
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Methods of maintenance

| maint. after maintenance due to
foalt in plant predetermined wear-con
—_ T .
urplannad planned
maintenance maintenance
k standardized

repalr o .. .. . X

tp’d nage periodical check periodical repair repair

w il ]

plant shutdown l

|

|

plant shutdown

plant shutdown

search for tre Lb;gj

{creck cperatlon A_] L_;hggk_nqe:a;um;.]

Ue*erm'ne trouble

l ant shutdown

Chock for sub-
‘Soquent faults parts

determine  subsequ
secondary faults

repalr primary an
secondary faults

]

!
l [
v

check determlned

T

replacement or
touch up required

check, touch up or
replacement of de-
teimined parts

|

carry out replace
ment or touch up
h 1

check oper tiQDA_J

1
i

_pamy_J

Teplace determined
arts or groups

! assernly assemply [ sembliy assembly ]
e i T i |
lzvst run {;est.rUh ] [}est run test,ruﬁ ~J
{ ‘ | ; L
(’ start operation

start operaticii ]

start operation

start operation

s e eae =

P

. ———— —

g . v

LR i — e

I A, T—— ———————— . " ———a— e Wpnee o™ e

———
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16. Romairs

J

!

17. Maint-onance schedule

v
S

. Promarations for maintenance

‘ 19, Maxin+sonance

Manaagemoent - Planning - Realization

20. Damand for renairs

21. Investigation fo repair material

22. Plannina and account control of maintenance

. 25. Snecinlization according to machines used

Auildings

Civil facilities (streets, sewage, ...)
Venirles

lnists and conveyors

Machine tools

Tubes

Pumns, comnressors, turbines, ...
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24. Surveillance and maintenance in chemical plants

25. Maintoenanc2 and pollution control
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Beside the legal rules and directions, some other
SAFETY INSTRUCTIONS

exist in Chemie Linz AG

Gen2ral instructions: competence, foundations, smoking
prohibition, alcohol prohibition, maximum speed inside the
area of CL, first aid performance, safety advice,...
Information procedure on fire-brigade actions and accidents
Fire-brigade operations

Alarm routes for the fire-brigade

Saf2ty measures

MaintenAance business

Lozal =xtinguishers

Us~ of protective hcods

Zntering vessels

For21gn company workers in the plant
Protective equipment and protective clothing
Safety instructions

Scaffolding, ladders

Storage of combustible materials
Use of solvents
R1iiation protection

Portable electric hand tools (power tools)
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13. Directions and marks for safety work
19. Responsibility for repairs on pipeline bridges
23. Bolt shooting devices
21. Directions for chemical labs
22. Aparatus, devices and equipments prescribed for inspection
23. Loading work on waggons
24. Transportinag tanks
25. Glass carboys (balloons)
25. Szeel bottles
. 27. Pressure vessels
23. safety on railway lines
29. Guided plant tours
30. Vehicles without rails (fork 1lift trucks, ...)
31. Alarm plan for special departments
. Fire protection in glue plant
. Reporting industrial accidents

3
4. Transporting prussic acid

Yearly check on all continuous conveyors (belt, chain conveyors

etc.) and notice of the inspection in a check book.
Yearly earthing check on tanks for combustible materials.
Control of the lightning conductors at intervals of two years.

The items underlired will be discussed in detail.
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Safety instruction 6

MAINTENANCE IN THE PLANT

All jobs in connection with maintenance, erection, servicing,
manufacture etc. on or for equipments of plant must be approved
by 2 person resoonsible for this plant before work starts. This
1s done by a written "APPROVAL SHEET" for repair work (see sheet
A 79 b), sianed by the leader responsible for the particular area
or (in place of the leader) by a person who is made responsible

by the manager of the department.

The approval sheet is valid only for one particular job.

Minor jobs with no element of risk are allowed without an
aporoval sheet. Arranging the job is the responsibility of
ordering (production foreman) and performing department
(maintenance foreman). The issuer of the approval sheet and the
job merformer are responsible for using all appropriate
protective measures before and during the service job. In
orincipl2 this approval sheet sh211 be for all people concerned
with the service job

1. a memory aid

2. woiding misunderstanding between ordering and performing

sidie
3. axact determination of precautions

4. clearly allocated responsibilities

o e are e —
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Th2 anproval sheet has to be signed before the job 1is carried out
by the technical side. The original (yellow) of the approval
sheet 1is kept by the work executing side, the copy (white)
rem2ins with the issuer.

If thas repair is performed by personnel from other workshops

(THW, TBW, ...) the foreman of the other workshop gets the appro-

val sheet after instruction from the technical {(maintenance) side

of th2 plant and the other workshop confirms agreement to the
oriar~i precautions by signature. Beside this, special means of
course all the specific instructions for the technical work must
be obhserved. These specific instructions are not written on the
approval sheet.

Aftar finishing the job the responsible person of the executing
workshop fills cut the tear-off-part of the yellow original sheet
with time, date and signature and hands over this part to the
issuar. The issuer sticks the tear-off-part to the white copy

(specimen) of the approval sheet.

Bncause 2 test run is necessary after finishing the repair, the

rosponsible maintenance man fills out the rubric "SWITCH TOTEST

RON" with time ard date, and signs it. The foreman of the plant
warkshop also signs this column and arranges the start of the
macthine with the production foreman. During the test run the
apnrovial sheet (yellow) is on the production side.

After 4due pa2rformance of the test run, the approval sheet comes

back to the repair foreman, who signs the rubric "JOB FINISHED",

and the tear-off-part is handed to the issuer as described above.

e e —

. e e

e ————

s r—— —— - n = o -

o v s w———

T ——

Ceee A TI———— y——— ©




chemserv

CONSULTING GES.M.BH.

If 1t is not possible to finish the repair on the same day, an
application must be made for extension of approval. Therefore
the issuer has to write 2 note on the yellow sheet, duplicated on

the vhite copy.

To simplify filling in approval sheets and fixing precautions,
special supplements in which the danger and the required

procattions are indicated are provided.

Long-term approval sheets for routine jobs can be issued for a
time limited to one year after consulting the safety engineer.
The required single approval sheets before performance of work
concerned are issued on their own responsibility by the deputies
of the responsible person (foreman), based on the long-term

approval sheet.

The observance of the ordered safety instructions by the
executing people is ctiecked by the competent supervisor.
Aporoval sheets for entering sewers and purification pits must

ilso be signed by the safety department.
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7]

1f2tv instruction 13

il S

SCAFFOLDING, LADDERS

For erection of scaffolding during execution of civil works Par.
19 - 33 of the order about "protection of workers and employees"
and *he standard “OENORM B 4007 - scaffolding" Par. 35 - 37, and
ATNORIY P 5120, concerniig ladders apply. Ladders to be inspectea

accor-ling to safety instruction 20.

During erection and working on scaffolding the following
procedure 1is obligatory: of the various scaffolds are erected by
tha civil department as per order sheets (form A 99). The
/ original of this sheet is sent to the civil department from the
orderer, one copy together with the order for dismantling of the
scaffnld remains with the orderer, and one copy goes to the
sifety engineer. The safety engineer has the possibility to

receive safety interests on time.

In all cases where the civil department has a permanent work

oriler for erecting scaffold the number of the permanent work
order must be written on the order for erecting a scaffold.
. Therafore no separate work order is required. If there is no
v_rmanent work order by civil department beside the order for
building a scaffold also a work order is required for accounting

the workmanship. The sheets are arranged so that both parts can

be written as copies. Work order and scaffold order must bhe
handed over to the civil department. The determination of

workmanship in each case is to divide in : exact place, aim of

the scaffold and required load capacity in kgs.
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The orderer takes over the scafiold by signing the relevant
scaffold order {scaffold taken over). Looking after the scaffold
and maintaining it in good condition till now is the duty of the

ovdarer.

ie has to check continuously. He is not responsible for proper
and correct erection, which is the exclusive duty of the
scaffolivers. But taking over department is responsible for the

satisfactory state of the scaffolding.

To 3avoid the improper use of scaffolds which are not ready or
have not bea2n taken over yet, the civil department has to mark
them by a sign: "Don't use scaffold". When the scaffold are taken

over these signs are removed.

if a scaffold is no longer in use, dismantling of the scaffold
must be ordered with sheets 3 - 5 of form A99. Immediately after
stirting to dismantle, the civil department fixes the plate:"Do
not use scaffold” on the scaffold. Afterwards the scaffold must

b2 removad promptly.

Concorning double wooden iadders as per OENORM F 5120 steel ropes
with a3 diameter of 4 mm must be used instead of chains to avoid

the *"wo beams moving (see safety instruction 20).
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Safety instruction 17

MOVABLE ELECTRIC HAND TOOLS AND MOUNTING LAMPS

To Acfine the required precautions and in the interest of good
cooperation with outside companies and workers from outside
companies, while complying with OEVE instructions E 1 and E 40,

th2 following precautions are ordered:

Hovahle electric hand tools

1. For jobs in vessels, containers, tubes and similar small
equioment of good conductive material and for jobs on such
equipment with comparable narrow place conditions.

2. Jobs on metallic conductive points such as grids and steel
constructure.

3. Jobs oa good conductive points (soil, concrete).

4. For jobs on pnor conductive points such as workshops with dry

and non-metallic floors, offices, dry tile floors.

It is 11so pointed out that disconnecting transformers must be
le~ated outside the dangerous rooms and only the connection of

one electric hand tool is allowed.

!} supplement shows different kinds of electric hand tools and

permissible usezs.
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PRODUCTION CONTROL

I. Introduction

Since price developments and availability are continually
‘. increasing the significance of the cost factor energy plus raw
materials, every firm is forced to give the associated issues
in-depth treatmeﬁt.
However, the goal of maximum cost effec*iveness can only be
/ rached if suitable records of generation and consumption are
available on the necessary scale, and when these are worked
through by a selected team. Larger firms will have their own
staff for this; small firms should consider making use of

outside energy consultants.

At Chemie Linz AG it was realized right at the beginning, i.

e. immediately after the second world war, that the use made

of energy and raw materials needed to be continually recorded
" and monitored, and critically assessed.

To take care of this a department was formed with responsibi-

lity for all production sectors and all forms of energy: its

aim is to acnieve the maximum cost effectiveness mentioned

above.
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As the area of responsibility has been extended to include
various aspects of general interest within the firm, the
department now reports directly to the directo:s; it has the

following structure:

safety engineering services

fire fighting

energy and raw material control

pollution control

/ This paper is concerned exclusively with the responsibilities
of the team concerned with energy and raw materials in connec-

tion with production control.
A)Organization and structure

To cope with the extensive statistical material and the comp-
lexity of the problems presented, the following distribution

of tasks has established its worth in practice:

1. Billing center and day-by-day accocunting (4 people)

Covers: data collection and evaluation
data bank input via teminal
general and specific computer programs for energy and
raw material flows

calculating daily production for main products
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2. Data bank and month-by-month accounting (4 people)

Covers: calculating monthly data for all production sectors
and all types of energy
splitting up and allocating the various types of ener-
gy for calculation purposes
computer program maintenance
generating various forms of information required for
assessing energy and raw material consumption (e.g.

0 specific data)

3. Monitoring and assessment (7 people)

Covers: continuous and retrospective monitoring and assessment
/ of energy and raw material consumption and losses
. (yields) monitoring and optimizing production sequen-
ces and energy equipment; inspecting pipe network
handling purchases of energy from outside sources
(electricity, gas)
producing mathematical models of production
advance planning for production, energy and

maintenance

e e et Sap—
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4. Production supervision center (10 people)

The supervision center is a permanently occupied, central

coordinating and information facility, concerned with:

monitoring current energy consumption, with particular

attention to line-bound forms of energy

guiding energy >onsumption as regards peak consumption

continually observing and recording activities in the
. main production sectors

permanent contact with outside energy suppliers ini-

tiating countermeasures when faults occur
B)Staff and equipment available

To deal with the range of responsibilities outlined above, 25
people are emplcyed, 6 of them with a technical qualification.
The complexity of the problems make an excellent knowledge of
the plant and technical, chemical and commercial understanding
necessary. As all accounting procedures and most control func-
tions are handled via EDP equipmer*, che majority of the staff
have a training in data processing. Within the various teams 3
" terminals with display screens provide technical support;
these are linked to the main Chemie Linz computer. Calcula-
tors, tables and graphs are also used. Planimeters are emp-
loyed to evaluate plotted data. The production control use 2
load flow monitor devices to check consumption of natural gas

and electricity (peak values) continuocusly.




-—

clhen serv

CONSULTING GES.M.B.H

These devices are computerized, and display meter data and
consumption trends at terminals. Meters and flow recorders are
also available to provide a continuous check of the consump-

tion of other media.
C) Extent of monitoring activity

In principle all media required in the plant are monitored:
natural gas, fuel gas, fuel oil, electricity, steam, boiler
'. feed water, condensate, river water, drinking water, compres-

sed air, nitrogen (for purging) and pilot air.

These media can be monitored effectively only if the genera-
p tion process and the various consumers are continuously co-

vered. The large number of consumers make it impossible to

allccate consumption on a day-to-day basis:; as far as auxi-
liary media are concerned, therefore, we limit ourselves to

monthly accounting.

Full day-by-day accounts are used for natural gas as a primary

energy resource and raw material.

The generation of the various media is treated in the same way
' (day-by-day).
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Primary production (ammonia), the products derived from this
and the main forms of energy and raw materials involved are

also worked ocut on a day-by-day basis.

These dayly/monthly data for consumption and production are
pro-cessed by means of various computer programs to calculate
specific characteristic data. These characteristic data are
catalogued; in conjunction with various other production data
(pressures, temperatures, compositions, yields, efficiency
factors, etc.), they serve as a basis for assessment ("Speci-
fic value folder"). Deviations from typical values that cannot
be explained in‘terms of special operating proccedures are
subjected to a special investigation.

If the need arises, the production department concerned and
the instrumentation department will be called in.

It is possible to judge whether su~h operating data are cor-
rect only on the basis of comprehensive knowledge of the
production facilities, the production sequences and potential

causes of trouble.
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II. Description of activities
On I.A) 2: Monitoring and assessment

Monitoring processes and plant effectively and assessing them
meaningfully presuppose an accurate, detailed documentation of

all data connectad with energy and raw material flows in
production, matched to the individual circumstances. These
statistics arnd a specialized knowledge of the links between

. energy consumption, raw material inputs, process engineering,
plant loading and various technical and chemical facts are the

basis feor compuéations which reveal the type and locality of

losses and the extent to which economies are possible. Know-

ledge of the initial situation (target values incorporated in

/‘ “he design, expansion stage reached, technoiogical level) is a
necessary precondition both for judging the current situation

and for selecting successful economy measures in terms of the

current situation.

One of the most common methods of monitoring consumption (also
used at Chemie Linz) involves determining energy and raw
miterial consumption data in relation to production on a daily
0 and/or monthly basis, collecting statistics on all variables
required for assessing process sequences (such as pressures,
temperatures, compositions, chemical equilibria), and judging

these numerical data critically.

Another promising method of identifying losses resulting from
the use or conversion of raw materials and forms of energy 1is

to draw up material flow and energy input/output diagrams.
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Energy flow diagrams provide a way of detecting the amounts of
enerqy not used in one installation and given off in the form
of heat, while free enthalpy diagrams are of greater help in
determining their value and the extent to which they can be
reused in other processes.
Material flcw diagrams and comparisons between quantities
produced and consumed make it easy to determine material
losses quickly.
Depending on the extent to which savings in primary forms of
" energy are to be anticipated, and on how complicated the
process in quest%on is, a rough analysis of the steps in which
the largest losses can be presumed will be adequate in some

circumstances.

J/ Continuous consumption monitoring is aimed at the following

tar-gets:

- reducing energy and raw material consumption, thus making

the products in question cheaper

- extracting a few characteristic data of real significance

from a large quantity of disorganized process information

- elucidating numercial data on the connections and interrela-

tions between the process variables in a production process

- identifying the structure and limits of the various influen-

ces

- predicting consumption values in relation to changes in the

pro- cessing saquence (optimizing)
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- motivating employees to economize on the use of energy

- constructing diagrams for monitoring the state of an instal-
lation as regards possible causes of loss

-~ issuing representative data on energy and raw material flows
for the benefit of top management and production depart-

ments.

Natural Gas

a) Introduction

Chemie Linz AG uses approx. 550 million cubic maters of natu-
ral gas per year, i.e. around 14% of the entire Austrian
/ consumption. Roughly 90% of our consumption is used to gene-
rate ammonia; the remaining 10% are consumed in firing and

drying systems.

The natural gas 1is supplied by the agency responsible for the
Austrian province in question, Oberoesterreichische Ferngas,
who are also responsible for delivering the gas as far as the
point of transfer (metering device owned by the supplieis).
l' The business details connected with gas purchase are fixed in
a supply -con-tract.
In Austria the price of gas is regulated by a public commis-
sion which lays down price ceilings for the various provincial

agencies in the light of circumstances.
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b) Method for determining the quantity of natural gas to be

invoiced

The way in which charges are made for natural gas varies
greatly from one gas supplier to another. Consumption is
basically measured in cubic meters. In the case of small
consumers, parti-cularly where they are supplied from a gas
mains at low pressure, ccnsumption is indicated in operating
cubic meters, whereas in the case of larger consumers supplied
. at high pressure the quantity measured in operating cuabic
meters 1is conver;ed to standard cubic meters (at 0OoC, 1013.25
mbar) by a conversion device. If no conversion device is on
hand, the conversion factor F is calculated on the basis of

/ the pressure and temperature obtaining as follows:

273.1S8 b+P 1 :
F= 3935983t X 7807 % R

e.g.:
273.15 740 + 15001.2 _ 1
F= 333557370 X = 780 X g5 = 20.3883
b = barometric reading in mm Hg e.g. 740 mm Hg
' p = gauge gas pressure in mm Hg e.g. 23 bar gauge

(1 bar = 750.06 mm Hg)

t = gas temperature e.g. 100C

K = compressibility factor as per table e.g. 0.98

10
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or
P_1
F = 0.268578 x T X K
e.g.:
F = 0.269578 x 533052 x (g5 = 20.3683
where
P (bar) = bar (gauge) x 1000 + Ba (mbar)
or
P (bar) = p (gauée atmospheres) x 960.665 + Ba (Hg) x 1.333223

T =t + 273.15

The resulting natural gas consumtion, now expressed in cubic
meters at standard temperature and pressure, 1is converted by
some suppliers into a quantity of heat, taking the gross

calorific value into account.

As far as gas sales are concerned, changes in the Austrian law
on measurements and calibration which came into force on 1978

01 Ol give preference to charging on a kWh basis.

Below various methods of invoicing for natural gas in use at
various suppliers' in their dealings with special category

customers are summarized:

- Consumption is invoiced by standard cubic meters; only a
working price per standard cubic meter is charged. If
consumption drops below a defined load factor, surcharges

are made for gas storage

11
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~ Consumption measured in standard cubic meters is converted
into kWh on the basis of the calorific value. Apart from
charges for a working price, an energy price per MW is
charged for an agreed amount of power per hour or day. The

energy price level depends on the pattern of consumption

- Consumption is measured in standard cubic meters. Both a
working price per standard cubic meter and a fixed availabi-
lity charge per month are invoiced. Monthly consumption in
the months
October to May over and above peak monthly consumption in
the months Jhne to September is invoiced at a higher rate

per standard cubic meter
C) Matural gas metering equipment

Since natural gas is used as a raw material and a fuel on a
large scale in the chemical industry, while its price makes it
the most significant cost factor, great attenticn is paid to
accuracy in metering. The description of a metering system
given below represents the current state of the art for a

large consumer.

12
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The quantity of natural gas supplied is normally measured with
volume meters; here both displacement meters and turbine-type
inferential meters are in use. In exceptional cases orifices
are employed to measure (usually extremely large) gas flow-
rates. The instruments used are required to be calibrated,
i.e. a public body checks the accuracy of measurements. In-
struments are released for use only if the inaccuracy detec-
ted lies within a prescribed margin - currently +/- 2% between
0 and 20% and +/- 1% between 20 and 100% of rated 1load.

To convert the volume measured under operating conditions by
the gas meter fo a standardized voiume (273.15 K, 1.01325
bar), volume converters are used which also require calibra-
ting. These converters measure the variables pressure and
temperature with 2 independent transmitters, while taking
atmospheric pressure into account. Converting is then done
either mechanically or electronically; electronic systems

offer various advantages, in-cluding greater accuracy.

Pressure and temperature must be measured separately, parallel
to the instrumentation described, partly so that a check can
be made at any time that volume conversion is being done
correctly, and partly to have the data for manual conversion

available if the automatic converters break down.

13
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It also turns out to be a good idea to reccerd the volumetric
flow on suitable plotters or to monitor it continuously on a
display screen. This method has considerable advantages if
extra charges are levied whenever the flow erises above a

defined level per hour or day (peak monitoring).
d) Checking and monitoring the natural gas metering system

In view of the considerable sums that change hands on the
basis of metering natural gas flows, it is extremely important
to monitor and check the instrumentation continually.

The most reliabfe and accurate method of checking - but also
the most expensive - is to install a second flow metering unit
(master meter), connected uvp so that it can be switched in
series to the device to be tested, while gas does not flow
through it the rest of the time. Comparing the 2 devices
periodically will reveal any long-term changes in the preci-
sion of the unit used for invoicing. Fitting a control orifice
provides a similar way of monitoring. However, an exact compa-
rison of data is possible here only if the orifice is cleaned
before every comparison, since even slight deposits can falsi-
fy the results obtained. Apart from these direct checks of the
primary meésuring devices, the converters also need checking
regqularly. To do this, the effective conversion factor F
(standard cpbic meters divided by operating cubic meters) 1is
compared daily with the conversion factor a computer derives

from pressure and temperature plots.

14




In addition to this continual checking to detect changes in
conversion, the absolute correctness of the procedure must be
checked periodically. Here the pressure and temperature trans-
mitters for the converter are tested against a calibrated
pressure balance or calibrated pressure gauge and a calibrated

thermometer.

To moritor that the transport system, i.e. the distribution at
work, functions correctly, daily volume accounts for input and
output should be produced. These accounts also provide a way
of checking tha? the instruments installed at the users' -

usually orifice devices - function correctly.
e) Settling accounts with the gas supplier

Apart from continually monitoring consumption, instruments,
distribution and allocation, the department responsible for
energy and raw material flows also has the task of settling
accounts with the gas supplier.

The volume consumed is paid for monthly, on the basis of the
guantity measured as supplied each cay. As invoicing is done
on the basis of heat content in Chemie Linz AG's case, the
calorific value of the gas must be registered parallel to the

volume flow.

For this purpose the mean gas composition is worked out by
analysis from a daily sample, and the calorific value of the
gas supplied determined from this. Together with the flow

volume registered, this provides the basis for invoicing.

15
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Electricity

a) Introduction

The chemical industry can produce smoothly only if all produc-
tion and ancillary facilities are kept supplied with electri-
city without fail. At Chemie Linz AG around 700 million kWh
(Gwh) are needed per year to generate and process ammonia and
to produce a large number of other products. This makes our
company one of the largest industrial power consumers in

Austria.

To gquarantee this massive consumption, a supply contract was
con-cluded with the Oesterreichische Verbundgesellschaft (VG)
several years ago. As nationwide supply organization, VVG
operates the Austrian high-tension distribution network, and

supplies the .argest users in Austria.

The fact that Chemie Linz AG is connected up to VG' s 110 kV
distribution network means not only that the supply of elec-
tricity is ensured, but also that a reduced price can be
charged. As in the case of natural gas, the electricity tariff
is determined by public bodies. As a large-scale electricity
consumer, our company is continually at pains to reduce the
amount of electricity it draws from the public supply system.
In 1982 a facility was started up at our Enns works to gene-
rate electricity from waste heat; this supplies around 7% of

the electricity we need.
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%) Measuring equipment for accounting

In view of the large quantities supplied and the value of
electricity, it is essential to measure consumption exactly.
As a rule supply contracts with large consumers prescribe that
the work consumed (kWh), the power taken (kW) and the reactive
power taken (kVArh) musc be measured. The supplier provides
the necessary meters for active and reactive power, plus a
device to register power (maxiprint). Large consumers are well
. advised to install a back-up measuring system; if it has the
same technical cbaracteristics, it can also be used for invoi-
cing (deriving mean values).
What form the metering equipment in a metering station takes
g depends on how power is supplied to the company, and its
location in the distribution network. Our metering station
used to register the electricity taken from the network in

Linz and Enns will serve as an example here (see schematic 1).
c) Checking, monitoring and settling accounts

In view of the large number of meters to be taken into account
for settling accounts, and the resulting risk of faults, the
. readings of the summation meters and of the maxiprint meters
are evaluated every day and compared. In addition, all meters

are read every month and the readings checked.
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The quantity to be invoiced is worked out by the supplier, in
our case VG. The plots produced by the maxiprint code prin-
ters, which can be evaluated by means of EDP (schematic in-
strumentation A - D), are used as a basis for invoicing.
Evaluation itself is carried out by tariff periods; it covers
work and power taken. The reactive power consumed is calcu-
lated from the meter readings. A charge for reactive power is

made only if a defined ceiling is exceeded.

. The electricity drawn from VG is measured, transferred to
Chemie Linz, and then transformed from the supply volcage (110
kW) to the interéal distribution voltage of 6 kW, before being
distributed in our works. All relatively large motors (rating
more than approx. 150 kW) are supplied at this voltage. In the
various supply centers the voltage is tepped down further to
500 or 380 V, to supply small drive units and for lighting

purposes.

To make it possible to correlate the electricity consumed with
the various users and to keep a check on actual use, all 6 kW
motors and all large users and/or production facilities are
scanned with suitable instrumentation. A balance sheet of the
. guantity purchase and of consumption is drawn up once a month,

thus ensuring that the measured data are correct.
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Now a few words on the electricity tariff:

A special customer pays for his electricity in 2 ways: work
charges for active power consumption, and power charges for
the power drawn (= basic tariff). As the share of thermal
power stations in generating electricity in Austria is highest
in winter, the work price to be p.id is highest in the months
October to March. Prices are lower in the transition months
April and September, and lowest of all in the summer months.
As a further distinction is made between expensive day (6 AM
to 10 PM) and cheap night (10 PM to 6 AM) tariffs, VG actually
operate a 6-fold tariff (small consumers pay according to a 2
or 4-fold tariff).

The contribution made by power costs to the price of electri-
city depends on the number of hours electricity is used for;
it is therefore least in the case of steady level users. Power
charges are derived from the peak quantity of power drawn from

the network (peak consumption during a quarter of an hour).

In the VG tariff 2 peak values during the winter-half year and
2 during the summer-half year are selected to compute a yearly
power rating for incoicing purposes. If the power taken is
used effectively throughout the year (approx. 7200 h), power
charges account for roughly a quarter and work charges for
three quarters of total costs.
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This makes it clear how important it is to monitor power drawn
continuously and to avoid peaks. This is why the supervision
center at Chemie Linz AG keeps a permanent check on power
drawn and throttles production back if there is a risk of a
peak. A load flow monitor device is available toc help in this;
it displays the permissible consumption level and the actual
power being drawn on a screen. If the power drawn (projected
on a quarter of an hour) exceeds the setpoint, an alarm is
triggered. Ary unclaimed amounts of power are also visible on
the screen; these can be re-leased for use by the supervision

center.

d) Reactive power

Both the VG tariff and the tariffs of the various provincial
generating boards provide that charges are payable if defined
quantities of reactive power drawn are exceeded.

For instance, the VG tariff permits drawing reactive power
free of charge up to 48% (cos phi = 0.9) of active work at the
full price tariff, and up to 100% (cos phi = 0.7) at the
cut-price tariff. Drawing more than this involved costs amoun-
ting to roughly 14% of the active power price in the full

price tariff, and around 8% in the cut-price tariff.

It is therefore necessary to stay below the ceilings defined

above, in order to avoid charges for drawing reactive power.

20
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In view of the considerable tolerance envisaged, there will
hardly be difficulties with this in the cut-price tariff. On
the other hand, in the full price tariff a compensation system
for reactive current is normally required. Apart from saving
money, this type of compensation system also reduces the load
on upstream equipment such as cables, load centers, transfor-
mers and supply network.
Where electricity-consuming equipment is expanded, one should
definitely check - before laying additional cables - whether
. improved compensation for reactive current might make it pos-

sible to save the high costs of cabling.
Control facilities in the steam mains

Shortages in the individual steam mains are made good by
feeding in steam from the next level up via suitable pressure
reduction stations. This means that any shortage in the ove-
rall steam flow is revealed as a defficiency in the 25 bar

mains, which must be made good by the steam boiler.

A counterpressure turbine (NO blower on the nitric acid A

side, rating 1.1 MW) also reduces pressure from 25 to 7 bar.

If demand for 25 bar steam is low, because the urea plant is
shut down or producting at a restricted rate, a further coun-
terpressure turbine for 25/7 bar, coupled to a generator and

with 2 rating of around 0.9 MW, is available.
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Water
To operate equipment and for sanitation Chemie Linz AG need

A) river water

B) well water

C) drinking water
D) boiler feedwater

E) hot water

A)River water supply at Linz works

a) Intake

Capacity: 3 channels, approx. 15000 m3/h unprocessed water

each

Energy: approx. 170 to 190 kWh/1000 m3 purified water,
i.e. around 6 MW for 30000 m3/h in summer

Other utilities: chlorine gas, pilot air, compressed air,

drinking water

Consumption: in winter approx. 22000 m3/h
in summer up to 30000 m3/h (actually the maximum

filter capacity)
wWater from the Danube river passes through coarse screens,

fine screens and a travelling screen to the pumps in the
intake facility (building 146).
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Pump data:

2 high-pressure pumps,5000 m3/h each,1100 kW, 61.4 m w.c.,740
rpm

2 high-pressure pumps, 7500 m3/h each, 1450 kW,53.4 m
w.C.,740rpm

1 low-pressure pump, 7500 m3/h, 75C kW, 27.0 m w.c., 740 rpm

2 low-pressure pums, 6000 m3/h each, 750 kW, 27.0 mw.c.,740rpm

The high-pressure pumps force the precleaned river water to a
total cf 18 pressure filters (designed for up to 6 bar), 4 of
which acre actually twin level tilters. After passing through
the gravel filter beds (part of which are always in reverse
flow, for cleaning purposes), the purified water reaches the
users via an extensive network of pipes. The purified water
main pressure is approx. 3 bar; it is maintained by the water

department (building 107).

The low-pressure pumps supply river water to 12 filters of
less modern design (building 107), which are unsuitable for
higher pressures. After p&ssing through the gravel filter
beds, the purified water reaches 2 unpressurized troughs with
capacities of 2280 and 1670 h3, reséectively. These buffer the
water on its way to the boo;ter pumps, which deliver purified

water to the mains.

23
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The network begins with a central pipeline (DN 1400), and then
splits up on its way from the east to the most remote users in
the north-west of the plant, with ‘the pipe sizes going down
accordingly. It may happen tha* the wmains pressure is no
longer adequate for remote users, as a result of the pressure
drop in the individual lines. To avoid having .o raise the
overall pressure level, separate booster pumps are installed

in such cases.
b) Distribution

As a result of the company's constant expansion, individual
secticns of the river water mains are already suitable over-
loaded (flow speeds up to 4 m/sec). Every time it is planned
to add a river water user to the system, an investigation must
be made of the effect this would have on the pressure situa-
tion in the mains. An inhouse computer program works out the
mains pressure at every Jjunction and the presure drops in the
individual branches. In this way we detect critical points,
discuss ways of reinforcing the system, and can input to the
computer progaram, in order to compare the effects and select
the most suitable. The program in question can be used to
compute pressure drops in piping network for a variety of

media (including gases and vapors).
It must be ascertained whether an planned major user {(new

nitric acid plant) will make it necessary to expand filter
capacityl
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c) Consumption

Flowrates at all major users and the input of each individual
pump are measured, and a balance sheet drawn up of the diffe-
rences with the aid of key numbers and predicted data (compu-
ter program). At Chemie Linz AG river water is used almost
entirely for cooling purposes; after passing through a variety
of heat exchangers it is therefore discharged into the drain,
heated up around 10 to 200C on average. The highest consump-
tion rates are compensated for by means of so-called recyc-
ling, i.e. coolant water which is only been slightly warmed
up, but not coniaminated, is pumped ktack into the network

(nitric acid and ammonia plants).
d) Disposal

River water is taken from the Danube river in the intake
facility, and returned to the Danube river completely around
250 downstream, by way of the discharge structure (building
147). This facility was necessitated by the censtruction of
the new Abwinden-Asten hydroelectric power station, which
raised the level of the Danube river by around 4 m at Chemie
Linz AG. As a result, water discharged from our works can no
longer simply run off into the Danube river, but must te

pumped away.
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Capacity: 6 pumps, 10000 m3/h each, 3 to 4 always running,

emergency power supply on hand
The Donaukraftwerke AG operate this facility under contract.
e) Power-saving measures

The mechanics of a rotary pump and of the pipeline downstream
are such that, for a fixed speed, reducing the pumping rate
automatically increases the counterpressure. When turned down,
therefore, the pump must overcome a higher pressure than would
be needed to overcome pressure drops in the pipeline and
static head. At the same time the pump ceases to work at peak
efficiency. The unavoidable result is that the power required
to drive the pump stays almost constant as the rate of pumping

goes down.
Possible countermeasures:

1) Running the pump at full speed with maximum pumping rate

the excess water is discharged into the drain. In our special
case the Q-H line and the power takeup go down as the rate of
pumping increases, while the pressure also goes down. If a
drop in pressure is acceptable, running the pump at full speed
is recommended as a short-term measure to save electricity
without extra investment. At Chemie Linz AG this is being done
success-fully with the low-pressure pumps, until a motor drive

with speed control is installed.
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2) Trimming the pump rotors

This is naturally possible only if reduced output is required;
either because the pump was originally too large for the job,
or - in Chemie Linz AG' case - because the rise in the level
of the Danube due to the power station barrage means that the
pressure head to be overcome no longer matches the design
data. Reducing the rotor diameter leads to a change in the

pump operating data, roughly as follcws:

3!
Q= & 3F
» o
H= H3
j'3
N= N5
// Q. Q' rate of pumping

H, H' pressure head
N, N' power takeup

D, D' rotor diameter

As these equations are exactly true only for rotors with low

speeds, it is always worth consulting the pump manufacturer.

' 3) Motor drives with speed control

Where pumps of the same size are run at different speeds,
their pumping data are modified for the aspect of operation in
question in line with the following equations:

/
R - A%
; Au ,
H= H=% n/n_sreeaz
[ n"3
N - TV n
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i.e. the rate of pummping changes proportionally to, the
pumping head with the square of and the shaft power takeup
with the third power of the speed ratio. ’

Looking at the characteristic distribution of a rotary pump,
which is yielded by shifting the turn-down curve in parallel,
we can recognize that flow control need no longer follow the
turn-down curve, but can follow the pipeline characteristic
instead. This way the power required for driving the pump can
' be reduced considerably, particularly where low rates of pum-

ping ar concernegd.

At Chemie Linz AG' s Enns works both water pumps were turned

/ down continuously in 1980; this led to the decision to equip
one pump with a motor with speed control. Az a result, unit
electricity consumption was lowered from a mean of 270 kWh to
185 kWh per 1000 m3 water, equivalent to savings of around AS
1.5 M per year.

We then started investigating whether similar savings could be
achieved in the intake facility in Linz. It turned out that
the various ways of operating pumps in conjunction make the
. load factor much better than in Enns. Nonethless, calculations
indicated that installing one motor with speed control for a
high-pressure and a low-pressure pump, and lowering the pres-
sure further, could save approx. 3.9 GWh per year. The new

drives will be installed in the course of this year.
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4) Optimizing electricity and coolant water consumption in

refrigerating equipment as an example of reducing energy

costs. Including all laboratory refrigerating devices, around
185 air-conditioning and refrigerating units are in operation
at our Linz works, with a total installed refrigerating capa-
city of approx. 3 MW (approx. 1 MW electrical rating). Owing
to increased energy costs, refrigerating equipment should be
operated only where actual refrigeration 1is involved. Air

conditioning should be restricted to a considerable extent.

Unit electricity consumption per kW of installed refrigerating
capacity increases with increasing condensing temperature; on

the ocher hand unit coolant consumption goes down.

// The cost of coolant water is the decisive factor for the
overall running costs of a refrigerating unit:
if expensive drinking water is used, the coolant water costs
are decisive and the cost of electricity plays only a minor
part. Total unit running costs per kW of installed refrigera-

ting capacity go down unmistakably as the condensing tempera-

tur rises. Units of this kind should be operated with the
highest possible condensing temperature (minimizing coolant
. water consumption).
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The situation with refriger2ting units cooled with well water
is exactly the opposite. Here well water, which is comparati-
vely cheap (only extra costs are taken into account), is of
minor significance, and electricity costs are the decisive
factor.

The graph shows how overall running costs increase with in-
creasing condensing temperature. Units of this type should be
run so as to minimize electricity consumption at the expense

of coolant water consumption (lowest possible condensing tem-

. perature).

From the graph it is also clear that unit overall running cost
for units cooled with well water are well below those for
units cooled with drinking water. Converting from drinking
water to well water saves costs in every case, and should be

carried out wherever eco-nomically feasible. (Graph)
B) Well water supply in Linz works

A horizontal filter well (building 144) and a vertical filter
well at building 88 cover mean consumption of 500 m3/h for the
entire works. Owing to its comparative lack of contamination,
' well water is mainly used for cooling laboratory and air-
conditioning equip~-ment. The vertical filter well was started
up only in 1982; it saves drinking water which we had to use

until then.
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The well water pumps are also turned down some of the time;
however, an in-vestigation we carried out showed that the
potential energy savings were not enough to justify capital

investment.

C) The drinking water supply is provided by the Linz municipal
utility company's drinking water mains; consumption in the

. Linz works is around 1,500,000 m3 per year.
D) Boiler feedwater

Most steam system function as closed circuits, i.e. steam is
/ generated and distributed, then condensed in heat exchangers
or turbines, and the condensate pumped back to the steam
generator. Individual plants monitor the conductivity of the
condensate continuously; if it rises above 20 uS, the
condensate is discharged into the drain.
Losses are thus contirually occuring (contamination in process
steam, stripper steam or simply leakages); boiler feedwater

. must therefore be added to the system continually.
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In generating Soiler feedwater, the solid and liquid contami-
nants (dust, oils, petrol, salts) and the gaseous contaminants
(oxygen, copper dioxide, sulfur dioxide, nitrogen oxides,
chlorine) be re-moved from the water by mechanical and chemi-
cal means. Mechanical treatment is done with a KSU ractor and
gravel beds, chemical treatment by means of ion exchangers and
mixed bed filters. This so-called deionized water is preheated
Lo approx. 980C with process heat from the ammonia plant;
before it enters the boiler feedwater vessels, it is degassed
. thermally (steam) and chenically (hydrazine), and then pumped

to the users.

At the moment S lines are available to deionize boiler feed-
/ water: 3 older ones with a capacity of 100 m3/h each, and 2
more recent ones for 150 m3/h each. At full load 3 lines are
in operation at any given time (turn and turn about), while

the other 2 get regenerated or are on standby.

Boiler feedwater generation and consumption are measured and

in-voiced every month.
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E) Hot water

Apart from steam, hot water is in increasing use as a hsat
source. It is mainly used to heat buildings and to warm pro-
cess water; here and there it is also used for tank and line
heating systems. At Chemie Linz AG hot water is heated entire-
ly with process heat, which makes a significant contribution
to saving primary energy. Steam gets blown in at intervals
only if there is trouble in the system or if outside tempera-
. tures are extremely low.
The main source of heat are carbon dioxide vapors, the gas
cooling facility in the methanizing stage of the single-train
plant, and the gas coolers in the ammonia plant in building

1/ 305. Waste heat from compressors is also used on occasion.

Capacity: in winter approx. 700 m3/h of circuit water are
heated from around 80 to 920C in the single-train plant, and
then pumped to the various users via 3 heating circuits. The
coolant water re-turning is fed back into the loop, closing
the circuit.

heating circuit I: 200 m3/h,supplies more or less the center
. of the works
heating circuit II: 400 m3/h, supplies the southern section

heating circuit III: 100 m3/h, supplies the northern section

The water flowrates and temperatures in the heating circuits
are measured, as is the consumption of the main users. Subsi-
diary users get charged for estimated consumption on the basis

of outside temperature. Invoicing is carried out per month.
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Our department is continually carrying out investigations to
find out how far buildings that are currently heated with
steam can be connected up to the hot water circuits at reaso-

nable expense.

The technical gases

At Chemie Linz AG compressed air, pilot air, nitrogen, oxygen
and mixed gas are generated as technical gases, treated and
. supplied to the users.

A) Compressed air
Mains pressures: 3 to 4 bar, and 6 bar

/ Generators: Demag Turbo, building 204, approx. 7000 m3/h at 4
bar Aerzener screw-type compressor, building 44,
approx.

7000 m3/h at 4 bar

Users: all plants (approx. 14000 m3/h) except for APP/AP2Z
sector (compound fertilizer production), which has

. its own supply of compressed air

Back-up facilities: Borsig compressor, building 204, approx.
1 200 m3/h at 6 bar
Atlas Copco, building 6, approx. 960 m3/h at 6 bar
excess pilot air, building 401
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3 IPEC compressors, building 424, 1200 m3/h at 2.8
bar each - normally used directly for mill buil-

ding 403 if required

If necessary, all compressors in the

APP/APZ sector (building 601) can be

used to supply the mains. The Sulzer

compressor in building 530, capacity approx.

3500 m3/h, supplies the C sector; any excess is

. dried and fed into the pilot air

mains.
B) Pilot air

// Pilot air must be dried to avoid condensate or ice forming
in/on sensitive instruments. Two air drying plants are in
operation in our works; both use silica gel adsorbers, regene-

rated with steam-heated air.

At the moment our works consume up to 3800 m3/h of pilot air,

normally supplied by the following equipment:

. Atlas Copco screw-type compressor, building 401, 1600 to
1 800 m3/h
Sulzer compressor, building 530, 1000 to
1 200 m3/h
pressure vaporizer, huilding 214,
400 m3/h
single-train plant, building 215,
600 m3/h

(of which 470 m3/h for own use)
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Of the 2500 m3/h which the Atlas Copco screw~-type compressor
in building 401 delivers, an excess 700 to 900 m3/h are avai-

lable for the 6 bar compressed air mains.

Production rates for both compressed air and pilot air are
measured, as are larger consumers' consumption rates. Smaller
users are charged on the basis of estimates. Invoicing is done

once a month.
C) Nitrogen and oxygen

A central air separation plant using the Linde-Fridnkl process
is installed in building 204 to separate atmospheric air into
nitrogen and oxygen.

A gas can be liquefied only below the "critical temperature".
In the case of air, the critical temperature is around -1400C.
Air compressed to anything up to 180 bar is cooled in interme-
diate coolers acted on by river water, and then cooled further
in a countercurrent system by the cold gases coming from the
distillation eguipment. Beyond, the already highly cooled air
ic reduced in prssure by means of a throttle valve, producing
liquid air (Joule-Thomson effect).

The air can now be separated into its components by fractional
distillation. Nitrogen, which has a lower boiling point (-
1960C), evaporates first, while the oxygen (boiling point -
1830C) content of the residue increases steadily.
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Facilities: 2 Frdnkl systems with a capacity of approx. 1750
m3/h pure nitrogen and up to approx. 2000 m3/h purging nitro-
gen (at most 2% oxygen, mean value 0.4% oxygen) each.

Ex-ess purging nitrogen and other components already used as

cooling media are vented into the open.

The oxygen 1is used for cracking methane in the gas plant, and
any surplus quantities are used to increase production in the
nitric acid plant.

Nitrogen is used mainly for purging and shrouding. Invoicing

is done once a month, as for air.

There no back-up facilites for the Fridnkl systems (installed
around 1940). If a system breaks down or need repairing the
rate of ammonia and/or nitric acid production must be reduced

(optimi-zing sales).

D) Mixed gas

A number of gases with varying calorific values accumulate
from the pressure reduction stages of ammonia station, and
mixed withh natural gas as required to a mean calorific value
of 1.85 kWh/m3 (1600 kcal/m3).

The individual components of the mixed gas are:

- gas from turbine pressure relief (TEG) from the carbon

dioxide scrubber, mean flowrate 4000 m3/h, calorific value
1.7 Xxwh/m3
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- gas from synthesis pressure relief and recycling pressure
relief (SEG/REG) from the ammonia synthesis process and the
intermediate pressure relief equipment:; most of this gas
mixture is supplied to the argon plant, while the excess
goes to the mixed gas station -mean flowrate 200 m3/h,
calorific value: SEG
4.7 kWh/m3, REG 3.6 kWh/m3

- natural gas (EG) is fed in by a TEG/EG ratio control device,
to keep the calorific value of the mixed gas more or less
constant; .
mean flowrate 590 m3/h, calorific value 10 kwh/m3.

This mixed gas supplies the mixed gas demand in our works:
around 95000 MWh per year. The users are: the lime mills
(building 403), the gypsum drying facility (building 424), and
the ammonium sulfate drying facility (building 424).

Accounts are made up and invoicing is down once a month for
mixed gas production and consumption; this also applies to

checking the calorific values.
E) Steam

Tne production steam needed for most of Chemie Linz AG's
products is produced mainly by utilizing process heat to
generate steam. In the winter months, with space and ancillary
heating systems in use and increased demand for products
making in which steam is ccnsumed, demand for steam is high,
SO a steam boiler must be opoeratszd from November to March; by
contrast, a surplus of steam of more or less the same exists

in the summer months.
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Since the various sources of waste heat used to generate steam
do not have anything like a consistent temperature level, the
steam pressure at the various producers diffe.s considerably.
Transporting the steam generated therefore involves several

steam pipe networks, with a total length of arourd 18 km.

Chemie Linz AG possesses pipe networks for the pressure le-

vels:

1.

25 bar

producers:

nitric acid jplant

Wamser boiler

approx. 44 t/h
up to 65 t/h from

natural gas

consumers: urea plant at most 44 t/h
ammonium nitrate plant 1.5 t/h
concentrated nitric 2.5 t/h

20 bar

producers:

acid plant

single-train plant

boiler house (bldg.110) 2 x 10 =

supply from VOEST-Alpine

5 to 17 t/h
20 t/h from
oil or natural gas

up to 25 t/h.pa

consumers: melamine plant 8 to 14 t/h
fibres and no-woven 0.8 t/h
pressure gasification
(only if faults develop) 17 t/h
heating in buildings 1 to 6 t/h
VOEST-Alpine Linz 5 to 18 t/h
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3. 7 bar
producers: pressure gasification:

1.1 t steam/t N 19 to 22 t/nh
sulfuric acid from crude
sulfur: 1.1 t steam/t
H2S504 9 t/h
MSA . 5 t/h
phthalic acid anhy- )
dride production 4 t/h

' nitric acid plant 27 t/n

consumers: ammonium nitrate plant 15 t/h

urea production 3 to 10 t/n
_ammonium sulfate 3 t/h
,/ pharmaceutical product. 4 to 6 t/h
/s pesticide production 4 to 7 t/n
phthalic acid ester
plasticizers 3 t/h
fibres and non-wovens 3 t/h
heating, other users 5 to 15 t/h
4. 3.5 bar
. producers: urea plant 0 to 3 t/h
consumers: melamine plant 0.5 to 3 t/h
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5. 2 bar
producers: pressure gasification:
0.4 t steam/t N 4 to 7 t/h
ammonia plant:0.6 t
steam/t N 14 to 22 t/n
. consumers: melamine plant: 3 t
steam/t 6 to 12 t/h
ammonium sulfate 6 t/h
production
/' boiler feedwater

y production 3 to 8 t/h
gas p lant: 0.5 t steam/
t N 3 to7¢t/h
nitric acid plant 1.5 t/n
pesticide production 3 t/h

heating in buildings,
other users 5 to 10 t/h
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Metering

Steam flowrates - both at all producers and at most consumers
- are measured by means of orifices, with corrections made for

pres—-sure and temperature.

The measurements are evaluated every day, and the results
stored in a data bank. The steam consumption for all space and
Eack-up heating systems (if not already measured) is worked
" out by means of a summing graph as a function of the outside

temeprature each day.

Constructing a summing graph on the basis of installed heating

ca-pacity

/ Before a heating system is installed in a building, the heat
out-put required is calculated exactly, taking insulation,
location, window size etc. into account, and the heating
scaled accordingly. Hot steam consumptibn can then be calcu-
lated from installed heating capacity and the outside tempera-
ture.
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E.g.: installed heating capacity 120 kW for -200C

- iy - - -

538 KW

201
Ol
' CJ
-20° z0° 4]'0
3 | outdoor temp.
increase in demand per oC = 420 Kw/ = 3 1/3 kxW/oC

heat required at 0oC = 3 1/3 x 16 = 53 1/3 kW

demand formula: (53 1/3 kW - 3 1/3 kW x outside temperature 16) x
24 h = kWh per day

If the heat required by several buildings is to be calculated, the
individual values can be added together, e.g.:
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summing formula: (133.33 kW - 8.58 kW x outside temperature 16) x
24 h = total kWh per day

Days multiplied by measured and computed steam consumption
account for around 97% of total steam consumption; leaks from
pipes and other quantities of steam worked out only once a

month account for the remainder.

As the gquantities of steam measured are compared with the

" corresponding production volumes and/or quantities of raw
material is used, mistakes in invoicing for steam can be dealt
with immediately - and wateful methods of operation identified
without delay.

Increased steam wastage, e.g. leaks from valves, excessively
low setpoint setting at blow-down devices, are revealed by

comparing consumption and generation.

Apart from the steam pressure levels and networks described
above, steam systems with pressures of 135, 115, 40 and 38 bar
are also in internal use to drive turbines and as process

steanmn.

This volume of steam, which is of the same order as that
consumed in the various steam mains networks, is also measured
on the generation and consumption side; however, the resulting
data are used not so much to track down steam wastage as to
optimize operating procedures, i.e. improve the thermal effi-

ciency of the plant.

44




| chamserv

CONSULTING GESMBH

Making use of surplus steam

In the summer months a surplus of steam up to around 10 t/h
currently occurs. The question of how to make the best use of
this steam is continually being discussed with the production
teams iIn questions and with the marketing department, and

suitable projects drawn up.

At Chemie Linz AG the following ways of utilizing steam exist
. or are planned:

- Electricity generation in condensing turbines, e.g. 7 to 17
t/h (approx. 5 mW) in the single-train plant, and 4 to 6 MW
// (depending on procedure) in Enns (condensing turbine with

y moving tapping)

- Production scheduling, i.e. allocating the bulk of produc-
tion involving heavy steam consumption to the summer months,
to the extent that storage capacity and marketing situation

permit this (e.g. melamine)

It is also worth considering throttling back production acti-

. vities which generate steam (e.g. nitric acid, sulfuric acid).

- Installing steam-heated air preheaters to dry products and
thus primary energy (e.g. NPK fertilizer and lime/ammonium

nitrate plants)
- Supplying waste heat to district heating facilities and

suitable industrial plant users who need steam for their

production
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A facility also exists for supplying steam to/taking steam
from VOEST-Alpine via connecting line. Chemie Linz AG is
entitled to take small amounts (1 to 4 t/h) of steam needed at
short notice - beneath the minimum load level for the boiler -
or alternatively supply excess steam (4 to 10 t/h at 20 bar)
to VOEST-Alpine Linz. As the steam taken from outside costs
considerably more than the steam delivered outside (only eva-
luated for generating electricity), the supervision center
monitors the shared metering facility, so as to take approp-
. riate action if steam is taken from outside over a long pe-

riod.

- Starting up a boiler feedwater turbine (building 214) to
/ save punp electricity. The steam fed in is reduced in pres-
sure from 7 bar to atmospheric pressure.
Here provide a brief survey of ways in which waste heat is
Chemie Linz AG:

we
used at

- Waste heat boiler in the pressure gasification facility: 2

bar, 7 t/h, using the contact heat

. - Waste heat boiler at Enns: 42 bar, 26 t/h to generate elec-

tricity, using the flue gases from an incinerator
- Adding a downstream heating surface to improve the efficien-

cy of an oil-fired steam boiler at Leifa in Neumarkt: 12
bar, 2 t/h - or new bouiler (planned)
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-

- Using the condensation heat of a column head product to heat
up a vacuum column (acrylonitrile plant in Enns: approx. 6

t/h of steam can be saved: planned)

- Process modifications (urea plant, single-train plant, pres-

sure swing adsorption: planned)

- Various air preheaters: with surplus steam (NPK fertilizer,
lime/ammonium nitrate: planned with flue gas (melamine,

. acrylonitrile: planned)

preheating condensate and boiler feedwater

The possibility of using heat pumps or ORC systems must be
/ checked from case to case to see whether it makes economic

sense in the light of the existing price situation.

In all case it is vital to carry out a systematic search for

suitable sources of waste heatl!

Reducing heat dissipation by providing more insulation

At a cautious estimate, the Chemie Linz steam networks dissi-
' pate radiant heat to the tune of AS 5 to 8 M per year, at a
steam price of around AS 200,--/t. Since the insulation thick-
ness have not changed over the last 15 years (works standard),
US-ES mooted the idea of responding to greatly increased
energy costs by providing thicker insulation to the extent

that this makes economic sense.
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An investigation revealed that increasing the insulation-
thickness by 30 to 50% on average, in order to reduce energy
losses, is a paying proposition. As a result, the relevant
standard was revised accordingly.

Statistical checking method to monitor energy consumption

Statistical methods can be used evaluate the effects of any
. given measure taken (e.g. starting up a facility to utilize
waste heat). In such cases graphical methods are very suitab-
le, as they reveal the essential elements in a form easily

appreciated, and are easier to grasp than extensive table of

/ data.

As an example, we present a comparison between unit enrgy
consumption in our Enns works (propylene, natural gas, elec-
tricity) and unit propylene consumption. While unit propylene
consumption has been steadily reduced by means of process
improvements, starting up the waste heat system produced a
significantly greater production in unit energy consumption
(intersection of the 2 plots).
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CO02 liquefaction plant

This C02 liquefaction plant with a capacity of 5 t/h is si-
tuated 1n building 219.

There are two lines for 2.5 t/h each. The area occupied is
1500 m2, including space for a third line. The plant belongs

to Fa. Klara; Chemie Linz is responsible for running it.

The start up of the plant was in 1982, the erection time 2
years.

The cost of this plant was 70 million S.

/ Process see process flow sheet
C02 saturated with H20 vapor from the Benfield system of the
ammonia plant at 850C and 1.1 bar is cooled to 300oC. A com-
pressor condenses the gas to 15 bar. In the molecular sieves
bevond the gas is dried (dew point =700C).

The ligquefaction is carried out with an ammonia refrigeration
circuit. The cold HN3 gas (-380C) is compressed by a screw-
‘ compressor 3nd then reliquefied. Components such as nitrogen
and hydrogen which stay gaseous in the CO2 condenser, are
removed by expansion. So purity is very high (99.99%). This is
the quality you need for using in the food industry. Now the

liquid CO2 runs down in a vessel with a capacity of 75m3.
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Pumps transfer the pure cabon dioxide to 3 storage vessels.
Each vessel has a capacity of 250 t. The carbon dioxide is
stored at -350C and 15 bar. CO02 is loaded in road or rail

tankers as required.

In case of having hard orders for using CO2 in provisions
(food industries) we must be very careful by loading and we

must make mnany analysis.

. The stringent requirements of food processing make clean,
conscientious working essential, particularly as regards loa-

ding in tankers, and also necessitate an expensive and compli-

cated analytical program to ensure product purity.
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ARGON PLANT

Planning, design and erection of the argon plant took 18
months. The operating area is about 600m2. The total cost were
about AS 80 M. This plant belongs to Linde, Industrial Gases,
Austria, and is operated by Chemie Linz AG under contract.

A plant to extract argon from depressurized synthesizer gas
has the advantage over air separation plants that the equip-
ment operates non-stop, so that argon is continuously extrac-
ted on a defined scale, whereas argon production is a function
of oxygen production in the case of the air separation pro-
cess.

Argon is used as an inert gas for argon arc welding, for
annealing metals, for manufacturing of electronic components

and as a purge gas for cleaning molten metal.

The plant produces 6900 tonnes of argon per year from the
wiste gas from the ammonia synthesizer which is used to be
burned. The components of this waste gas argon, nitrogen,
metnhane and hydrogen. The gas is processed in a low-tempera-
ture process ir. which temperatures of -190oC are obtained. So
before the gas 1is cooled down it is dried with molecular
sieves. In the subsequent liquefaction step hydrogen gas is
extracted. Methane, nitrogen and argon are separated by di-
stillation. The by-products methane and hydrogen are processed

for ammonia production.
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The extracted argon with a purity of 99.999% is stored as a
liquid in a vacuum insulated tank at a temperature of -1830C.
This liquid argon is then filled into road tanksers and con-
tainers. The low temperatures for the process are obtained
with a nitrogen circujt incorporating a compressor an expan-
sion turbine and heat exchangers. Due to extremely low tempe-

ratures, special care was taken with the insulation of the

. pipelines and containers.
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JOB PROCEDURE

Enqguiry (from inside our company or from outside)
Estimate - cost and time
Quotation

‘ Comparison of prices

for new items, very large maintenance jobs

Order (fixed prices)
’ costs are booked to costcodes (plant, division)

/s and to costcenter workshop (tools, labour)

Procurement of material and labour
stores
purchasing dept.

hiring of workers

. Execution of work
cost: cost bills

cost accounting bill
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MIG - MAG
WELDING EQUIPMENT

With a mig~-maqg machine, all-metal wires cf 0.6, 0.8, 1.0, 1.2

rm @ are welded under: .
. Co2 for carbon steels

mixed gas Corgon 2 for low-alloy steels

argon : for stainless steels, Alu Sl

This system enables us to weld low-alloy steels, stainless

steels, aluminium and aluminium alloys.

Equipment: three-phase transformer with constant voltage

characteristics——3p silicon three-phase bridge rectifier.
Welding current———3direct current (D.C.)

Both processes frature filler metal electrodes, bare wire

. being machine fed from a reel to melt in its own electric arc.

Only D.C. welding sets and rectifiers with constant voltage

characteristics are used (generally: electrode (+) Pol.)
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Owing to its high efficiency this process is used to an ever-

increasing extent for welding steels.

Wive Z:

0.3 mn —> desposition rate kg/h —— 1.0 - 3.7 .
1.0 mm — " —>» 1.2 - 4.0

1.2 mm— " —> 1.8 - 4.6

1.6 mm —>» " —> 3.2 - 6.2

2.4 mm—> " . —> 8.0
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WIG - TIG

WELDING EQUIPMENT

TIG process:

Its source of heat is the electric arc burning under a shield
of 1nert gas. Electrcdes are either straight or rhenium

alloyed tungsten.

The shielding gas is either argon or helium. The gas shields
the weld puddle as well as the melting wire from atmospheric

action. Only D.C. welding sets and rectifiers are used in the

‘/ TIG process.

4 The application range covers sheet fabrication, high quality

root runs in tubing and plates. (Generally: electrode - Pol.)
Corrosion resisting steel D.C. -- electrode negative

High temperature and

creep resisting steels D.C. ~- electrode negative

Aluminium A.C.
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Principles

With inert gas shielded arc welding, a flow of inert gas

protects the electrodes and puddle from the air.

The electrode is either non-consumable and only carries the
. current and arc, or consumable and is fed constantly to

provide filler metal.

This difference accounts for the basic distinction between two

! types of gas shielded arc welding.

1 non-consumable electrode

Tungsten inert gas (TIG)

2 consumable electrode
Metal inert gas (MIG)

Metal active gas (MAG) if gas mixtures are used
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WELDING CONSUMABLES AT CHEMIE LINZ
COATED ELECTRODES FOR MILD STEEL

make: Bohler AWS description - base metal
grade: Bohler

FOX ETI E 6013 heavy titan coating, designed for all °
positions except vertical down;

. mild steels and pressure vessel steels,

up to 33 tons/sq, in. min tensile strength

FOX SFE ~E 6013 heavy titan coating, for all positions
except vertical down; high quality weld '
in structural steels, storage tank, pipe
welds mild steels and pressure steels up
to 33 tons/sq.in. |

FOX HL 130 Ti E 7024 titan / iron powder coating designed to
give about 130% metal recovery; mild steels
and pressure vessel steels, up to 33 tons/
sq.in. min tensile strength

FOX HL 150 Ti E 7024 titar / iron powder coating designed to
. give about 150% metal recovery; mild steels
and pressure vessel steels

FOX EV 50 E 7018 heavy lime-coating type, designed to pro-
duce high quality welds; mild steels and
pressure vessel steels

FOX EV 60 ~ E 8016-Q Mn-Ni alloyed lime-coated electrode; can
be used in the temperature range - 80°C
—y + 400°C
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ELECTRODES FOR WELDING HIGH-TEMPERATURES STEELS

make: Bohler AWS description - base metal
grade: Bohler

FOX DMO Ti E 7013-G | Mo alloy titan -coated electrode;mild"
steels, pressure vessel steels and 1/2%
’ Mo steels. up to 510 N/mw® min. tensile
strength
FOX DMO Kb "| ~ E 7018A1 | lime coated
FOX DOMS Ti E 8013B2 | Cr-Mo alloyed titan coated electrode;
// 1% Cr - 1/2% Mo high-temperature steals,
/" can be used in temperature range up
to 550°C
FOX DOMS Ti E 8018B2 | lime-coated
FOX QM2 Ti E 9013B3 [ 2 1/2 % Cr, 1% Mo alloy . titan coated
electrode
FOX M2 KB ~ E 901683 | 2 1/2% Cr - 1% Mo high-temperature steeld
up to 600°C
‘ FOX QM5 Kb E 502-15 | 5% Cr, Mo alloyed lime-coated electrode

5% Cr - 1% Mo high-temperature steels
up to 600°C

FOX IN9 Kb | = —eeee- lime-coated, 3% Cr, Mo, V electrode
Cr,- Mo-V steels for hot hydrogen servicg

ROX N 16/13 | = =memeee lime-coated electrode
16% Cr - 13% Ni+Nb high-temperature
steels
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ELECTnODES

AUSTENITIC SPECIAL PURPOSE ELECTRODES

make: Bohler AWS description - base metal
rade: Bohler

FOX SAS 2 E 347-15 lime-coated electrode
18/8 Cr-Ni steel, temp. up tc 400°C

ROX SAS-A ~ E 347-16 titan / lime type coated electrode
18/8 Cr-Ni steel, temp. up to 400°C

FOX SAS 4 ~E 318-15 lime-coated electrode
18/8 Cr-Ni-Mo steel

FOX SAS 4-A ~E 318-16 titan / lime-coated electrode
18/8 Cr-Ni-Mo sceel

FOX EASN 25M - a low carbon, lime-coated Cr-Ni-Mo
type; used in urea plants (mat.n°.
1.4435)

FOX A7 ——— a lime-coated electrode for the joint
welding of dissimilar steels

FOX AN -——- a lime-coated electrode for the joint

welding of dissimilar steels

FOX CN23/12M0-A

~ E 309MoL-16

titan / lime-coated electrode for welds
to join austenitic stainless and car-
bon steel |

e

FOX N 29/9

~E 312-16

universal-type coated electrode for
welds to join dissimilar, high tensile
steels |
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FOR HARD SURFACING

INERT GAS WELDING WIRE

make: Bohler AWS description - hardness

grade: Bohler

FOX DUR 250 lime- coated electrode for hard and
tough buildups,hardness~250 HB

ROX DUR 350 lime-coated electrode for wear-re-
sistingbuildups, hardness ~340 -
440 dB

FOX DUR 600 lime-coated electrode
hardness: 54 - 58 HRc

Antinit cast, ground rod for hardfacing

Celsit 50 Nb sealing faces on valves
hardness: ~45 - 48 HRc

FOX Celsit VHL high-efficiency, alloy powder,titan
coated electrode with drawn core
for contact face buildups in gas,
steam and acid service
description

Xuper 2240 Castolin electrode for grey cast iron

Inconel 182 for shielded metal-arc welding of

(coated electrode) Huntington Inconel Ni-Cr alloy to itself or
to stainless or carbon steel. For

Inconel 82 Huntigton joining disimilar alloys such as

(alloyed wire) austenitic and ferritic steels to
each other and to high-Ni alloys

Silox S2 Ogussa ‘gas welding rod for grey cast iron
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FILLER METAL FOR INERT GAS WELDING
make: Bohler AWS description - base metal
grade: Bohler
BK 6 ER 70S-G a copper coated wire for MAG welding
under CO, or mixed gas; mild steels
’ and pressure vessel steels
DMO-IG . E 70S-GB copper-coated, Mo-alloyed wire; mild
steels, pressure vessel steels, up
to 500°C
// DOMS-1IG _ E 7CS-GB copper coated, Cr-Mo alloyed wire;
/ 1% Cr - 1/2% Mo high-temperature steels

up to 550°C

SAS 2-1IG ER 347 bright drawn wire
18/8 Cr-Ni steel

SAS 4-1G ER 318 bright drawn wire
18/8 Cr-Ni-Mo steel

‘ N 29/9 1G ER 312 bright drawn wire for problem steel
welding and building up on hot work
tools, and for joining stainless to

carbon steels.
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GAS WELDING RODS

make: Bohler AWS description - base metal
grade: Bohler
‘ BW VII RG 45 a copper-coated, carbon steel wire,

low carbon steels
fluid puddle

BW XII RG 60 a copper-coated, Ni-bearing wire

7 viscous puddle
/ low and medium carbon steels
MO RG 60 a copper-coated Mo-bearing wire for

oxy-acetylene welding

medium carbon and low alloy steels;
pipes.

DCMS RG 65 a copper-coated, Cr-Mo alloyed rod;
1% Cr - 1/2% Mo high temperature
. steels, up to 550°C
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INSPECTION

Law on inspection
Technical regulations

Inspectors nominated by head of province or county
officers of county

technical supervision association - TUV

Field of inspection

All pressure vessels (1b)
steam vessels (0.5 b)
pipes
valves
lifting devices
cranes
hoists
lifts
safety valves

refrigeration plants
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(INSTRUMENT

DEPARTMENT)

|

1 Technician
| Valves

1 Supervisor '
B

5 Workers

1 Groupleader
Panels

[ 2 Workers

Machining

5 horkers

— RS S
1 Supervisor
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r—ﬁdlnt _Eng. ‘
T
1 Foreman
Dlstcht 2
'1_T§chn1c an__ |

'3 Groupleadpr
116 Workers |

!1 Technician

Pelghlgg
1 Groupledder

[ 1 Munager |
Department. FW
_—l 2 Office
. o Employces AJ _

’1 Manager | [1 Manager [T Manager
‘Projects ' | Workshop  — |Field Maint. _l
T e G T orie ) Torkdion B [Horka -1

‘ 1 Workshop ‘1 Workshop Eng.| l! Workshop Eng 1 Technician
1 Englnnar Office Pneunat + F.M. | |Electr. ______1_h_~
' Proj. + Develj 1 Jesigner [ I i1 Foreman
2 Technicians| 3 Workprepar. |1 Techn1c1an‘.j 1 Foreman District 1 _

_ . | Control B Pneuma; 1 Technician
i Engineer | 3 W Workers ; 7 _Workers 2 Groupleaders
Proiects 1 Technician | 11 Workers

1 1 Technician "Offi1ce Machin. j:1 Technician [T

1 ' 2 Technicians_: Fine Mech. 1 Foreman

| 1 Engineer !2 Workers .5 Workers Assembling
Projects 1 Technician

I 1 Technician I Foreman f 4 Groupleaders

iMeghﬂMﬂQrkshop 6 Workers
4 Workers !
1 Foreman
1 Technician Analytic
Devices |2 Technicians
7 Workers 9 Workers |

{5 Workers .

I

ﬁ Maint. Eng.
i

1 Foreman
District 3
1_Technician
4_Groupleaders,

21 Workers
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TME - SHIFT AND STAND-BY SERVICE
Permanent 1y present 7 days stand-by service additional "analytical gervice | Weekend and holiday | QUALTFICATION
(call with "fault {call via "guide Sat., Sun + Holiday, 3" in stand-by service
number'') office") the plant of eng. (call
via ‘'‘guide office")
T 3
! Sﬂl}f(" :l J] WAGE RECEIVER
worker WITH GOOD KNOWLEDGE
OF LOCATION - FUNCTIOM
e engineer ENGINEERS
- .
x stand-by service ~
plant group
|

'Sat. su. Holid. _
Sh in plant

SHIFTERS ARE GIANGED YEARLY AND SPECTALLY

for district 1

: Tgfplant group
*—1 1 for district 2

y plant group ]
for district 3

4] weighing Nl

_jmachine experts 2B

- —

1k

1 — - .

—_— L i
= ==

analytical experts ﬂ]-]

additional
analytical service

IN FORMED BEFORE SERVICE

jill

IN SHIET

(HANGE OFF STAND 8y SERVEICE AT TUESDAYY 6h) SCHEDULE FOR 6 WEEKS IN ADVANCE

INFORMATION FROM "CGUILE OFFTCE™:

VA TELEPHONE ) WIRELESS, TAXI

group

foremen, group leaders
and manual workers

with in-depth knowledge
of their plant areas
and/or their speciali:zed

manual workers in
analytical service group
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THE ENGINEERING DEPARTMENT OF CHEMIE LINZ AG is a section of the
TECHNICAL DEPARTMENT (T)

TECHNICAL DEPARTMENT

—_

[ [ 1 1
. TKB THW TBW TME
Engineering .| Workshop, Architect. Instrument
Dept.(and Con- rection Dept. Dept.
struct. Office)J
K — [ T |
7
TEL TMP TRV
Electr. Dept. Material Test. Technical
Dept. Rev. Dept.
TVE TLT
Transport Laboratory
. Dept. Dept.
TKB - Fnaineering Sections
[ TKR-RL - Piping Section B
— TKB-NR - Standard Office l
TKB-KN - Cost control and time control
(network)
*{7TKB - Pump Section
F -
—{ TKB - Model Section |
— - TKB - Copies Workshop |

ORGAYNIZATION SCHEDULE -- TE CHNTI CAL DEPARTMENT
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Managing Committee

!

Planninag Department

J

l Engineering Department

I}

Activities of the Engineering Department:

Basic Engineering

Aesian basis (see C02 liquefaction)

basis data of the process (e.g. melamine of urea guide)

process flow diagram (see CO2 liquefaction)

material balance

plot plan

process P and 1 diagram

time schedule (CO2 liquefaction and urea plant)

nroject medium
descriotion of
l1ist of motors
snecifications

specificatilions

key

the plant

and

for the machines and apparatus (e.g. V - 340)

for the instruments

data sheets (A/B 6)

costing for the project
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Detail Engineering

P and I flow diagram (see CO02 liquefaction and instrument
symbols)

quotation for machines, apparatus, pipes, etc.

crders for machines, apparatus, pipes, etc.

plant model

pipework lsometrics

measuring and regulation (control) diagram

checking of the orders

checking of the workshop drawings

orders for erection

manual handbook

commissioning and test run

control of the project costs and control of the time schedule

(e.g. melamine plant, urea plant)
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INSTRUMENT SYMBOLS

===z=c==s=zmz==z====
the letters mean:
in first place in second place in third or
subsequent
place
A analysis alarm alarm
B conduction controller controller
D specific gravity - -
E - element -
F flow rate - -
G - glass -
H remote control by hand - -
I - indicator indicator
L level - - ;
M moisture - - i
P pressure - - i
R - recorder - i
S number of revolutions circuit circuit ;
T temperature - - |
\Y viscosity - valve ;
w weight shell -
|
plus: |
d ... difference AH ... alarm high ?
h ... mech. thermometer AL ... alarm low i
r ... proportion :
pH ... pH value ’
Q ... counter .
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SCOPE OF SUPPLY FOR EXTENDED BASIC ENGINEERING

The following documents will be supplied according to a time
schedule to be agreed upon for the procurement, construction and
acceptance of the plant and its elements. All documents will be
Xept up to Axte and will be elaborated in German language (pos-
sibly English) according to the metric system (international
svst2n of units acording to DIN 1301). Symbols or designations
shall correspond to Chemie Linz AG standards, to Austrian stand-
. ards or DIN standards with respect to the Chemie Linz AG short
designations. Doguments will be submitted in the form of prints

and one reproducible each.

P) Process Flow Diagram with quantities of the materials and
their composition within the different phases of the process,
operating data, thermal balance, consumption of raw materials
and enerqgy yields. Above data will be indicated for minimum,

normal and maximum throughput description of the process.

b) Draft layout indicating platform loads (forces, weights and
moments) and ceiling break throughs, according to which con-
struction drawings can be prepared. Final installation dra-

. wings, foundation drawings, indicating weights, forces and

mnoments.,

c) Piping and Insctrument Flow Diagram with all process and energy
pipe networks comprising all machines, apparatus, fittings as
well Aas measuring and regqulating equipment. The diagram will
be established in such a way that the relation between process
flow AdAiangram, installation drawings, model, isometrics and
measuring and regulating diagram will be clearly shown. As far
as possible the dimensions and levels of apparatus and ma-
chinery will be shown according to scale. Material data lists,

media codes, classifications for pipework, fittings and seals.
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d) Specifications (descriptions and dimensional sketches, data
for the pipe connecting sockets, i.e. quantity, nominal widths
and nominAal pressure, material, static and dynamic loads,
permissible loss, amounts of heat, temperature, pressure and
the like) for all machines and apparatus including required
steel structures herefore, if any, to permit relevant design
drawings to be prepared and/or the equipment to be built.
Workshop drawings with parts lists of equivalent documents
with apparatus data or apparatus details for equipment which

. require special design.

e) Plant model on a scale of 1:25 (details possibly 1:10} con-

sisting of structural framework with stairs, platforms and

/ ladders, all apparatus and machines, pipe bridges, process and
energy pipework, main routing of measuring and regulating

lines as well as of electric cables.

f) Pipework isometrics with parts lists for all pipelines with
fitting lengths in all three levels. Indication of sliding and
fixed points and/or determination of pipe supports indicating
static and dynamic values as far as they nave to be specified
hy the engineering company. Determination of pipe connecting
sockets on the apparatus in plan form with level indication.
Provisional list of materials at the beginning of planning for
the complete pipework including fittings and accessories.
Specifications for special pipe material not yet included in

the dAocuments of Chemie Linz AG.

g) Specifications for insulation and painting of machines, appa-

ratus, pipework and steel structures.
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h) !Measuring and requlating (control) diagram with specification
list for the measuring and control devices with indication of
nominal values, measuring and requlating (control) range and
relevant permissible deviaticns, information on material
coming in contact with the media as well as indication of
physical values (pressure, temperature, density, viscosity,
etc.) safety settings for the requlating ard/or control fit-‘
tings, interlock diagram and alarms for the instrumentation of
process engineering. This documentation must be detailed

" enough to permit ordering of the corresponding equipment items.

i) Specification of electro-technical equipment.
Draft of distribution system (one-line diagram), provisional
motor list, power mains and lighting facilities. Summary of
/ critical points in regard to explosion proofing (drawing of

explosion hazard zones) control and interlock and alarms. !

k) Checking of our drawings and of technical order specifications
for all plant equipment from the process engineering point of

view.

1) Description of the plant, start-up and operating instruction,

" control and analysis procedures.

n) Commissioning and test run by competent persons of the engi-

neering company.




- B e

clnenserv N

CONSINTING GESMBH

Vsl s Vo 'll

TIME-TABLE FOR THE DELIVERY OF THE PARTICULARS
FOR AN ENLARGED BASIC ENGINEERING

Process Flow Diagram and process description - ' ssecas
Draf:t layout with waste gas and waste water .
varticulars - cesuns
Final installation drawing one month after receiving
‘ the last particulars - cesenn
Simple Piping and Instrument Flow Diagram
(Process P and I Diagram) - cveanse
Piping and Instrument Flow Diagram
(P and I Diagram) = cesses
“tedia codes, classifications for pipework,
fittings and seals - csosna
Provisional list of materials for the complete
pipe material - cesoce
Specifications for equipments with longer terms
of delivery (reactors, compressors. etc.) - crsees
Spocifications for equipment with the shortest
terms of delivery - ceense
' Plant model - ceeese
Pipework isometrics with parts lists - cesene
Specifications of the measuring and regulating
devices - esesee
Provisional motor list - ceese
Draft of the electric distribution systems - ceeees
Plan for explosion and hazard zones - cecass
Control and interlock diagram and alarms - cseecs

Start-up and operating instructions (operating

lnstructlon manual) - ® 00 000
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CHEMICAL WASHING (PICKLING) OF

1. Pi
2. N a
3. St

General:

pelines
tural Circulation Boiler

orage Tanks

At Chemie Linz all pickling treatments were done by a

pickling contractor:

Therm-Service GmbH
D-7035 Waldenbuch
Bahnhofstr. 34

West Germany

other contractors are:

Keller & Bohacek
D-4000 Diisseldorf-Rath
Liliencronstr. 64

West Germany

Deutsche Derustit GmbH
D-6057 Dietzenbach
Emil von Behring Str. 4

West Germany

Rohsler & Co.
A-1230 Vienna
Gebirgsgasse 24

Austria

—rrem—_—a
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ad. 1. PICKLING OF PIPELINES

a)

b)

Thrust through system

This method was used for the long pipes on the pipe bridges.
There the pickling solution {e.g. hydrofluoric acid) was in-
jected into a temporally limited water-flow.

Closed circuit system

This system was used for pipes temporarily connected to closed
circuits. See fig. 1.

All valves were left installed.

Hoses, pumps, mixing tank with steam heating and some valves

were contractor's account.

During the design of the pipes there should be a communication
with the pickling contractor to set the right nozzles and
flanges in the pipes for filling pipes with pickling solution.
So you can pickle the pipes every time again after repairing
the pipes.

Before asking a pickling contractor you should know the dia-
meter nominal, length, volume and the inside surface of the

pipes (area) you want to have pickled.

Before pickling all pipes ready have to be welded and water
pressurized. If you had not done this before there would be

new surface oxidation.

e e am . . A ——— =~ 7 —— - ———
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Performance procedures at Chemie Linz AG

a) flushing with water

b) degreasing in addition with ion-neutralized solution.
t = 60 - 80 oC

c) pickling with a solution of 1 % inhibited hydrofluoric acid.
t = 40 - 50 oC

d) stabilization.with a 0,1 % solution of citric acid

e) passivation in addition with ammonia and H202 until the pH of

etfluent was 10,2

£f) after drainage of the system the surface was dried and

prssurized with nitrogen

The effluent solution was neutralized with lime (Ca(OH)2) to the

required pH.

Time required

This procedure needed the following times (without preparation

time):

flushing - a) some hours
degreasing - b) 12 hours
pickling - c) 5 hours
stabilization - d) 14 hours

passivation e) 24 hours
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ad 2. PICKLING A NATURAL CIRCULATION BOILER

acets:

steam volume: 40 t/h
pressure: 42 bar
temperature: 450 oC

vclume of the water tubes: 22,5 m3

(without economizer and superheater)

Pickling by the auto-circulation system

The performance procedures were the same as described for pick-
ling the pipes with the closed circuit system.

7o have the required pickling speed, air was blown through lances
into the downcomers.

The auto-circulation is caused by inserting air-lances into the
tubes. The lances were taken through the upper water arum into
the tubes.

Pickling storage tanks (see fig. 2)

These tanks were pickled with a 4 - 5 § solution of cold hydro-

chloric acii.

Blowout of high-pressure steam pipes from the boiler to the

turbine (see fig. 3)

After chemical cleaning, the pipes were blown out with steam
which was generated in the boiler.

There we tried to achieve a high steam speed in the long pipe
(400 m/s). So we had good mechanical cleaning.
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STRESS ANALYSIS OF PIPING SYSTEM

Basic steps of calculation:

1.

9.

10.

Procedure of design starts with making a freehand isometric

piping sketch.

Spot preliminary locations of hanger or supports, locate
hangers at or near any concentrated loads (heavy valves,
risers,...). Pick up all horizontal bends, to prevent any
excessive owerhang. Hanger spacing must be close enough to
prevent excessive sagging.

Study building steel.

Check for interference (pipes, constructions)

Calculate distribution of weight - important to obtain zero

load at equipment flange.

Summarize hanger loadings.

Calculate distribution of expansion to hanger.

Calculate distribution of equipment movement.

Summarize movements.

Choose hangers or supports for loadings and movements.
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CHEMTIE LINZ MELAMINE PROCESS

3 2 2+ 3 3 3 3 K3t =T==== == = = -

PROCESS DESCRIPTION

Melamine, a raw material for the plastic industry, need to be
produced from calcium cyanamide via dicyandiamide, but is now

miainly produced from urea.

Chemiec Linz AG succeeded in developing a continuous process at
atmospheric pressure for the production of melamine from urea,
thus achieving technical progress and solving all problems satis-

factorily.

The Chemie Linz AG Melamine Process operates at atmospheric
pressure. The formation of melamine proceeds - in the same way
as with all other processes starting from urea - according to the

overall equation

6 CO(NH2)2 ----> C3N3(NH2)3 + 6 NH3 + CO2

The reaction is endothermic.

The melamine is produced in two steps. First, urea is thermally
decomposed into an equimolar mixture of isocyanic acid and am-
monia:

CO(NH2)2 -~-==> HNCO + NH3

H = + 780 kcal/kg urea (solid), endothermic reaction.

This gas mixture is diluted with additional ammonia and fed to a

catalytic reaction. Turing this second step the isocyanic acid is

converted into mel2mine and carbon dioxide.

cinemserv
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& HNCO —_———> C3N3(NH2)3 + 3 C02
E = - 714 kcal/kg melamine, exothermic reaction.

These separate process steps permit carrying out each reaction
within the optimum temperature range. Consequently the formation
of unwanted by-products is reduced to a minimum; and a recrystal-,

lization is not necessary.

Trke first reaction takes place in a heated fluidized sand bed.
There 1is practicially no abrasion and therefore the reaction gases
need not be filtered. The second reaction is effected in a fixed
catalyst bed. There is no contamination of the product gases due
to catalyst dust. Such contamination would necessitate filtration
and crystallization. The reaction heat is used for preheating
ammonia. The melamine formed in the catalyst bed is gaseous at
reaction temperature. It is condensed in a subsequent cooler,
where melamine crystals are formed in an aqueous suspension. The
remaining ccmponents of the reaction gas mixture can thus be

separated from the suspension very easily.

The melamine can be easily separated from the mother liquor by a
centrifuge or a filter. Due to thic wet separation and the subse-
quent 3rving melawmine with high bulk density is obtained. High
bulk density is an advantage for storage, transport and further

processing.

According to the overall equation 2.86 toas of urea are theoreti-
cally needed for the production of ovne ton of melamine with 0.81

tons of ammornia and 1.05 tons of curbon dioxide as by-products.
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As the {ormation of melamine from isocyanic acid has a vyield of
91 - 95 ¢, 3.1 tons of urea are required to produce one ton of

melamine in practice.

The unreacted isocyaniec acid is hydrolized into ammonia and

carbon dioxide or formed into urea.

PROCESS DESCRIPTION OF A MELAMINE PLANT

If the urea to be treated is available in solid form this is
first melted with steam (1,2). If urea is available in liquid
form there is of course no need to melt it. The melt 1s delivered
to the decomposer (3) by pumps. The heat required to decompose
the urea is obtained from a circulation salt bath which is main-
tained at the right temperature. The reaction takes place in a
sand bed reactor, fluidized with hot ammonia. In the decomposer
(3) a gas mixturr, consisting of isocyanic acid and ammonia, is

formed. This is delivered to the catalyst reactor (5), where the

(e

socyanic acid is converted to gaseous melamine, and carbon

dioxide is set free. The reaction heat is used to preheat ammonia.

The mixture of gaseous melamine, ammonia and carbon dioxide qoes
to the separator (6) where fine crystalline melamine susrended in

water is obtained by direct cooling.

Due to extraction of heat by water evaporation the separation
gases entrain water vaporous. A great part of this water vapour
1s condensed in the following off gas cooler {(7) ard returns to
the separator (6). The off-gas is sent to the off-gas treatment

unit.

The suspension from the separator (6) is pumped into a collecting
tank (8) and cooled via cooler (9), whereby part of the dissolved

melamine crystallizes out.
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The suspension is pumped to the centrifuge or filter (10) where
melamine crystals and liquid are separated. The mother liquor is
recirculated to the melamine separator where it serves as a

conling agent.

To obtain the desired mcisture in the final product the melamine
from the centrifuge or filter is dried in drier (11). The cooling
zone in the drier cools the melamine so as to be suitable for
storage.

The sieve (12) and mill (13) beyond enable removal of agglome-~

rates formed in .the drier.

The product from the drier is ready for sale. It is weighed (14),

bagged and stored.

Off-gas utilization

The off-gas consists of carbon dioxide, water vapour, inert yases
and a lot of ammonia. The major part of this ammonia was fed to
the catalytic reactor in the synthesis for the fluidization. The
minor part was set free during reaction.

There are different alternatives available for utilizirg the off-

gas and mother liquor economically.

The following possibilities may be mentioned:

a) Separation and return of the ammonia from the synthesis and
absorption of the residual off-gas to produce an ammonium
carbonate solution. Th:.s carbonate solution can be delivered
to fertilizer plants for conversion into ammonium nitrate,

ammonium sulphate or ammonium phosphate.
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Wwhen passing this ammonium carbonate solution to an urea plant
consideration should be paid to the fact that the hight per-
centage of water reduces the efficiency of conversion into
urea.

An improvement is obtained through conversion of the ammonium
carbonate into an ammonium carbonate solution, thus reducing
the water rate. .

A better alternative would use a process, developed by Chemie

Linz and used in serveral plants.

b) Obtain an ammonium carbonate solution as in a) above and
separate this into ammonia, carbon dioxide and water, with
only marginal increase in investment and utility requirements.
Thus the melamine plant is independent of any other plant
because the pure ammonia can be exported in liquid form or

used anywhere.

PROCESS DESCRIPTION OF AN OFF-GAS TREATMENT UNIT

The off-gas goes to the ammonium carbonéte column (=NH3-separa-
tion, 21) where CO2 is washed out forming an ammonium carbonate
liquor supersaturated with ammonia. Thé surplus of ammonia is
conled and dried with liquor ammonia on the top of the column.
Tre bulk of this ammonia is compressedi(lG), preheated (4) and
returned directly to the melamine plant for re-use. A small part
of this ammonia stream is further comﬁressed (17), liquified
(13), separated from residual inert gases and fed to the top of
the ammonium carbcnate column (21).

The balance of the ammonia gas obtained at the top of the column
(21) leaves the plant and is available for further use in other
units. This quantity corresponds to the émmonia produced during

the melamine synthesis.

P
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The ammonium carbonate solution is stripped off from the free
ammonia in the NH3 stripper (15) and delivered to the lower stage
ot the CO2 stripper (19), which operates under elevated pressure.
In the lower steam-heated stage the ammonium carbonate solutioa
is decomposed. In the upper stage the NH3 is scrubbed with water
and the pure CO2 leaves the plant for further use. The ammonia
water obtained in the sump, which still contains slight amounts
of carbon dioxide, transfers its heat in the NH3 CO2 stripper
(20). A high proportion goes to the ammonium carbonate column
(21). The remainder is decomposed in the NH3 CO2 stripper (20).
Gases expelled in this column are recycled to the ammonium carbo-
nate column. The separated water can be uvsed as washing water or

purged.
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CONSUMPTION FIGURES PER TON (METRIC) OF MELAMINE

Consumption Expected
Urea (100 %) 3.10 t
NH3 liguid 0.3 t
Process water (condensate) 1.2 t
Catalyst
(2 years' 1life) 2.5 kg
Electric power 6 kV 500 kwh

. 500 V 280 kWh
Fuel 14.4 Gj
Steam 15 bar 3.0

6 bar 4.0

Cooling water 15 oC 800 m3
Nitrogen 5 bar 40 Nm3
Instrument air 40 Nm3
Compressed air 400 Nm3
Credit
NIi3 gas 1 bar 1.2 t
CO2 gas 20 bar
Condensate 5.0 t
Effluent
Mother liquor from recrystal 0.03 m3

with 1 kg melamine
20 g NaOH
90 g Na-ammelide
0.03 m3
Cooling water 800 m3




0 RGANISATION DEPT. AMH
A ... division A (agricult. chemicals)
T ... Enginssring
. ATH Manager
H ... high pressure plant Mr. Faschinger
Assistant
. Mr. Sturm ]

‘Draughtsman |
Mr. Hochholdinger
Secretary
Mrs. Weigl

| Chief Foreman
. Affenzeller
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- OF ™ ICE

e§

L

Mr. Windl |

e i |
Sorcnan for steam

aba water turbines
compr

cortrit. compr. !
.pvc tal water pumps

in the singie-train
unit old HP plant!

dept. 1n Enns \
1

i
! deputy foreman |
3 group leaders 1
4 fittars |

e ————————

The foramsn are allocated to defined jobs.

!
! Mr. Philipp

foreman for reci-
'procatlng comf.r.
in the single-trai

'old HP plant and
:other depts. in
our company

l

l1 deputy foreman

12 group leaders

% fitters

-

foreman for

HP vessels

in the NH, loop of
the s.t. énlt and
old HP plant

’

1 deputy foreman
3 group leaders
7 fitters

‘ F group leaders

—

| U
‘Mr. Affenzeller |
.foreman for HP
'steam system vessels
-with brickwork
vessels up to ,
140 bar o
'in the s.t.unit {
and old HP plant

Sk

\

‘ X

1 deputy foreman

fitters

Tha workers can be shifted between the 4 foreman groups if necessary.
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RESPONSIBILITY OF DEPT. ATH

aintenance of the existing ammonia single-train unit and old
H? plant in the best way (qood performance, low cost, stort

timel.,

Pr=v.rn<ing of :ccidents.
Jontrol of maintenance costs.

warking out of sbutdown programs.

Co-omeration with different departments concerning expansion
of 2xisting vplants and installation of new plants.

Good contact with production personnel and some central de-
pairtments (central workshop, electrical dept., instrument

dept., civil dept., design, safety, ..)

Srand-by service from Friday to Monday

1 engineer or foreman

2 fitters

S wma magres e
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HISTORY OF AMMONITA PRODUCTION PLANT (ATH)
1042: start of ammonia production at 75 000 t+ N per year
with 4 units, each with 80 t N per day
19462 expansion to 300 000 t N per year
1975: start up of ammonia single-train unit
design target: 200 000 t N/year
1978: 242 000tN/year (we had a general

overhaul lasting 6 weeks)

Du> tn good operation and good maintenance the percentage

running time of all our facilities is very high.

(100% = 365 days per year)

e. g.: reciprocating compressors 99, 5%

general revision every 45 000 hours = 5 years

. A L A G e s ST A e a—— " S ea——— o~ ——
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SINGLE-TRAIN UNIT MAINTENANCE

Desiga target for the unit:

N3,

ClhemsServ N

CONSULTING GES.M.B.H.

240 000 t/year NH3, i.e. 850 t/Aay

Fohruary 1975: start up of ammonia production

Production figures

1375
1076
1077
1978
1979
1990
193]

1932

200 099 t/year

262
290
294
334
291

239"

304

000
000
600
000
000
000
000

Aailyv production

t/year

't/year

t/year
t/year
t/year
t/year
t/year

NH3
NH3
NH3
NH3
NH3
NH3
NH3
NH3

now: 1 000 t NH3

For maintenance we needed:

hours

117
1
60
108
40
30
101
37

0ono
nnn
000
0Onn*
000
500*
500*
000

material (Mio. AS)

11.2
5.0
7.1

10.0*
1.6

* 4.8*

N

*
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=) 1972: first general overhaul

++) 1930: shutdown to replace catalyst in primary reformer.

**%)}199]: was the 2nd general revision

For this reason we needed:

hours

*) 67 000
**) 50 000
' *+x%)58 000

material (Mio.

7.0

S)

mhe investment cost for the single-train unit was about AS 500

Mio. in 1974.

On stream days: Syngas production

NH3 production

1975 280
1976 317
1977 335
1973 326
1979 362
1920 328
. 1981 328
1932 365

days
days
days
days
days
days
days
days

217
294
321
313
355
310
308
361

days
days
days
days
days
days
days
days

[
i
i
'
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DEVELOPMENT OF SYNGAS COMPRESSORS OF SINGLE-TRAIN PLANTS

Thae first Sinqgle-Train oilant (designed by Kellog) incorporated
synais centrifuaal compressors which were develoned by Clark.
Tho nressure in the ammonia reactor was fixed at about 160
tar. To resach such a pressure Clark designed compressors with

~uwo casts. The sneed was approximately 10 000 rpm.

To imorove the efficiency of ammonia synthesis it was neces-
sirv tO increase the pressure in the ammonia reactor. Nuovo
Pianone, BBC, Cooper—-Bessemer and Clark designed compressors

which reached a pressure of 320 bar.

One of the problems of high-speed centrifugal compressors is

their low weight, compared for example with reciprocating

comNressors.

The obipelines to and from the compressor have large diameters,

anil pressures are high.

Thorefoare it is very important to prevent forces of reantion
1ffecting the comnressor. This is also a very important point
far «+.am turbhinncs. The raaction forvce of steam pipeiinces is -
Oowirag to the hiagh temperature of steam (5000C) - very large.
Tw our nlant w2 4id not have satisfactory experience with
"nminrline carriers with springs” because the reaction force of

the soring depends on the sprinqg constant.

59 we envisaged carriers held by weights. This kind of car-
rying nipelines needs morc space, the advantage is to have

constant forces applied to the pipelines.

o
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EXPERIENCE IN SEALING THE 4TH STAGE OF THE JYNGAS-COMPRESSOR

Af-er having operated our syngas compressor for half a year we
h23 *a ta%e the compressor out of operacion due to increased
0il consumption. Removing the seals we noticed that the seals
on ~he reacvcle side were still intact but on the syngas suc-
tion sile the high-pressure sealing was damaged. The white

~5-1' was melte2d and the O-ring was embrittled.

Enclosure 1 shows how the seal consumption increases.
In ernclosure 2 the operating conditions of the seals are
shown.

A Arawing of the seals with dimensions is shown in enclosure 3.

Tn enclosure 2 it is c¢bvious that on 7.9, 9.9 and 12.9 the

s=al1 mnil +emperature TI 6025 had increased.

Exceot for this temperature no other disturbance was noticed.
™o result of analysis of the residuals found on the sealring
in the case of the compressor and in the automatic oil separa-
tar was that the residuals we-e not breakdown products of the

oil.

~hna rosiduals (zinc dithiophosphate) are produced in a reac-

tion between oil and ammecnia at the existing high pressure.

3 €e2r having repairad the compressor we had a seal oil con-

sumntion between 1 and 5 litres per day.

“h> ombrittled O-ring material was iron. But viton is not
resistant against ammonia and we changed it to Silikon with

SuUCC2SS.
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<o avoid the formation of zinc dithiophosphate Nuovo Pignone

made the following arrangement:

1. To install a connection between syngas discharge and ba-

lance qgas.

2. Thae pressure in the balance gas should be kept about 0.5-1
har higher than the syngas suction pressure. Through this
imnroveoment the pressure of ammonia in the reference pipe
1s reduced .

After having installed this connection pipe we did not have

anv AdAifficulties with the seals in the 4th stage. Care must be

taksn that the quench gas in the connection pipe has a tempe-

rature lyinqg higher than the dew point of the gas.

1f the temoerature is below the dew point the labyrinths could

be damaaed by erosion.

The arrangement of the quench gas pipe can be seen in enclo-

sure 4.
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TECHNICAL EXPERIENCE WITH THE BENFIELD SYSTEM

1. Low-pressure pumps P 401/402 for Benfield solution

Wwhaen starting our vlant we noticed that the low-pressure pumps
develcped a noise. We susg2cted the reason for this noise to
h eivitation.

Al-hough we checked the pump in the presence of Worthington

experts we could not find any indication of cavitation.

wWe insisted on the warranty being prolonged for a further year
hy Worthinqgton.
Worthington' s expert agreced tc this, and explained the no-

+*iced noise with circulation.

Anfore the extended warranty had elapsed we checked the impel-
ler once again very exactly, but no sign of cavitation was

found.
when we had to change the seal rings three months later we
noticed the first indications of cavitation - the back cf the

rladns were aalled.

Staens for snlving this problems

a) welling the galled surface with electrodes consisting of
hardfacing alloy,

b) introduction of 3 - 4 m3/h nitrogen into the sucticn pipe

of the pumps.
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e have two low-pressure pumps for Benfield solution. In the
suction pime of one of these pumps there are two elbow pipes.
At this punp we found cavitation only on one side of the
Aouble fluted imveller.

Th= suction side of the second pump is connected to a2 tee in
the main suction pipeline.

Lt this pump we found cavitation on both sides of the

irneller after only 4 200 working hours.

. Zur enaineering firm, Uhde, found out that the noise of the
puno disappeare@ when the pump was operated at 115% of the
normal flow rate.

When the flow rate was reduced the noise increased. This
/ symptom was also an indication that the noise was caused by

circulation.:

2.High-pressure pumns P 403/404

Wishing and cleaning our plant during start up revealed that
the seals were contaminated with dirt., So we had to replace

thom from time to time. i

After olant start up it was not necessary to chanage the
nackings for about one year. But after this time we had a lot
of nroblems with the Pacific scals. Sometimes we had to change
the rinas after as little as one week.

We found out that the spare rings supllied by Pacific were not
flat and full of cracks. '

e - e —————————— —— —n




Un till then the seal rings had been greased with Benfield

solution. Having such a lot of problems with seals we changed
the medium for greasing the seal rings and used condensate

with a tamperature of 65 - 700C.

Condsnsate of such a temperature is more qualified for grea-

sing seals than Benfield solution.

The nragsure of the condensate has to be a little bit higher
than the intake pressure of the pump.
To make this improvement it was necessary to install a conden-
sate cooler and a controlling system.
S5ince we started operating with this modification the seals

have to be changed approximately once a year.

J.Efficiency of the CO2 removal system

After having started our plant we Aid not obtain the efficien-
cy of gas purification gquaranteed by Uhde. After a lot of
difficulties investigations we found out that the bad distri-
bution of potassium carbonate solution was the reason for our
nroblems. By installing baffles we improved the distibution of
Tenfioll solution to the ceramic intalox.

The efficiency of purification increased after this modifica-
tiocn. Finally we installed two redistributers in our absorber

and reached the design efficiency.
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OPERATING INSTRUCTIONS - V 103

for a vertical, double-acting reciprocating compressor, with

zwo cranks, compressing gas in two single stages.

T=e omerator must be well instructed about the function of the

COTMRTISSOr.

A) Nesign dates

Medium: . natural gas

Flow rate: 37 000 Nm3/h

Suction pressure: 20.9 bar, adjustable

Discharae pressure: 46 bar

Snea: 495 rpm

Controlling system: automatic reverse flow regulation to

50 & of design gas flow

3) Starting up of the compressor

1. Inform the central command station of our company about the
start up of the compressor. Between two starts it is necessary
to wait 20 minutes after the first start because during start

0 the motor coils are heated.

2. Npen the coonling water main valve and also valves for the
cooling system of the different parts of the compressor,

(ste2el packings, cylinders, oil cooler).

3. Check the level of oil tank. If oil temperature is below

100C it is necessary to heat up with steam.

LA J
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4. Start auxiliary oil pump and check oil pressure, {minimum 2

bar).
5. Open valves in suction pipeline and in bypass pipeline.
Creck the suction pressure. VWith regard to the rate of suction

pressure see point C 1.

6. NDrain the condensate separators F 103 and F 104 (separator

in front of the compressor and after bypass cooler).
7. Open valves in discharge pipeline.
8. Start the motor and observe the oil pressure.

9. Switch off the auxiliary oil pump and check the oil pres-
// sure once again.

10. If everything is prepared the compressor is charged by
slowly closing the bypass valve and by means of the reverse

flow controlling system.

C) Overation of the machine

1. It is very important to take care that the difference in

nressure between discharge and intake is not higher than 27.4

bar.




Glhemserv

CONSULTING GES.M.B.H.

Therefore it is necessary to adjust the discharge pressure in

dependance of the suction pressure. For example: if the dis-
charge pressure is 44 bar the intake pressure may be 16.6 bar

as minimum.

The intake pressure should not be less than 8.8 bar, in this
case the maximum discharge pressure is 36.2 bar. The intake
nrassure should not be higher than 27 bar, it is important

that this maximum pressure is not reached.

2. Following points have to be checked periodically and must
be written in an operating book for instance every hour:
a) intake pressure (safety valve i3 set a 30 bar), discharge

sressure (safety valve is set at 46 bar)

») o0il oressure after cleaner

c) oil temverature after oil cooler

%) temperature of Aischarge

e) temperature of compressor bearings

f) termorature of motor

q) temperature of motor oil

n) temoorature of cooling air to the motor
i} temperature of cooling air from the motor

X} current consumption of the motor

3. Durinqg the inspection round every two hours following

points arc to be checked:

1) seal packinas for tightness

b) dArzining of separator F 103 and F 104

c)comnressor for knocking, grumbling and unusual noise of
the valves

A) level of the oil tank
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4. Cooling warer flow rate is to be adjusted not to exceed a

rmaximum temperature of 450C outlet.

5. The compressor is to be switched off immediately if

a)a bearing or a seal packing is overheating or if a seal
nacking leaks

b) lube oressureoil is less than 1.5 bar

=) if a knocking noise is suddenly heard or if the valves do
not operate properly

d) a safetv valve does not close after blowing down

D) Switching off the compressor

. Switch off the motor

2. Close valves in discharge pipeline
. Close valves in intake pipeline

4. Close cooling water main valve

5. If necessary purge compressor with nitrogen

E) General maintenance

Crankcase is filled with oil, type Mobil oil extra heavy, with
a viscosity of 60 - 83 ¢ St at 500C temperature. Oil leakages
have to be made good with the same oil type. If the compressor
d0es not operate for a longer period the compressor must be
turned by hand once a day. Before doing that the auxiliary

oilpump has to be switched on.




Important: The difference in pressure between intake and discharge may not be higher than 27.4 bar.

DATA

v 103

item Operat ing range Alarm/shut_down

Intake pressure PIALLHSL see point C 1 High: 18/10 bar
low: 28/- bar

Discharge pressure PIAHHSH max. 44 bar 45/52 bar
Temperature of discharge TIAH 110

TIAH 116 max. 110°C 130/-°C
0il pressure after cleaner PIALISL 113 2 -3 -4,2 bar 2/1,5 bar
Instrument air pressure PIALSL 221 7 - 7,5 bar 4/4 bar
Oil temperature after cooler TIALH 113 25 - 40°C Low: 18/-°C

high:50/-°C

Temperature of compressor TIAHHSH 107 45 - 65°C 70/80°C
bearing east
Temperature of compressor TIAH 111 60 - 70°C 75/80°C
bearing west
Temperature of cooling air TIAH 101 5 - 35°C 40/-°C
to the motor
Temperature of cooling air TIAH 102 25 - 60°C 65/-°C
from the motor
Temperature of motor bearing TIAH 106 40 - 65°C 70/-°C
Temperature of motor coils trah 104 60 - 90°C 105/-°C

HEW'S3O ONLLINSNOO
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DRAWING UP A PROGRAM FOR A GENERAL OVERHAUL OF A
SINGLE-TRAIN PLANT

1. Durina oneration of our plant all technical defects and
123%Xs 1r= reqgistered in a booklet. These defects do not make
1% necessary to turn off our plant but the next shut 4down of

the unit all these defects must be repaired.

' 2. Tha2 technical Aepartment evaluates the program for the
maintenance work to be done on tanks, boilers, coolers, ctc.
Tn 2 dis~cussion with TiV (technical inspection department) and
the material testing department the class of inspection is
dntarminerd,
The technical Adepartment is also responsible for the inspec-
/ tion of the machines. As a general rule, a machine which

orerates normally should not be openeAd.

Roefare A2ciding to open a machine or not, two consideration

shnuld he taken into account:

. a) By measuring the efficiency it is possible to recognize a
12font or wear for example on the labyrinths or on the balance

Avum,

b) Ry comparing the operation data with the data recorded at

the £irst start up of the machine, a conclusion.can be drawn

about the condition of the machine,.
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~herefore it is very important to reqgister all data recorded

afror the first start up of the machine very exactly.

The particular jobs which have to be done are ordered in

aqrouns (frAm 100 to 700, see enclosures).

Fvary work must be evaluated in regard to length of time and
t~ *ne number of required workers by a foreman. Afterwards 2
b~r chart showing the number of the necessary and disposable

. workers nust be produced.
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GROUP 100

Heater for heating naphtha or natural gas.
Onen and close manhole cover.
Inspection of the projecting cars of the bur-

ners.

Nitrogen preheater

Open lid for official inspection.

H
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GROUP 200

I1, W - 208 IIT1, W - 210 Superheater for high

pressure steam.

Pressure check.

Superheater for medium pressure steam.

Pressure check.

Heater for pbrocess air,

Pressure check.

Combustion air blower, flue gas blower. Cut out
the shaft cover for oil level inspection glass
and for greasc nipples. Inspection of the guide

hlade bearings.

Primary reformer.
Opon two of the collector pipe covers, check
anl closn.
Oren manholes, inspect fireclay cover.

Cl~an flue gas duct.

Additional heating for waste gas.

Open manholes, inspect fireclay cover.
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N
O
N

Additional vessel

19

1
L

Inspectin and cleaning of inside.

Repair combustion air heat-exchanger (no. 4
is blocking)

Inspect wall at inspection hole.

Clear lubrication pipes.

Zr=hus+<inn air an? waste aa3s duct

Inspe~tion and cleaning

Mixing station for steam and natural gas.

B - 210
Inside inspection and check natural gas baffle.
W= 215 - Water preheater
Remnve heat-exchanger tubes for inside inspec-
tion.
B - 208 Relief tank
Oven manholes, block off, official inspection.
B = 203 Degasifier tank
tliden passage for L-206 (level controller).
Check shower (system Stork) and change T-parts.
R - 209 Instrument air tank
Insnvection and cleaning of tank and level
controller.
p - 207
P - 203 BFY pumps

Clein filter, P-208: change flange of valve

for minimum load pipeline.

v mrrvn——— s
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Turbine for P-207
Renair oil leak at coupling cover.

Change insulation.

Natural gas mixing station

Remove and inside inspection.

Secondary reformer

Oven for changing air nozzle.

Proncess gas heat exchanger
Oven both manhole covers.(Gasket of the hot man-
hole is not tight)

Cleaning and inside inspection.

BFW preheater
Change pipe bundle, inside inspection.

Change drain valve. Install test blades.

team boiler
Np:n and inside inspection. Pressure check
(pressure chéck also for no. 4083 and 4162 -~

support system).

Turbine for process air compressor.

Inspect rotor; Repair oil leak at the compres-
sorside coupling cover.

Repair seal ﬁacking of control valve and the
leak at the pipeline for the pressure-indicator
of the injectér: the idling-device does not

function properly.
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{3

I3

204 Condenser for T-201
open flange and inside inspection.
Repair cooling-water pipe to the condenser.

201 Process air compressor
Ch>ck low-pressure and high-pressare rotor.
Gearbox-side high-pressure rotor bearing is
leaking.
Clear air-cooling of low-pressure compressor.
Change cooling-water valve for 4th stage. Check
non-return valve.

214 Process air cooler
Inside inspection, also for condensed water tank
and level controller.

202 Turbine for generator
Repair seal box of steam entrance valve.

204 Back-pressure turbine for generaor

Repair seal box of steam valve.
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GROUP 300

Gas heat-exchanger

Pressure check. Repair leaky hand-gasket.

NT- CO- converter

Official inspection, manholes to be opened in

service. Change nozzle for condensate.

BFW preheater
Nfficial inspection
Repair baffle T-310

Low temperature converter
Open manholes to change catalyst.

Official inspection.
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GROUP 400

Absorber
Open manholes, remove ceramic intalox and in-
spect inside. Install redistributors. Revision

of the level controller.

Lye separator
Open for official inspection. Revision of the

level controlTer.

Steam generator
Open for official inspection (inside revision

and pressure check)

BFW pnreheater

Remove heat-exchanger. Pressure check (2 times).

Reboiler
Open forofficial inspection (inside and pres-

sure check)

Solution Aair cooler

Remove distribution pipe, pressure test.

BFW cooler

Remove bundle (inside inspection)

Relief tank

Open manholes for cleaning and inspection

'l.
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Condensate separator

Open manholes for cleaning and inside inspection

Condensate separator
Open manholes for cleaning and inside inspection.
Change draining valve. Official inspection of

level controller.

Lye double filter
Inside inspection. Grind 4-way valves. Change
valve in the pipeline to the filter (valve ca-

se is corroded).

Desorber

Gnen manholes for inside inspection and clea-
ning.

Repair corroded pipeline to P-405.

Install PV/H-411 and PV/H-412 in CO2 pipeline

system

Injector

Control injector nozzles and valves.

BFW preheater

Change pipelines of BFW-system

Benfield Solution turbine
S»:al bearings of guide-baldes. Change pipelines
for greasing seals with condensate of T-401 and

highpressure lye pump P-403.

RH
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GROUP 500

K - 501 Methane generator
Open manholes for inside inspection

P - 501 Condensate separator
Open manholes for inspection inside and inspec-
tion of level controller.

W = 501 Gas/gas heat exchanger
Remove heat-exchanger for official inspection
andi pressure check.

, W - 502 " Boiler
/ Open for cleaning and inspect inside.
W - 503,
W - 504 Final gas cooler

Open for cleaning and official inspection.

Weld in a valve in cooling-water pipeline.
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GROUP 600

Synagas turbine

Inspection of condensation turbine rotor and of
the condenser. Repair of cooling water pipe.
Check start up equipment and adjust it. Change

prevared oil pipelines.

Syngas compressor

Ingpection of bearings, seal-system and rotors
of cases 1 - 4. Install capacity flow measuring
nozzles in balance drum pipes of stage 2 ani 3
(F-6006 ani F-6007). Change gas cooler. Offi-
cial inspection of separator F-606 (also level
controller), F-601, F-602, F-603, F-605, seal
oil tanks no. 4054 - 4057, level controllers
4156 and 4157, and separators 4208, 4058 and
4059.

Install valves in seal-oil pressure pipes of
seal-oil pumps.

Cnhanqge oil-filters and clean oil-heaters.

Change one of the oil-cooler bundles and clean

the other one.

Start-un heater

Insnect supnorts, pressure check.

Waste heat hoiler
Oven “Brettschneider” gasket.

Official inspection, pressure check.

V

:t
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BFW pbreheater
Open "Brettschneider" gasket(seal ring is leaky)

Official inspection, pressure check.

Nli3 expansion tank

Open tank for cleaning and official inspection

Mixing station

Remove for inside inspection
NH3 separator
Open lids and remove pipelines to the separator

Clean and inside inspection.

NH3 separator

Open lids and remove pipelines.

Clean and inside inspection.

Gas cooler
Remove elhows of two of the five coolers.

Pressure check these coolers.

Gas heat-exchanger
Open flanges and remove bundle.

Cleaning and inside inspection.

Freezer

Remove flanges for inside inspection.
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MAIN MATERIFLS _‘QSED.__,_,IN._ _ SINGLE -’.en/'/v UNIT

S
APPLICATION

. e o
CoDE COMPOSITION /o )2
|
| Mat. n°.  internat. C Si Mn Cr Mo Ni Y Ti examples
; ' N code
| | 51,0305 St. 35.8 £0,17 [<0,35 120,40 P.S |water , gas and
.~ max. [steam pipelines up to 300°C
s 0,05
? t‘_l (£ 1,0425 H II <0,20 E0,35 (0,50 -"- |shell for desorber, ahbsorber
| O N1,5415 15 Mo 3 0,12{0,15} 0,50 0,25 P.S |shell for secondary reformer
i W 0,20 0,35 0,70 0,35 max .
~ | Q[1,7335  13Cr Mod4 0,10]0,15| 0,40 | 0,70 | 0,40 0:9%|pipes in waste-heat system
g 0.18]0.35| 0,70 | 1,00 | 0.50 up to 550°C
o ~ 1,7380 10Cr Mo910 £0,15|0,15}| 0,40 | 2,00 | 0,90 desulphur-reactor shell for
oS! T 0,50 | 0,60 2,5 | 1,10 waste-heat-boiler
2 lﬁ 1,7709 21Cr MoV57 0,170,151 0,35 1,20 | 0,65 0,25 bolts up to 550°C
i 0,25}0,35| 0,85} 1,50 | 0,80 0,35
I3 <R
L~ 'G-‘ é 1,7779 20Cr MoV135 NS 0,710,154} 0,30, 3,00 | 0,50 0,45 pipelines in ammonia
P S synthesizer
hj 8"’ 0,23{0,35| 0,50 |{ 3,30 ! 0,60 0,55
wvwRe ATMNiMoV
I & (T.VOEST)| 0,15;0,33 | 1,40 0,47 | 0,66 | 0,12 shell for ammonia converter
> len 1,454 X10CNiTi189 SAS 2 |£0,10 4,0 [<2,0 17 9 5X pipes and vessels for
g h"; ) 19 19,5 \C corrosive media  lines
LS ol IS w for brickwork
X 25 X10NiCrAlTi |Incoloy 0,0310,5 0,7 21,5 34 0,6 0,75
’ < 80C Cu
LR 30
—d v’ 0)
= Al
C —d : 1,0619 GS-C25 0,8010,40 | 0,65 [<0,03 cases of naphtha pump:
| llﬁ ~ 1,4027 G-X25Cr14 0,1410,24 | 0,49 ! 13,2 0,97 cases of boiling water pumpS
i~ &’ 1,4552 G-X7CrNiNb 0,06y 1,30 | 1,35 18,9 9,44 N6 |cases of Benfield pumps
A Y 189 0,68
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ITEY INSTRUCTOR
|
1. Organization of dept. ATG Skopetz ‘
2. Responsibilities of dept. ATG Skopetz X
3. Daily routine work Skopvetz
4. Flowsheet cooling water supply Luger
. 5. Flowsheet boiler feedwater plant Luger
o. Flowsheet wagte water neutralization Luger f

7. Cooling water return to Danube by elevation pumps Skopetz .

8. Flowsheet natural gas steam reforming Luger ;
9. Maint=2nance to point 4, 5 and 6 Skopetz !
7 10. Maintenance to point 10 Skopetz ‘
//’ 11. Special materials for the primary reformer Luqger :
12. Deronstration pigtail-nipping Workshop
13. Demonstration pressure filter flushing Luger
14. Maintenance process air compressor Skopetz ;
15. Inspcction process air compressor Skopetz i
16. Pn2umatically regulated suction valves Luger !
17. Piston rod sealing Skopetz ;
. 13. Guide ring controlling Skopetz i
19. Used materiils in boiler feedwater plant Luger
20. Used materials in steam reforming plant Skopetz

21. ATG - museun Skopetz

N m—— e cvem s v e —
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2. Responsibilities of dept. ATG

Dept. ATG is responsible for maintenance in the following plants:

107, 146 014 and new water station (river water and cooling
water supply)

140 Chlorination station for well water
(0.7 - 0.8 mg Cl/h H20) )

144 liorizontal pumps for well water

204 Air separation plant (2 units, each 1 700 Nm3/h 02),
compressed air supply

204 a, b Bottling of oxygen and compressed air

20¢, 209 N2 gasometers (2 000 m3, 500 m3)

207 02 gasometer (10 000 m3)

208 - Cracked ammonia (N2 + H2) holder (25 000 m3)

R. Br. Pipe bridges

RN Vetwork of pipes, piping of: KOG, natural gas,

heating gas, cracked gas, steam 25, 20, 7, 2 bar,
compressed air, river well, hot (900oC), warm (400C),
drinking water, boiler feedwater, condensate,

oxygen.

Machines, compressors and pumps in dept. urea (except standarad

punps).

212 Battery (block) of bottles for high-pressure N2

202 01d gas reforming plant

220 Naphtha and Orthoxylol tanks and pump stations (tank

farm)
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3. Daily routine work
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Pipelines for naphtha and orthoxylol

1
101, 211 Natural gas pressure reducing stations g
110 01d boiler house (2 units, each 12 t/h steam 25 bar) 2
110 a, b Contact sludge circulation reactors (flocculators) ;
293 Roiler feed water treatment l
213 Naphtha intermediate storage facilities ) :
214 Yaphtha steam reforming plant (ICI plant) :
143 Waste water neutralization i

Dept. ATG has to organize all planned shut downs for these plants
and also for the several machines (routine overhaul). ATG is in
this way responsible for the maintenance cost in all plants also

for the cost of foreign departments working in a. m. plants.

Resp. for programs, spare parts.

|
:
|

Maintenance philosophy

T L, A g - v e
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pi
conductivity

263 x 10 S/cm (S=Siemens
1S = 1A:1V = 1:0)

Co2 (free) 2.0 mg/1l .
02 6.7 mg/l
alkalinity 2.55 mval/l
hardness 8.60 dH = 153.9 ppm
= 3.1 mval/l
non-carbonate hardness 1.50 dH = 26.8 ppm
= 0.6 mval/l
MacC 19.4 mg/1
, Ca0 58.8 mg/1
/ solid residue from evaporation (1050C) 214 mg/1l
soli? residue on ignition (6500) 122 mg/1
KMno4 19 mg/1 (max. 30 mg/l)
Fe 0.31 mq/1l
5102 3.9 mg/1
Hielok] 156 mg/1
. M2 0.08 mg/1
NEa] 14 mqg/l
oh | 9 mg/1
S04 29 mg/1
P205 0.19 mg/1
N4 0.12 mg/1
Na 6.6 mg/l

LS 4.0 mg/1
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suspended sticks max. 12 mg/1 (for short
time max. 200 mg/l)

average 3 - 40 mg/1
fouling factor of waterside by
tube temp. of cooling water side £500C = 2 x 10
>500C = 4 x 10 i
temperature: winter 1loC temperature rise of return

summer: 200C water: 10oC
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Reactor {Flocculator)

Ksu

The “"Contact-~Sludge-Circulation Reactor"” 1is especially used for
conditioning of surface water which must be cleared of suspended
matter, colouring substances, oarganic contaminants and carbon.
Furthermore good results are attained in other fields of water
treatment, especially deironing, demanganation, deacidifyinqﬂ
do0iling, sterilizing (degerminating), removing substances with
disaigresable odour or flavour, but also algae and float iima. In
the water treating process many of these effects are to be

attained simultaneously.
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General technical data

Cacacity: S - 3 000 m3/h (per unit)
turn-around time: about 60 - 90 minutes

{(Avell time)

internal circulation: 3 - 5 x quantity of flow
(capacity)
saving of chemicals: 30 - 40% compared to con- )

ventional plants
. speed of climb-up: approx. 3 - 5 m/h
transparcnce in cleaned water: often 1.5 - 2.0 m

turbidity content in

discharged water: 10 mg/1, often 3 - 5 m/h
rate of blow down: 0.5 - 1.0% of capacity
sludge content: 15 - 25 g solid matter/1

. (97.5 - 98.5% water)
Function

First the untreated water flows into the cylindric middle part
and there it is mixed with recycled deposite products and
cn2micals. The rising stream is produced by a speed regulated
. mixer which works like a circulation pump. This mixer makes a
7601 nmixture of all components: raw water, chemicals and
activated sludge. With the aid of the contact effect of the
sluidqe the formation of flakes begins immediately and increasecs
quickly. After having passed the mixing zone water comes into the
reaction zone and changes its direction of flow. In this zone all

chemical reactionrs happen, whereby the flakes grow and grow.
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Then a part of the water comes into the ascending pipe, while the
otner part flows to the outer parts of the reactor. On the bottom
edge of the lower cylindric part of the big cone a sharp separa-
ting zone is formed between sludge and clear water. Sludge
particles sink to the bottom, clear water rises to the surface.
In the outer area of the big cone the climbing speed drops and

therefore even small sludge particles cannot rise. The clear,

conditioned water flows into a top collecting channel (groove).

By = slowly turning desludger the sunken sludge is transported
into the slime pit and is then further thickened. An automatic

valve removes the sludge from the reactor intervals.
Operation

The characteristic feature of the KSU reactor is the internal
circulation; a quantity of 3 - 5 times of the capacity flow is
circulated in the mixing and flocculent zone. In this cycle a lot
of activated sludge is carried along, so that each particle of
raw water is often in contact with sludge and chemicals. The
particles of slime work as crystal centers on which products of
pracinitation settle Adown directly. This principle of so called
"contact sludge circulation" is the real reason for the
surnrisingly good conditioning effect. Good working of the
reactor is revealed by the sharp separating zone between muddy
witer and rising clear water, further on the quick sinking
nrocess of old dereacted sludge.

RH
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Total demircralization / fundamental principles

It has long been known thaﬁ salts dissolved in water dissociate
more or less into their components that means into ions, common
salt (kitchen salt), for eiample, dissociates into the positive
soiium ion and the negative chlorine ion. This dissociation makes
water electrically conductive and so it is possible to separate
cxitions and anions by direct current. MNearly all salts dissolved
in water dissociate into cafions in this way; and anions the most

imnortant of them can be put in order as in the following scheme:

cations: ‘ anions:
Ca ' ‘ (HCO03) 2
Mg ‘ (HCO3)2 K
Ca ‘ sS04
Mg ‘ S04
Ca | C12 N H
Mg ‘ Cl2
1 ‘
f \I'-\ ! Cl
Na2 : S04 neutral salts
NAa2 ! Sio3
K ‘ = carbonate hardness
N : = non-carbonate hardness
K + N =4 ‘ = total hardness
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Net all ions are equally well absorbed or delivered by ion
exchangers. A very good exchange is given between cations and
hvirogen i1ons and between anions and hydroxyl ions. Polyvalent
ions of heavy metals like iron and manganese are taken up by
cations first, followed by alkaline earths like calcium and
magnesium, with potassium and sodium of all. A cation exchanger
lcaded with these ions is regenerated by acid. In this process
the cations are dislodged by the hydrogen ion of the aciAd.
Accoriing to the law of mass action (Guldberg and Waage' s law) a
. surplus of acid is necessary (over and above the theoretical
cuantity) for finishing the regeneration. The same applies the
regeneration of anion exchangers by a sodium hydroxide solution.
I1f the jon exchanger substance is exhausted the ion most

. difficult to be exchanged will break through first: sodium at the

cation exchanger and silicic acid at the anion exchanger.

Th2 ions capable of being exchanged are not only on the surface
of the grains of the exchange resin but also inside (interior).
That means that exchanging reactions need a certain minimum time
to obtain relations between quantity of water, speed of filter

process and quantity of exchange resin.

Variations are possible, such as strongly acidic and slightly
acidic cation exchanger or strongly basic and slightly basic
anion exchanger. Slightly acidic cations exchangers can be
recenerated withcut a surplus of acid and slightly basic anion
2xchangers without a surplus of sodium hydroxide (caustic‘sodaﬁ
In a combined employment of "slight"” and "strong" exchangers it
1s nossible to further use the surplus of chemicals wﬁich is
absolutely necessary for the "strong" exchangers for the

reazneration of the "slight" exchangers. By this a iot of

chemicals can be saved. So it is more economical.
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The combination of a contract sludge circulation reactor with
sand filters and a total ionization (demineralization) enlarges
the <economical possibilities of application of total

demineralization plants, especially of plants with large hourly

capacities.
Total demineralization/Process

Such a olant consists of cation and anion exchangers wnich must
be regenerated when the substance (resin) is exhausted. The rege-
neration process lasts for 4 - 6 hurs. During this time the plant
is working with another row. So it is necessary to have at least
two rows of apparatus. Further it is a great advantage to have
clear water reservoirs (vessels) at the end of the plant for
short time requirements of 3 - 4 hours, e. g. for small repairs

or short trubles.

Mixed bed filters are situated only in the last stage; they are
considered to be safety devices. The water treatment should be
finished before mixed bed filters. They have only the function to
citch or to kill irregularities or natural "slippage". By this
working safety (reliability) of the plant is increased, and for
pre-inserted filter groups cost in deminsioning of all apparatus
{filters) and operating expenses can be saved because this

apparatus can be fully loaded without risk.

e ———— — .
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Organic was¢te water systenm

In our factory there are two different waste water systems. One

is the normal cooling water return system and the other one is

water contaminated with organics. This contaminated water we have

to collect in a special chann=1 system with several pump stations

and fan stations for the air supply in the tube systems. This

system falls into a neutralization basin. There we have to

neutrilize the waste water to a pH in the range from 6 - 3 (the |
. average should be about pd 7).

The pH of the waste water coming from the different departments '

should be minimum pH 4. After neutralization with lime milk and

mixing the neutralized water runs into an equalizing basin. After
eaqualizing the water goes to central biological treatment in

/’ Asten (near the power station Abwinden-Asten).

If the pY limits in the neutralization basin are exceeded a

butterfly valve opens automatically and the waste water runs to a

reception basin. i
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HISTORY OF Np FRODUCTION (ATG)

NP ..... parts of N in NH3 (14 Mol N + 3 Mol H = 17 Mol NH3)

Snring 1940:

Autumn 1942:

start on raising the ground level about 2
- 4 m.
Start of production on basic KOG.

(1 unit for desulphuration, 3 units for

gas dividing and 3 - for CO conversion).
1944: Output 55 000 t Np/a
1944/1945: about 800 bombs from allied airforces
exploded in Chemie Linz area and plants
May 1945: -
July 1946: No production as neither KOG nor energy
were available.
1948: 1944 output level reached again
\L production increase
1965: to 237 000 t Np/a or 718 t/d max.
(3 units for desulpnation, 6 for gas divi-
ding and 7 for CO conversion)
1966: start up of naphtha steam reforming plant
\L increase
1974: to about 320 000 t Np/a
1979 to about 520 000 t Np/a
1930: to about 480 000 t Np/a

| emm e brerm— e P v
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NAPHTHA STEAM REFORMING PLANT (ICI PROCESS)

General

Enginecre?! by Humphreys & Glasgow, Lordon, 1964 - 1966; erected
by ourselves. Laying out: 300 t Np/d (365 t NH3/d) at a pressure

of 23 bar (max. 31 bar). Beyond the ICI licence (our risk) w2 in-

creased the working pressure (inlet prim. reformer) to 38 bar and
the daily output to 420 t Np (510 t/d NH3). We had bought

machines, apparatus and pipes qualified for higher pressure.

Feedstock

1966 (start up) - 1976 naphtha (strait run benzines): since 1976

- natural gs.

Maintenance
hours material cost (mill. AS)

1974 21 000 1.3
1175 general overhaul 56 000 7.4
1976 24 000 1.6
1977 general overhaul 46 000 4.2
1973 16 000 1.6
1079 21 000 0.8
1980 49 000 0.9

1981 16 000 0.1

. 1S e ——e " -+ ——
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On stream days:

1974 363
1975 gen. overhaul 324
1976 366

1977 gen. overhaul 325
1973 intended 3shut down during Single-Train shut down for
welding-piping connections between both plants.

362

1979 365

— ——— - Y et @t m. B A " -
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- F 101
- F 101
- F 101
- F 101
101 A/B
1G3

104

101
101*
102 A/B
103

104

105

106

108
112, 113,
114, 115
121*
122%
101

102

103

107

109

109

111

Primary reformer
Process air heater
Heater for steam
Matural gas heater
Combustion air heater
Air compressor
Combustion air fan
Flue gas fan

Stack

Primary desulphurizer
Secondary desulphurizer
Secondary reformer
Primary CO converter
Sulphur catch vessel
Secondary CO converter

Steam drum

Gas separator

Carbon catch vessel
Potassium catch vessel
Waste heat boiler
Waste heat boiler
Boiler feedwater

2 bar steamboiler
Treated water cooler
ﬁaw water cooler

Waste heat boiler

clhemserv
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*) Only with naphtha steam reforming in progress.
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p = 37,3 bar
t = 880°C

I~ Pigtail

13 Cr Mo 44 = WNr. 1.7335
= ASTM A 182-69, Gr. F-21

Plating with the same electrode
as welding.

Afterwards heat treatment at
650°C.

G - X40CrNiSi2520 = WNr. 1.4848 =

HK 40 = ASIM A 297 - KK

G-X35NiCrNb 2424 = WNr. 1.4855

"G - X40CrNiSi2520 = Wnr. 1.4848 = HK40

= ASTM A-297-HK

G - X10CINiA1Ti3220 = WNr.1.4876 =
Incoloy 800

X10CINiA1Ti3220=WNr. 1.4876
= Incoloy 800
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1. Furnace tube

a. G - X 40 CrNiSi 2520 = W.Nr. 1.4848 = ASTM A - 297 - HK
Apvroximate analysis: C~0.4%, Cr~v25%, Ni~v25%, Si~2.5%
Melting noint: 1 4000C
Working temperature: 800 - 9500C .
Neliabilicy: good
Thermal expansion

® batwean 200C and 10000C: 10.0 1076 m/moC
tieat conductivity (200C): 0,147 J/cm soC
Tensile strength (200C): 440 N/mm2
Yi=1ld point (200C): 245 N/mm2
/
b. G - X 35 NiNb 2424 = W.Nr. 1.4855

Approximate analysis: C~0, 35%, Ni~24%, Cr~ 24%
Melting point: 1 3500C
Working temperature: 850 - 1 0000oC
Wel3ability: good
Thermal expansion
® hotween 200C and 10000C: 19.6 . 10"%m/moC
"leit conductivity (200C): (0.148 J/cm soC)
Tensile strength (20¢7): 440 N/mm2

Yield point: 245 N/mm2

U e+ e o —

g e e

. L~ —————— p——— ¢ - -
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c. X 10 CrNiAlTi 3220 = W.Nr. 1.4876 = Incoloy 800

2. Convection zone

a. 10 CrMo 2 1 W.Nr.

1.7380 = ASTM A 199-Gr. T22

Approximate analysis:
working temperatures
Tensile strenqth (200C):
Yield point (200C):

c~o0, 1%, Cr~2%, Mo~1l%
max. 5300C

440 N/mm2

265 N/mm2

Approximate analysis: c~0, 1%, Cr~32%, Ni~ 20%, ‘
A1<0.6 %, Ti=0.6% l
Melting point: 1 3500C g
Resistant in alr up to: 1 1500C i
eldability: good . é
Tharmil expansion 2
between 200C and 10000C: 18.7 . 10 m/moc !
. Heat conductivity (200C): 0.097 J/cm s oC !
Tensile strength' (200C): 540 N/mm2 é
Yield point (200C): 245 N/mm2 |
/ d. 13 Crio 44 = W.Nr. 1.7335 = ASTM A 182-69, Gr. F-12 i‘
s :
Approximate analysis: c~0, 13%, Cr~1%, Mo~o0.4% “
Working temperature: max. 5300C .
Tensile strength (200C): 440 N/mm2 E
Yield point (200C): 275 N/mm2

i
!
i
|
!
{
]
j
t
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152 : 17/4 N 634 (H32)

b. X 12 CrNiTi 18 9 = W.Nr. 1.48878 = Austenitic steel CrNi

Apnroximat= analysis: c~0.12%, Cr~18%, Ni~9%, Ti~ 4 x C
Resistant in alr up to: 8000C

weldibility: good

Thermal expansion between .

220C and 10000C: 19.0 . 107¢m/moC
Heat conductivity (200C): 0,147 J/cm soC
Tensile strength (200C): 490 N/mm2

Yield point (200C): 245 N/mm2

c. X 10CrNiAlTi 3220 = W.Nr. 1.48876 = Incoloy 800

see 1. c.

. - r—— —— ¥ = P G WY ——
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wWelding procedure for furnace tubes after stress corrision:

7.
9.
9.
10.

Ths front is to cut under 90oC.

x-ray test - quality is IIW-black

Heat the flange for half an hour at 7000C - cooling to 3000C
in the oven, rest in air.

Turn the weld phase

Dve penz2trant test of the buffering

Dye penetrant test of the tube end

Cut the failers and turn the weld phase

!

K 40 N
s N
W
4 3 - - -1
; g n '
CEOTIO S U N |
Materials: Flange 13 Cr Mo 44 ey o :
3 1
Welding material Inconel 182 ' 3 Cr Mot
Tube material HK 40 new bufferin
[Inconel 18.
Cut the flange
Turn the flange for buffering
Mow buffering (material: Inconel 182), minimum 12 mm
ARuffering turn to wall thickness.
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11. Dye penetrant test this weld phase

12. Weld *he flange; pay attention to the length tolerance.

welding: ground Inconel 182, rest with Bnehler Fox NiCr70NDb.
. By h2ating to 700C avoid condensate rise.
13. Dye penetrant test the ground of welding.
14. Dye penetrant test the top layer.
15. x-ray test quality ITW-black

/ 16. Be careful during transport - tubes are brittle!l
/ . '

-
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BLANKING-OFF REFORMER TUBES DURING PLANT OPERATION

i
B. Estruch i
|
|

1. Introduction

When a reformer tube bursts during service the loss of gas
‘ through the leak is not necessarily intolerable but the leaking
agas inanites inside the furnace and causes overheating of the
surroundings. To prevent damage to the refractory and to the

neighbouring tubes, it is necessary to isolate the failed tube.’

y To achieve this either the design must make provision for

———— e { ——— e s o+

shutting off any individual tube or, if simply welded up

connections are used, the whole unit must be shut down and cooled

rr———n t— -

so that the failed tube can be cut out and replaced, or the

connections plugged by welding.

3ecause the outlet pigtails usually operate in the region 700 -
.. 8000C, and no valves are known that could be fitted in each pig-
tail, and because at any rate the expense and complication of
fittina them in the design would be considerable, an all welded
desiqgn is normally adopted. Tnitially, when an overheated tube
leaked the furnace had to be taken off line losing some 36 hours'
production. This represented A serious loss of output. Apart from
that, in reformer plants built for the production of town gas the
manufacturing authority is under legal compulsion to maintain a :
minimum gas pressure, and it could hardly afford to shut down a
furnzce even for only 30 hours should a tube fail during a period
of peak demand. Consideration was therefore given to methods of

v blanking-off leaking tubes which would not necessitate shutting

the plant down.
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2. Background

It has been standard practice for many years to squeeze mild
steel pipes on gas and water service when it had become necessary
to isolate a line and a number of devices are commercially
available for this purpose. However the application of gross
nlastic deformation to pressure equipment containing hot
inflammable gases had not been considered. The commercially
available apparatus for low temperature service is hydraulically
. operated, which is an advantage, but the frame has to be
dismantled and then reassembled on to the pipe to be squecezed.
This would have been perhaps acceptable for inlet pigtails where
the temperature is around 4000C, but the manipulation involved
,/ would not be acceptable in the proximity of the hot outlet pig-
/ tatls (700 - 8000C). For that reason a G-clamp squeezer Wwas
designed so that the unit could he placed onto the pigtail where i
it runs horizontally adjacent to the reformer tube (Clark and
Elmes Paver 2, Fig. 2) and all that was required in the way of {

preparation was to remove the lagging on this selection.

. 3. G-Clamp Squeezer

Details of the squeezer are given in the drawing in Fig. 1 and

the photograph of Fig. 2. It is driven by a short & ton hydraulic |

ranm, manufactured by Epco Flexi-Force.
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The main advantages of this design are:

(1) The G shape of the frame reduces manipulation near the pipes

before squeezing to hanging the device onto a horizontal part

of the pigtail.

(2) It is connected to the pump by means of a pressure hose of, :
convenient length so that the operator is at a safe distance
while the tube is being squeezed. It is relevant to mention

. here that, 1n the event of a pigtail cracking while being
squeezed, Billingham experience has shown that the fire that
results from a pigtail failure does not cause significant

damage.

(3) Should any accident happen to the hydraulic ram, to the hose
/ or to the pump the quantity of oil involved is very small (1
- 2 pints).

(4) After squeezing the jaws can be fastened together by means of

screws to form a permanent clamp to prevent the internal

pressure opening up the squeezed pipe. The G clamp and
l' hydraulic ram can then be removed by simply letting the jaws

slide off along the guides shown in the drawing. ’

(5) The jaws are kept in position by means of ball catches while

the clamp is being hund and while pressure is being applied.

(6) Two lateral sheet metal pieces locate the clamp jaws on the

pipe and are crushed away as the squeezing operation is in

progress.
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4. Laboratory Tests

Althouah from the above considerations it appeared that blanking-
off reformer tubes by flattening the inlet and outlet pigtails
could b2 achieved with reasonable safety it was decided to carry
out some preliminary tests on a laboratory scale.
In order to simulate plant conditions a test rig was arranged in
which a lenatn of pipe could be electrically heated by making it
‘ an inteqgral part of a circuit connected to a low voltage high
current source. One of the ends of the tube was blarnked-off and
*he cther connected to a 275 p.s.i.g. steam line. Provision for
m2asuring the steam pressure and for measuring and controlling
the temperature during the tests were made. Samples of both
Incoloy and Cr-Mo pipe were tested. The clamp itself was tested

under 2 7 ton load without it showing any permanent set.
4.1 Incoloy Pigtails

Two samples of extruded Incoloy DS tubing, 1 11/32 in. o. 4.
x 3 s. w. g. (as used for the fabrication of the outlet pig-
tails) were used for the trials. One sample was ex=-stored
. but was aged for 72 hours at 8000C in order to bring it into
1 condition nearer to that of the pipes after service. The
secondl sample was cut from an actual pigtail which had

failed due to the presence of manufacturing defects after a

few months in service.
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the first test the temperature dropped quite considerably as
the jaws touched the tube, but by insulating the ends of
the pipe the temperature drop was eventually reduced to

These samples were heated to 8000C before squeezing. During
about only 20oC.

In =211, eight trials were performed. The results were
completaly satisfactory except in one case, when a number of
small cracks daveloped on the outside of the pip:s but no
' l1=ak cccurred. This cracking was not thought to be signifi-
cint bacausz the trial was done on a part of the pipe which
nad been overheated to nearly melting point during the
initi2l attempts to adjust the temperature. Figure 3 shows
the general appearance of the tube and Figure 4 a cross- '

section through one of the flattered parts.
4.2 Cr-Mo Pigtails

Tha tests were done at 4000C on a length of 1% Cr-lio steel

pipe 12/16 in o. d. x 5/32 in. wall as used for the inlet

pigtails. At this temperatur2 the tube was toO strcng for

’
. the squeeczer and a perfect flattening <ould not be achieved. 1
. . . 4

in order to increase the stress on the pipe the width of th=2 1

|

iaw faces of the clamp was reduced from 1/2 in. to 1/8 in.

tne tube wall sheared. It was found possible to avoid this
by carrying out the operation in two stages. In the first a
set of jaws with slightly curved faces (1/2 in. width) was
usad. This spread the deformation over a large area but
still left a gap between the two wall faces. A second pair

pus thea the ductility of the material was insufficient and
of jaws with faces 1/8 in. wide and semi=-circular cross
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sesction was used to close the gap. To achieve this the load
had to be increased to 8.5 tons. The clamp withstood this
overload well. Figures 5 and 6 show the results of the

tests.

During the tests it was found that the original jaws in
13/8/Ti were too soft and yielded appreciably during
operation. This was prevented by protecting the jaw faces.
with welded inserts of heat treated FV520(B) steel whose

‘ vield strength is about three times higher than that of
18/8/7i steel.

’ 5. Plant Experience

Ths nigtail squeezer has been used successfully on several
occasions to isolate leaking reformer tubes. Squeezing the inlet
pigtails has proved to be as easy in the plant as it was in the

preliminary trials.

2n th=2 other hand with pigtails trouble has experienced on the
. rthree or four occasions owing to cracks forming during the

speration. It appears that the difficulties are due to a

combination of the following factors:

(1) Embrittlement during service. It is known that the ductility

Y — s 4t

of Incoloy DS decreases with time due to an age hardening prc
cess. The use of Incoloy 800 which is now readily available

and reputed to be less prone to embrittlement during service

L —m

will probably improve matters.
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(2)Decrease in temperature. As soon as the flow or hot gas
through the pigtail is restricted the metal temperature bs-
gins to fall and so does its ductility. The more quickly the
operation is completed the less likely is trouble to occure.
The possibility of locally increasing the temperature of the

outlet pigtail prior to squeezing is also being considered.

(3)The occasional presence of score marks on the surface and °
stringers of inclusions inside the pipe wall which facili-

ties the initiation and propagation of cracks.

In spite of these occasional difficulties it always has been
possible to blank-off the failed reformer tube. Even after cracks
have appeared in the pigtail its flattening has been achieved at

a second attempt.

The use of screwed jaws to maintain the pitail gas tight has
proved to be necessary. Whenever the jaws have been removed the
leakage of gas from the reformer tube has been seen to increase
gradually becoming excessive after some time. A second
2pplication of the squeezer and permanent clamping of the pigtail

has been sufficient to reduce the leakage to a negligible amount.

Conclusion

Blanking-off failed reformer tubes without having to shut the
plant down, by squeezing the inlet and outlet pigtails at a
temperature and under pressure, has been a complete success. So
far no untoward incidents have occurred; provided adequate care
is taken, the isolation of the failed tube can be achieved

without danger to the operating personnel or to the plant.

. — e m——

!
|
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FILTER WASHING.

Filter bed

—Vent

—— T W WateETr
mm—— DUT'€ WALCT
— WASH Water
—— 5] UAdgC water

———— (ischarge

me—S CAVENGing air

open closed
Filter: @ = 8 000 mm 1. discharge 1 minute i, k a,b,c,d,e, f, g, h,

h =5 200 mm 2. air 2 minutes g, k a,b,c,d,e, f, h, i,
v 240 m 3. air + water 11 minutes e, £, 8, h, k, a,b,c,d, i
q = 1000 m*/h HZO 4. air + water + chlorine 4 minutes e, f, g, h, k, +chlor. a, b, c, d, i
P= 6 bar gauge 5. water 3 minutes e, £, h, k, a, b,c,d, g, i,

6. fill up with water 4 minutes e, f, k, a,b,c,d, g, h, 1,

25 minutes
to filter -a, b, c, d e, f,h,h, i, k
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CHLORINATION

ventlation

chlorator (see separale scheme)

f
. chiomine T \/L_J’__
—>

chlorine waler solulion

pomp_for increase of pressure
i (when necescary)

!

T I 777 L

Compensation hole
Vacuum regulating valve

Chlorine / water solution
Injector
Water

~

Adjustable V-nozzle

Volumenometer

O o O N & W o -

Chlorine inlet
Chlorine gas reducing valve
Ventilation

-t b
-— O
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CHLORINATION

The injector forms a vacuum for intaking chlorine gas and mixing
with water. The ball and the membrane prevent a flow back of the
water into the chlorine installation when the solution outlet is
closed or stopped up. For the injector to function well, it is
nacessiry that the pressure ahead of the chlorine inlet is very

high against the back pressure.

The chlorine gas comes at pressure to the chlorine pressure
reiucing valve. There the pressure will be reduced below the
atmosoheric pressure because this valve opens only when the
injector forms a vacuum. If gas comes into the valve without
vacuum conditions, the membrane will 1lift and the gas escapes

through the vent pipe.

The chlorine flows from the pressure reducing valve through a
volumenometer to an adjustable V-nozzle which regulates the chlo-
rine gas capacity. After that is situated a vacuum regulating

valve for builiding a suitable vacuum is set.

When the chlorine supply is empty or shut off the vacuum regula-
toirng valve closes. If tne throttles effect is not enough, the
liaphragm will take off by the vacuum and air will enter, satia-

ting the vacuum.
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compressor east

Inspection of machinery in stage 2 and 3

1. Heasurement of guide rings at all of the 4 cylinders.

2. Cleaning of cooling chambers of all cylinders.

3. T.inspect the position of piston rod with frame level (at
. upper and bottom dead center). The crosshead must be pressed

on the running surface.

4. Remove piston and piston rod. To inspect or to flush (to

' level) the surface in the mainstop.

5. Remove bush, inspecting by TMP and refit. Measurement over
cross at upper and bottom dead center, inspection with frame
level. Inspection must be done with valves fitted.

6. Measurement of crosshead clearance.

7. Remove bolt of crosshead. Inspection of state of fit.

3. Remove crosshead and inspect in mainshop. (T flush

the furnace).
9. Remove balancing weight.

10. Remove side rod.

- —— — ——a—

é
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11.

12.

15.

16.

17.

18.

19.

clhenmsery
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Measurement of breathing (swelling) of crankshaft.

Measurement of clearance of connecting rod bearing (big-end

bearing). Measurement of 2 @ (crank pin stud crank eye).

If modification of clearance is necessary, bolts must be

fitted according to settled (defined) extension.

Both bearing bushes (pillows) must be fixed in the casingl!

Points 3 - 13 apply equally to both stages.

After measuring swelling in both stages, remove main bea-

rings 2, 3, 4 and 5.

Removing main bearing

a. Measuremant of clearane

]
’

b. Notice length of bolts in fixed state

c. Notice length of bolts in loosened (unscrewed) state

d. Remove pillows. The crankshaft must be lifted by hydraulic
tool half the clearance

e. Inspection of pillows by TMP

f. Inspection of bearing necks (journals) by TMP

—— i n ;-

Replace main bearings.

At both stages: as for point 1l1.

STV A JO " e = .

e — .
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20. Measurement of guideway of crosshead (@ and II) of both

21.

22.

23.

24.

25.

26.

staqes.

Measurement of cylinder.

Replace side rods.

Replace crosshead.

Replace air packing, oil packing and piston (without rings!).

Measurement of state of piston (clearance between pPiston and

bush). Distance on the side on which the crosshead slides.

1.7 - 1.8 mm on the second stage and

1.4 - 1.5 mm at the third stage from the piston.

Testing the state of piston rod with frame level.

Finish assembling; measurement of dead space.

Cleaning: air filter,oil filter, oil tub (tank), steam traps,

nerve, oil fitting. Tightness test of air coolers.

Test run

inspection by TMP

a.
b.
c.
1

e.
f.
g.
h.

Screws and threads

Crosshead

Pillows

Bearing necks (journals)

All antifatiqgue shafts of screws
Shoulder of bushes

Ribs of cylinder covers (tops)
Shoulder of cylinders

(connection between cylinder and casing)

o ——— s, v e
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Absorotion Safety Loop in LINDE's air separation plant

From main condenser liquid oxygen comes to a pump which delivers
it alternatively to one of two absorption vessels filled with
gel. Then liquid oxygen flows back to the main condenser. By this
liquid 02 is permanently 1in circulation through an absorption
apparatus. It holds back (absorbs) 98% of acetylene (propene):
All hydrocarbons not absorbed, like ethene, propane and so on

‘ enrichk somewhat in the fluid.

By the absorption safety loop 13 of 02 production andby
evaporation of this rate the remaining hydrocarbons are removed

!
from the separation column (main condenser) for the most part. !
?
]

The absorption vessel has a service life of 8 days. After this
time the filling must be regenerated and the circulation passes
through the other vessel. The content of acetylene in the main
condenser is limited to 0.1 ppm. Analysis is carried out daily.
For safety reasons hot nitrogen (at a pressure of 5 bar) is used

!

i

as the regeneration medium. z
|

i
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LIST OF MATERIALS

Parts of plant

Materials

Sand filters with fittings and
piping

Carbon steel ASTM A 283-C, with
internal painting

tubes: A 53-A

valves: grey iron Al26-class B~

. Ion exchangers with fittings and
piping

C-steel: RST.37.2., internal
rubbercoated or stainless
steel

vessels: C-steel A264,grade 6
367 clad.

tube: A 43-A, austenitic CrNi
steel

valves: Al26 - class B

austenitic CrNi castings

Pumps in the area of ion ex-

changers

Al26, class B, internal rubber
coated or stainless steel,
AISI 316 B
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12504 (76%) dosing pumps pvC
with f. and pipes Teflon
Na(0i) (50%) dosing pumps PVC
with fittings and pipes

FeCl3 dosing pum PVC

Flocculator

Carbon steel,

painting.

normal steel with
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STEAM REFORMING PLANT LIST OF MATERIALS
Parts of plant Materials
Furnace tube G-X 35NiCrNb 2424, no. 4855

G-X 40CrNisi 2520, no. 4848
HK 40, ASTM A-297, 25 Cr/20Ni

" Outlet header Centrifugal and static castings
27 Ni/18 Cr
Wrought fittings: Incoloy Alloy
800
/
/
‘ Qutlet pigtails Incoloy 800, no. 4876

Incoloy Alloy 800

V 103 - secondary reformer shell: ASTM A 105 GII (Pl), A
212 Gr. B
flange: ASTM A 515-60
bolts: ASTM A 320 grade L7,
A 193, Gr. B 16

H 111 - waste heat boiler shell: A 105 Gr. I (Pl)
tubes: A 335 Gr. P44
flange: A 387 Gr. B P 4

V 104 - primary converter shell: A 204 Gr. B, ASTM A 335
Gr. Pl
flange: A 204 Gr. A

Hi{ 101 - waste heat boiler shell: ASTM A 515 - 60
tubes: ASTM A 106 Gr. B
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LIST OF MATERIALS

Apparatus in ccnvection zone

Materials

Heater for steam H2/1 F101

austenitic steel CrNi ISO:
17/4 N634 (H 32)

ASTM A 199 Gr. T 22 (PS),
A 335-pP22

Heater for steam H2/4F101
Heater for steam H2/2F101

and natural gas

ASTM A 199 Gr. T22 (PS5)

A 335 - P22
ASTM A 199 Gr. T22 (P5)
A 335 - P22

austenitic steel CrNi, ISO
17/4 N634, Incoloy 800

Process air heater H1F 101
natural gas heater H3/2F 101

ASTM A 199 Gr. T22 (P5), A 335
-P22, austenitic CrNi steel,
1S0: 17/4 N634 (H 32)

ASTM A 199, Gr. T 22 (PS)

A 335-P22
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STEAM REFORMING PLANT LIST OF MATERIALS
Apparatus Materials
V 105 sulphur catch vessel shell: ASTM A 212, Gr. B

A 105 Gr. II Pl
flange: ASTM A 105, Gr. I
bolts: ASTM A 194, Gr. 4

® V 106 secondary CO converter shell: ASTM A 515, Gr. B, A
105 Gr. II Pl
flange: ASTM A 105 - I
bolts: ASTM A 194, Gr. 4

H 102 waste heat boiler 1II1 shell: ASTM A 515, Gr. 60
tubes: ASTM A 210, Gr. A-1l

H 103 boiler feedwater shell: ASTM A 515, Gr. 60
tubes: ISO: R683 T 13/23 a
ASTM A 240, Gr. TP

316 (P8)
‘ vV 112, Vv 113, V 114, V 115 shell: ASTM A 105, Gr. I Pl
gas separator demister: ASTM A 240, Cr. TP

316 (P8)
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RECYCLING

== = =

Increasing density of population, the formation of overcrowded
regions, growing industries with expanding production and finally
welfare of each people lead to an encrmous burden on environment.
The disposal of growing amounts of waste from indusiry, traffic
and homes has become a worldwide problem which concerns each of

us.

Wastes coming from industry, business and households are classi-

fied by use into cocling water, process water and excremental

water. All these burden in various manners the bodies of the

K water which they are discharged into: rivers, lakes, the sea and
V so on. Beyond a certain point the natural force of self-purifica-

tion is not sufficient, as is shown by many examples.

Hence, industries and public administration spend a lot of money
on parifying waste waters. Austrian industry has spent 10 billion
Austrian Shillings on purifying water since 1970. That is 41
percent of the whole environmental expenses. To keep the quality

' of water in good condition or to improve the quality of it, many
projects involving sewage drains, purification plants and control
systems are realized. Chemie Linz AG now spends 300 million
Shillings for environmental purposes. 108 million Shillings are
related to purifying water.
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COOLING WATER

The water supply to Chemie Linz AG in industrial plants in Linz
and Enns is taken entirely from the Danube, not from ground

water.

In this connection we have to emphasize that most water in our_

plants is cooling water (about 95 %). This predominating rart of

our water input is given back to the river as clean water which

'. is a little warmed up by the coolers in our plants. But the
warming up of our cooling water is insignificant because waste

heat is used with priority in our plants. The warming up of the

Danube by our cooling water is only 0.05 to 0.1 %. The extent of

// warming up depends on the water flow of the Danube which varies
between certain limits. The legal limit in Austria for warming up

// the Danube is 3 oC.

ANORGANIC PROCESS WATERS

Only a small part of our industrial water given back to the
Danube is polluted. Where it is possible all polluted waters are
purified and neutralized at the origin of their formation. In our
plants there are more than 100 separators and neutralization

units.

From the view of energy, where it is possible, process and
washing water is recycled. In doing so two profits are obtained:
first, far ranging purification of waste water, and secondly, the

production of valuable raw materials.
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In this field Chemie Linz AG developed some internationally known
recycling processes, for example the production of AlF3 from
fluoride-bearing waste water from phosphate fertilizer
production. AlF3 is a desired raw material for aluminium
electrolysis. The know-how for this process was given to many
foreign countries and now there are such plants in the German

Democratic Republic, Romania, Japan, Sweden and Jugoslavia.

EXCREMENTAL WATER AND INDUSTRIAL ORGANIC PROCESS WASTE WATER

It is known that organic substances from industry and house holds
are discharged into rivers and lakes. Here the organic substances
are digested by bacteria lining in the water. By this process CO2
and H20 are formed. This reaction is a basic reaction for the
natural self-purification process in our water. This reaction can
only take place in the presence of a sufficient amount of oxygen.
In the absence of oxygen the micro-organisms cannot exist.
Accordingly purification of waste waters is increasing in cases
of decreasing of oxygen. Such reactions caused by micro-organisms
are used to purify waste water in biological purification plants.
These purification plants are installed before the waste water is
running down to the rivers and lakes, so that only purified water
. 1s coming into them. In the purification plant an additional
effect 1s obtained by bringing in much more oxygen by means of
mechanical treatment. Besides, with this mechanical treatment of
waste waters the sludge arising in the biological step 1is
recycled. In this way a purification of waste water is guaranteed

and only clean water is discharged into rivers and lakes.
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REGIONAL PURIFICATION PLANT LINZ

In comparison with many other rivers in densely populated regions

the water quality of the Danube is not bad. Irn Austria we have

water quality standards. The Danube in Upper Austria is of the

class II and III of a basis of a valuation of four classes. As a

barrage was built on the Danube in 1979 in connexion witﬁ

erecting a hydroelectric power station near Linz, better water

quality standards are now required. House hold wastes together

' with industrial wastes should be purified in the regional

purification plant in Linz. This plant can purify all waste

waters of the region of Linz including industries. So the waste

waters of Chemie Linz AG, VSest Alpine (steel works) and of the

y Enns sugar industries are purified in this biological
' purification plant too.

Apart from water resulting from households and business, organic
waste water is coming from industry. Our plants also generate
organic waste water. But we now are making great efforts in
minimizing waste water. Generally people believe that only poi-
sons are dangerous in waste water. Admittedly, poisons are very
dangerous to natural self-purification processes, but all organic
' substances like now poisonous solvents, food staffs and deter-

gents reduce the oxygen contained in the rivers and lakes.

This information should make you understand that pouring liquids
down drain pipes in laboratories is surely not the right way

to dispose of waste.

In principle all wastes should be separated from water. Further
all mother liquors rhould be recycled and solvents should be
recovered, because, as you know the purification of waste water
in mixed and diluted states is much more expensive and
technically more difficult.
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Nowadays clean water is too valuable t¢o be used as a mean of

transportation for waste disposal.

ACTIVITIES IN OUR WORKS SITUATED IN ENNS (NEAR LINZ)

In our new plants, situated in Enns, acrylonitrile is produced.
Most of the waste water is incinerated. Only a small part of
wastewater which it is not economical to burn has to be purified
by biological treatment.
. To realize these processes it is necessary to combine recycling
steps and enrichment stages while minimizing energy consumption.
In the past diluting of waste waters by cooling waters was
desired in order to reach lower concentrations of emission in the
/ waters. Such a dilution of waste waters is disturbing if a
biological treatment of waste water is intended. In our plant in
Enns a special sewage system is erected to separate cooling

waters from biological treatment plants.

RECYCLING METHODS

At various stages in this paper recycling or recycling methods
. have been mentioned. As a matter of this principle raw materials
are recovered from wastes and can be used for further reactions.

Nowadays recycling is of great importance in dealing with waste.

In the chemical industry recycling methods have been applied long
before environment at protection was born. The reason for such
application was to improve the yields of chemical reactions. An
example is the synthesis of ammonia by reacting nitrogen and
hydrogen. Passing the reactants once leads to yields of 30 %. By
means of recycling yields can be increased up to 98 %.
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Another example is our gypsum sulphuric acid process. In the
production of high quality phosphate fertilizers a great quantity
of sulphuric acid is used to separate an undesired surplus of

calcium from raw phosphate.

In this reaction CaS04 is formed, the so-called gypsum. This
waste material is utilized to produce Portland cement and high-
qualivy sulphuric acid simultaneously. Sulphuric acid is recycled
to fertilizer production. This recycling of gypsum prevents the
‘. formation of giant waste gypsum heaps. On the other hand more
than 100 000 tons per year of calcium sulphate can be saved from

natural sources.

A further example from Chemie Linz AG is the recycling of
lubricating oils and the work-off of fibre wastes and

polyethylene wastes.

These recycling activites by Chemie Linz AG are the reason that
not more than 1 % waste is produced in comparison to the total
production of chemicals. 1 % waste is a very low value in
comparison to 10 § in the great chemical plants of West Germany's

' industry or other industrial spheres.

WASTE DISPOSAL

Waste disposal is a great problem. Not all wastes can be carried
to refuse pits. In Austria there are only a few possibilities for
disposing or difficult wastes. Therefore it is necessary to
ramove these wastes in foreign countries, where they are burned
in special furnaces. In our plants an organization for wastes has
been installed, it is the organization plan which fixes each
waste from production process and determines its disposal or its

recycling.
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1f disposal is chosen there exists a waste book which determines
what has to be done with the wastes. In this manner zll wastes

are registered and their subsequent destins is determined.

It is not possible to review all these environmental problems in
short. It is the aim of this report to show that chemical
industries are able to solve their environmental problems within

.

socially acceptable limits.

New technologies make it possible to realize more extensive laws
for the protection of the environment. Developments so far let us
view the future with optimism. This optimism seems to be very
necessary, thinking of the great problems of the future, first
the growth of world population and securing sufficient food for
people, and secondly making a natural environment possib.e for

the future.




i

LEAFLET ABOUT HANDLING AMMONIA

1. PROPERTIES

1.1

Under normal conditions ammonia (NH3) is a colourless gas with a
characteristic pungent odour. It is readily liquefied by cooling
or compression. The liquefied ammonia evaporates readily and fast
at atmospheric pressure. This gives rise to a powerful
refrigerating effect to 400C below 2zero. Ammonia is wvery soluble

in water, the saturated solution containing 35% NH3.

Synonyms for aqueous solutions: aqua ammonium, water of ammonia,

ammonium hydrate.

1.2

Liquid ammonia, concentrated aqueous solutions, gaseous ammonia in
higher percentages have an irritating effect on the skin,
particular the genitals, the respiratory tract ané mucous membrane
of the nose, due to an alkaline caustic action. Liquid ammonia can

also cause frostbite. The pungent odour gives warning in due time.

Maximum allowable concentration in air (*M.A.C.) : 50 parts per
million (=TLV: threshold limit value).
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*M.A.C. = that concentration in a working atmosphere of a dust,
fume or vapor such that if it is exceeded for appreci-
able periods damage can be caused to the health of the

individuals exposed.
1.3

Fire and explosion hazards exist but are considered small.

2. HANDLING
2.1

Ammonia (gas or liquid) is best removed by spraying plenty of

water into it.
2.2

Explosive limits: 16 to 25% by volume in air. At certain limita-
tions (15.5 - 27% v/v NH3) an ammonia/air mixture is explosive;
naked flames or lights and smoking are therefore prohibited in
rooms where such mixtures might occur. In case welding or jobs
with naked flames really have to be done during erection or
repairing work, this is permitted only with the special approval
of the management of the company under adequate supervision and

observing special precautions.
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2.3

The risk of poisioning and explosion necessitate the utmos* care
with all jobs at containers, apparatus, linings and fittings for
ammonia (depressurizing, careful evaluation, blowing out with N2,
repeated rinsing with water, disconnecting and closing the pipes).
Mines and canals may be entered only with utmost care and using
the appropriate breathing equipment. The precautions for accideﬂﬁ
prevention of the "Berufsgenossenschaft", encl. 4, section A are

to be scrapalously observed.

3. STORAGE .

3.1

Cylinders should be stored away from heat and sunlight.
3.2

They should never be dropped.

3.3

Connections to these cylinders should be tight. Care should be

taken when opening containers, and gas masks worn.
3.4

Recommended storage: in fire-resistant structures away from

chlorine, bromine, iodine and mineral acids.
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3.5

Water is an effective fire-extinguishing agent.

4. TREATHMENT

If licuid ammonia is spilt on clothing, all clothing should be re-
moved immediately and the body thoroughly drenched with water. If
ammonia gets into the eyes, they should be washed immediately with
plenty of water; this may be followed by the introduction of a
saturated solution of boric acid. If pain is severe use a local
anesthetic such as a 0.5% sclution of pontocaine hydrochloride.
Thereafter the application of olive oil or some similar oil is de-
sirable. Continuous warm boric compresses to the eyes may be of
value. The usual treatment for corneal ulcers should be carried
out and an ophthalmologist should be called at once. Respiratory
and circulatory measures should be taken if the concentration of
fumes has been severe and the respiration affected. Inhalations of
S to 7% carbon dioxide in oxygen should be given, and if pulmonary
edema ensues the use of oxygen by means of a tent or intranasal

apparactus is advised.
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5. PRECAUTIONS
5.1

Ammonia vapour is lighter than air (density = 0.6 in relation to
air), therefore they escape overhead. Good ventilation overhead
has to be cared for because ¢f this. In the case of sudden ammonia
escapes, for instance leakages from turbines, fittings or
containers leave rooms as quick as possible, protect mouth and
nose by holding moistened rags in front of them. Even a dry hand-
kerchief or the sleeve of a jacket will do at an emergency at

fire.
5.2

Leakages can be found by searching with a wooden or glass stick
previously dipped into HCl solution of about 15% (be careful -
corrosivel!), or with moistened red litmus paper - in the presence
of ammonia white mists form and/or the litmus paper changes to
blue.

5.3

Absolutely necessary jobs in ammonia poisoned rooms (for instance
operating valves, switching machines off, rescuing injured people)
may be done only with suitable precautions, for instance: fresh
air, compressed air or oxygen breathing apparatus and an
impervious special suit to protect the bondy.
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5.4

With oxygen breathing apparatus the filter K, identification
colour green, is to be used. Stored in rooms with normal humidity,
temperature and atmosphere, this type of filter will last for 3
years in unused condition when kept in the manufacturer's pack.
After expiration of the maximum storage period even unused filters

are not allowed to be used any mcre.

5.5

For work with ammoniac water (ammonia solution) well-fitting
safety-glasses must be worn so that nothing can lash into the
eyes.

6. LITERATURE

A new Dictionary of Chemistry

ed. by Stephen Miall, LL.D.B.Sc. Longman, Green and Co., London

Rompps Chemie Lexikon

Franckh'sche Verlagshandlung, Stuttgart Bd. 1
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Verlag Chemie, Weinheim, Bergstr. Bd. 7

Handbook of Dangerous Materials

by N. Irving Sax
assisted by M. J. O'Merin and W. W. Schultz
Verlag: Reinhold Publishing Corporation
330 West.Forty-Second Str., New York 18, U.S.A.

Merkblatt ueber den Umgang mit Ammoniak

Berufsgenossenschaft der Chemischen Industrie

Verlag Chemie, Weinhe.im, Bergstr.
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RALANCING AND MEASURING VIBRATIOL

1.Balancing

1.1 Introduction

Unbalanced centrifugal forces and nomenta are undesirable because

because of:

- high dynamic béaring forces -- reduction of useful life
- vibration -- fatigue fracture

- reduction of friction

- reduction of porduct value (employment)

- noisy machines i

- influence on personnel

Balancing is the process of attempting to improve the mass

distribution of a body so that it rotates in 'its bearings wihtout

unbalanced centrifugal forces. i ‘

1.2 Measuring unbalance

Unbalance is a vector, therefore the amount and the angle of

unbalance must be measured.
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1.2.1 Centrifuqal palancigg,machines

(balancing machines that provide for the support and rotation of a
rotor and for measuring vibratory forces of motion due to

unbalance in the rotor once per revolution)
a) Soft bearing (above rasonance) balancing machine
(operating at a speed above the natural frequency of the sus-

pension-and-rotor system)

Resonance balancing machine: a balancing machine operating at a

speed equal to the naturai frequency of the suspension-and-
rotor system.

Compensating (zero force) palancing machine: a balancing

machine with a built-in calibrated force system which counter-
acts the unbalanced forces in the rotor.

Direct reading balancing machine: a balancing machine which

indicates the unbalance directly.

b) Hard bearing (below resonance) balancing machine

a balancing machine operating at a speed below the natural
frequency of the suspension-and-rotor system. A dynamometer and
an extremely rigid foundation and machine construction must be

employed.
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¢c) Field balancing

The process of balancing a rotor in its own bearings and
supporting structure at full speed. Measurements are made with
field balancing equipment.

Under such conditions the information required to perform
balancing is derived from measurements of vibratory forces or
motions of the supporting structure and/or measurements of

other responses to rotor unbalance.

1.2.2 Indicating systems

- wattmetric indicating system

- voltmetric indicaﬁing system with phase-sensitive
rectifier

- voltmetric system wiﬁh stroboscope and filter

- voltmetric indicating system with marking of ungular po-
sition con the rotor itself

- compensator with mechanical or electric indication

1.2.3 Motion transducer

- piezo-electric motion transdueer: the voltage signal is
proportional to the écceleration

- electrodynamic motion transducer: the voltage signal is
proportional to the velocity

- inductive motion trénsducer: the voltage signal is propor-

tional to the displacement

- ————— —————
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1.3 Balancing procedures

1.3.1 Static balancing

(is a condition of unbalance for which the central principal axis
is displaced only parallel to the shaft axis)

For disk-shaped rotors the use of only one correction plane may be
sufficient, provided the bearing distance is sufficiently large
and the disk rotates with sufficiently small axial run-out. Single
plane balancing can be done on a pair of knife edges without
rotation of the rotor (gravitational - non rotating - balancing
machine) but is now more usually done on centrifugal balancing

machines.

1.3.2 Dynamic balancing

(is a condition in which the central principal axis is not coin-

cigdent with the shaft axis)

E, E;

A, A,

—.‘ —ﬂh—-——--—--———<—'L

E1l,2 ... Correction plane
Al,2 ... Measuring plane
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a) A run with the original unbalance.

The vectors,
—

Vzo are measured

—
V2,0

b) A known trial mass (ml) is mounted in plane El. The vectors
v 1,1 and V 2,1 are measured. Remove the trial mass and note

the position at 0oC.

c) A known trial mass (m2) is mounted in plane E2. The vectors
V 1,2 and V 2,2 are measured. Remove the trial mass and note

the position at 0oC too.

Evaluation

Graphic evaluation: rarely used because it is protracted and
fallible.

Mumercial evaluation: for equation see "Static and Dynamic Balan-
cing". It is best calculated with a pro-

grammable calculating machine.

. —— - s — -\ ———— e % o ——— e
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1.4 Balance Quality of Rotating Rigid Bodies

Even after balancing the rotor will possess residual unbalance. By
means of the measuring equipment available today unbalance may now
be reduced to rather low limits. However, it would be uneconomical
to exagjgerate the gquality requirements. To which extent the
unbalance must be reduced, and where the optimal economic angd
technical comprise on balance quality has to be struck, can be
correctly determined in individual bases only by extensive
measurement in the laboratory or in the field.

In general we can say:

The residual unbalance force: F = m.r.w2 m unbalance mass

Acceptability limit: F = G/10 G

rotor weight

1t follows:m 10 x f:g-r m (kg); G (N); r (m); N (min'1)

For example: G 100 kg 3 000
100 mm m 10 x 6-1"x 80007 3 x 10-31(3 =3

n = 6000 min

Terms of reference are given by VDI 2060:

On the basis of section 1.4 balance quality grades have been
established which permit classification of the quality
requirements. Each quality grade Q comprises a range of
permissible residual unbalances (e.w.).

See figure 1.

ot A —— - ————
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The quality grade Q equivalent to the centre of gravity-velocity.
The centre of gravity-displacement is given by:

e-3 Q) w(sTH; e (m);

The permissible residual unbalance:

e8¢ n(g); e (m); G (kg); r (m) :

B
]

For example:

G = 100 kg

r = 100 mm

n = 6000 min
Q= 2.5

e = 0.004 mm
m=4g

In general, for rigid rotors with two correction planes, one-half
of the recommended residual unbalance is to be taken for each
plane. For disk-shaped rotors the full recommended value helds for

one plane.

2. Measuring Vibration

2.1 Introduction

High vibration is undesirable, for the reasons given in section
1.1.

—— = v




2.2 Hints for measuring

It is possible to measure displacement, velocity or acceleration.

For evaluating

(s; v-g%. a-%}?)

the vibration it is best to measure the rms-value of vibration

veliocity V rms.

v =||3 3 T V(1) dt

The vibration severity of a machine is to be measured at
operational speed. For variable-speed machines the measurements
should be made at many speeds in order to locate the resonance

frequencies which may possibly occur.

The machine support may significantly affect the vibration levels
measured on the machine. During testing the machine should be
either mounted on its operational foundation or - in case it is a

small assembly - snft mounced/suspended on springs.

Test sould be made preferably in x, ¥, 2 directions (choose the

bearings of the machine).

. —— —— — ——— v——
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2.3 Evaluation Standards

Comoaring the measured values with the limit values specified in
the recommendations, will permit an estimation of the severity of
vibration to be carried out readily.

A machine may be qualified according to the examples of Quality
Judgement (see "Vibration Signature Analysis Techniques and Sy-
stems"). At first the tested machine has to be classified accor;
ding to one of the six specified machine classes. Subsequent-ly
the limit values for the quality groups "gocod”, "allowable”, "just
tolerable” and "not permissible”, can be taken from the approp-
riate table. By comparing the measured vibration severity with
these limit values an easy evaluation of the vibratofy state can
be made. Up to now, examples of quality judgement have:been es’.ab-
lished by the International Standard Organization VDI 2056 for the
machine classes K to T. The machines in classes D:and S vary
considerably in their vibration characteristics and for this rea-
son a classification in the same manner as with the:first four
classes has not yet been possible. For further explanations refer
to the detailed description of proposed VDI 2056, ISO 2372, BS
4675.
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Definition of machine classes

Class K:

Individual parts of engines and machines, integrally connected

with the complete machine in its normal operating condition

(production electrical motors of up to 15 kW are typical of ‘

machines in this category) |
Class M:

Medium-sized machines (typically electrical motors with 17 to 75
kW output) without special foundations; rigidly mounted engines or

machines (up to 300 kW) on special foundations. {
Class G: !
Large prime movers and other larger machines with rotating mass

mounted in rigid and heavy foundations which are relatively stiff

in the direction of vibration measurement.

Class T:

Large prime movers and other large machines with rotating mass :
mounted on foundations which are relatively soft in the direction
of vibration measurement (for example turbongenerator sets,

especially those with lightweight subgtructures).

10




- ——

chemserv

CONSULTING GES M.BH.

Class D:

Machines and mechanical drive systems with unbalanceakble inertia
effects (say, due to reciprocating parts), mounted on foundations
which are relatively stiff in the direction of vibratic:

measucrement.

Class S:

Machines and mechanical drive systems with unbalanceable inertia
effects (say, due to reciprocating parts), mounted on foundations
which are relatively soft in the direction of vibration
measurement; machines with rotating slackcoupled masses such as
beater shafts in grinding mills; machines like centrifugal
machines, with varying unbalances, capable of operating as self
contained units without connecting componeuts; vibrating screen,
dynamic fatigue-testing machines and vibration exciters used in

processing plants.

11
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PAULTS

This survey of faults in operation is not focussed on a particular

turbine - in other words it is of purely general interest.

1) lubrication and bearings
2) safety and monitor devices
3) control system

4) steam quality

5) blades .

6) labyrinths (shaft seals)
7) noise and vibration

8) gencral points

1) Lubrication

1.1 Bearing temperatures rise

1f bearing temperatures rise, this represents a serious danger to
the turbine, which must therefore be shut down immediately if no
success is achieved in dealing with the cause listed below and
lowering the temperature to the values given in the data sheets.
Various factors may be responsible for bearing temperatures

rising:

1.11 Shortage of coolant water:
This means that cooling is inadequate, which can be
recognized by a rise in outlet temperature of both oil and

water from the oil cooler.
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1.111 Coolant water inlet temperature too high

1.112 0il cooler clogged:
This may affect either the water or the oil side; it
is revealed by the o0il outlet temperatur rising while
the coolant water outlet temperature stays the same or
goes down ‘see section 1.34).

If 2 oil coolers are .nstalled, switch over.

1.113 Insuffi-ient bleeding on the coolant water side of the
oil cooler: interferes with heat transfer as in 1.112

(see section 1.12 for bleeding on the oil side).
Shortage of oil:

1.121 Shortage of oil is revealed by a drop in oil pressure;
it is due either to the o0il reservoir sinking too far,
or to insufficient bleeding of the o0il cooler, oil
filter - particularly in twin systems - or other
leads to unsatisfactory cooling and inadequate lubri-

cation.

1.122 0il filter clogged:
1f spring-loaded bypass valves are fitted,non-purified
0il enters the bearings (see section 1.3).
Keep an eye on the pressure drop or the pressure drop

indicator. If a twin oil filter exists, switch over.
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1.123The auxiliary oil pump gets switched off too soon
after the turbine has been shut down - keep an eye oOn
bearing temperatures and switch auxiliary cil pump
back on. The process of final cooling down is con-
cluded only when the heat stored in the impeller and
and housing has been conducted away (see secion "shut
down" in the user manual). Keep to the guideling;
provided by the REG-Kanis staff on site during commis-

sioning.

1.124 Replacing cil cooler:
If the oil cooler is not replaced properly, damage
will result. To reduce the risk of this happening as
far as possible, it is a good idea to affix a flow-
sheet next to the oil coolers.

1.13 The causes listed above apply in the case of insufficient
heat dissipation in relation to constant heat input. How-
ever, it can happen that heat is dissipated satisfactorily
in line with the design data, but excessive heat is input
and leads to a bearing temperature rising. Examples of such

causes:

1.131 Rough running due to serious mineral despits on blades
(increased frictional heat)

1.132Increased axial thrust on the thrust bearing in the
case of serious heavy mineral deposits due to in-
creased impeller chamber pressure (increased fric-
tional heat)

S —— S . T T R—————.. ™
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1.133Vibration in tha machine driven transmitied to the

turbine
1.134 Incorrect alignment (increased frictional heat)

1.135 Extended turbine operation with steam conditions for
which it was not designed (e.g. running without a load
for too long: the bearing on the exhaust steam side
gets too hot)

1.136 Damage to bearing metal, due to mixed friction

1.137 Damage to bearing metal and bearing surfaces as a re-

sult of storage and/or transport

/ 1l.138Interference with free thermal expansion (serrated

coupling jams)
1.139 Shims yield

1.14 Unexpected causes which can neither be identified quickly
nor dealt with at once.

‘ I1f suitable measures (e.g. for sections 1.131 to 1.135 pro-
viding spare capacity in the design of the heat dissipation
system) fail to lower the bearing temperatures to the levels
specified, the turbine mug~ be shut down.

;
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1.2 Lubricant oil pressure too low

This will cause damage to the turbine; so the auxiliary oil pump
must be switched on at once, possibly by a monitor device in the

automatic switching—on mechanism. Possible causes:

1.21 Main lubricant oil pump no longer pumps

1.22 Main oil filter clogs:
In the case of filters with a relief safety bypass,these by-
passes opepn, so the supply of 2il to the turbine continues.

Open and clean the oil filters.

1.23 Shortage of oil due to leaks:
Can easily be detected from the oil level (cf. section
1.12). At this point the turbine manufacturer recommends
fitting a mechanical lock on the shut-off valves on the oil
pumps and o0il reservoir, so that they cannot be closed by

accident or by unauthorized persons.

1.24 Rise in oil supply temperature

1.25 Insufficient final cooling time for the bearings after shut-
ting down. If in doubt, cool down for too long rather than
too short a period. (Cool down either with the auxiliary oil

pump or with a special final cooling pump.)

1.26 Unforeseeable causes which can neither be rapidly identified
not dealt with at once.

1
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Note

In some oil system circuits the bearing o0il pressure drops
from a higher value to that specified in the data sheet as
the turbine speed increases to operating speed. This is due
to the increasing suction of the bearing with increasing

speed, and should not be regarded as a fault.

1.3 Lubricant oil contaminated

The function of the oil aggregate is of crucial significance for
the turbine set to operate reliably. Contaminated oil must

therefore be avoided as a cause of faults during operation.

As a matter of principle, the oil aggregate gets flushed out
before starting up for the first time (flushing oil removed;
lines, oil reservoir, filters, etc. cleaned with care); see

supplement 4a.

1.31 After start up keep a careful eye on the oil filter (pres-
sure drop or pressure drop indicator) and clean it regular-
ly. Once the turbine has been commissioned, clean the oil
filter at regular intervals: once a week at first, later
once a month.

Keep records of this!
In the case of twin filters:

switch over and clean the off-stream filter
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Aggregates with separate o0il reservoir:

A partition divides the oil reservoir into the return half
and the supply half. An oil strainer its built into this
partition in such a way that it can be removed together with
its mounting frame. As a basic ~ule, the strainer should be
cleanaed at regular intervals after commissioning, say once a
week. Whether the strainer in the partition has accumula*ted
much material can be seen from the 0oil levels ahead of aﬂd
beyond it; levels will be significantly different only if

the strainer needs cleaning.

A draining valve is located at the deepest point of the slo-
ping reservoir floor on each of the partition. The sludge
draining valve is located ahead of the strainer. To drain
the oil reservoir completely, both valves must be opened

(because of the partition).

1.33 If condensate has got into the 0il circuit, it should be

drained off with the 2 drain valves only after the system
has been shut down for around 12 hours, to give it time to

settle out.

Draining condensate out of the 0il reservoir:

Take an oil sample once a week and test it for condensate.If
condensate is present, it may be necessary to drain it off
with the machine running, until clear 0il comes out. How-
ever, it is naturally preferable to drain condensate off

only after the system has been éhut down for 12 hours.
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1.34 Cleaning the oil cooler:
Depending on the extent of contamination (see section
1.112), the oil cooler(s) must be cleaned at least once a
year - both the water and the oil side. When removing the
tube stack, take great care that the gland packing is not
damaged; it must seal the sliding head efficiently. If

necessary, replace the packing.
1.35 Do not hose the outside of the oil resrvoir down to clean it
- there would be a risk of water preheating into the

reservoir (cf. supplement 4a, section 4).

1.4 Damage to bearings caused by running backwards

Experience has shown that, when turbo compressors and turbo pumps
are switched off, there is a risk of the non-return valve in the
pump/compressor delivery pipe jamming and failing to close (or
leaking), so that after slowing down machine and turbine rotate in
the reverse direction. This is not good for lubrication, and the
bearings get damaged as a result, possibly in conjunction with da-
mage to the labyrinth seals and blades. (The thrust bearing is de-

signed only for rotation in one direction).

Before switching off, ensure that the non-return valves move as
freely as possible; if the pump/compressor still runs backwards,
apply countersteam immediately until the non-return valve is
closed. The turbine must turn in the intended direction. The

tachometer does not indicate turning in the wrong:direction.
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The delivery pipe on the main oil pump driven by the turbine shaft
is usually equipped with a non-return valve, so that the oil
pumped by the auxiliary oil pump cannot be drawn in the wrong

direction.

Important
‘ Every time that damage occurs to a bearing, check the turbine for

correct alignment; realign with care if necessaryl!
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2) Safety and monitor devices

2.1 Emergency shutdown triggered by excessive speed

Possible causes:

2.11 As excessive speed may be due to a control valve spindle
jamming, check this by reading the valve scales before star-
ting up again (see section 3.11)

2.12 Pressure in delivery pipe suddenly dropping, in the case of
compressar /pump drives

2.13 If an emergency shutdown is caused by excessive speed, the
following points should be noted:

2.131 Allow the turbine to slow down to half speed

2.132 Reset the emergency shutdown valve by turning to the
right all the way to the stop, and latch it in place

2.133 Latch the emergency shutdown device in place only when
the turbine speed has gone down to roughly half of

rated speed

2.134 Set the speed setpoint to the lowest possible value

10
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2.135 Before speeding up turbines with o0il pumps driven by
the turbine shaft or transmission again, check the
lubrication oil pressure. If necessary, switch the
auxiliary oil pump on (if it does not start up auto-
matically).

2.136 The turbine is ready to start running again, once the
emergency shutdown device is back to normal and the
cause of its being triggered has been identified and
dealt with.

2.2 Emergency shutdown due to excessive wear on the thrust bearing

Applies to turbines with axial position monitor. Excessive wear
occurs in the case of mineral deposits as a result of the in-
creased impeller chamber pressure, which leads to increased axial
thrust. In addition, axial vibration of the machines driven cause
increased wear via the pressure of the coupling serrations on the
turbine impeller.

The axial pressure gauge reveals the degree of wear. Before the
limit values specified in the data sheet are reached, appropriate
steps must be taken; if necessary, ask for a fitter to be dis~-
patched. The turbine is at risk, and if possible it should not run

until the damage has been repaired. Do not change settings.

2.3 other forms of emergency shutdown

As regards any other emergency shutdown devices possibly included
in the supply schedule, which are connected to the 3-way solenoid
valve by means of temperature or pressure-dependent contact
devices or act on the emergency shutdown system hydraulically, the
user manual should be consulted if a fault develops; if necessary,

it is advisable to get in touch with the manufacturers.

11
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2.4 Damage to/faults in emergency shutdown valves

2.41

Sealing surfaces:

due to foreign matter

due to excessive loading

due to the guide sleeves being detached

due to erosion of the sealing surfaces

due to the cone wobbling as a result of pressure

equalization

Glands: i

due to being one up too tight (valve does not close)
due to mineral deposits (valve does not close)

due to unsuitable packing material

due to roughness on spindle

due to packing being inserted incorrectly

Dealing with faults discovered:

by means of regular checks for smooth running (see supple-
ment 16 or l1lé6a)

by partly closing the valves to dislodge mineral deposits,

without turning the turbine down

ImEortant

If the emergency shutdown valve glands emit steam and get
tightened up to seal them again, it is essential to check
that the valve in question moves freely afterwards. To do
this, trigger an emergency shutdown, or close valve by hand.

The closing movement must not be impeded in any way.

12
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2.5 Safety features

2.51 The automatic starter for the electric auxiliary oil
pump may fail because it is connected up incorrectly

or set wrong.

2.52 The automatic starter for the auxiliary oil turbo pump
may fail because it is connected up incorrectly or set
wrong. The manufacturers recommend fitting a bypass
with the appropriate shut-off valves in the live steam
line to the turbo pump, so that, if the automatic de-
vice does not work, it is possible to intervene
manually to ensure the supply of oil.

2.53 Spring-loaded safety and relief valves frequently
cause critical fluctuations in the flow both of steam

and of oil. This can be cured by:
2.531 A slight change in the setting

2.532 Fixing/supporting the valve, i.e. securing it

against vibration mechanically

2.533 Refitting the safety valve at a different point

on the line

2.534 If none of the methods just listed cures the
fault, the only possibility is to replace the
valve with the next size up or a different type.
Note
Unless the safety devices work satisfactorily,

the turbine operation is at risk.

13




2.6 Monitor devices

All indicators, recorders and alarm devices are of great
importance for trouble-free turbine operation; if they develop

faults, they raust therefore be repaired or replaced.

14
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3) Paults in speed control

3.1 Nozzle group control valves

3.11 Mineral or other deposits may lead to a control valve
jamming, so that the force of the closing spring is insuf-
ficient to close the valve. In this case the turbine must
be shut down and the valve dismantled and cleaned. If the
turbine stays in operation for any reason, it is possible -

. as an emergency measure - to modify the openiing sequence of
the valves shown in a setting schematic (normally diagram
33). One can try to close the control valve in question by

tapping it gently, using a soft (copper) drift.

As a preventive measure, we recommend modifying the load
from time to time, in order to prevent deposits forming on
the control valve spindles. It is possible tc simulate
changes in load by throttling the emergency shutdown valve
somewhat; the control valves then open fully and desposits
are dislodged.

3.12 As a result of fluctations in the steam mains (which may be
. caused by the boiler, by a safety valve or by a pressure re-
ducing unit) a valve spindle can sometimes shear due to
alternating stresses. In such cases the turbine must be
switched off and the valve in question dismantled. As an
emergency measure, it may be necessary to replace it with a

dummy.

15
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3.13 Valve setting altered or unsiutable:
use the setting schematic (normally diagram 33) to check

this and cortect it.

3.2 Speed controllers

1f speed controllers jam, this is almost always due to contami-

nants.

Faults in:

speed controller supplied by KALB: see supplements 71/71a/71b/71c
speed controller supplied by Jahnss: see faults section in user
manual (list of contents, V2)

speed controller supplied by Woodward: see Woodward documentation
(documentation index in user manual)

other speed controllers: see faults gection in user manual (list

of contents, V2)

3.3 External causes

The live steam pressure (and possibility the blending or reaction
pressure fluctuates, and thus affects the functioning of the speed
controller. This is usually due to a pressure reducing unit not
working prcperly, or to a safety valve on the boiler causing

changes in pressure.

16
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4) Condition of steam

4.1 Contamination with minerals

For types of contamination, and procedures for getting rid
of them, see the full explanation given in supplement 43.
The mineral content of live steam can form deposits on rud—
ner and quide blades, thus gradaally restricting the cross-
. sections of the turbine. The extent to which the turbine has
been fouled can be judged from impeller chamber pressure and
exhaust steam temperature; it is therefore important to keep

a careful check on these.

If the live steam does not meet the purity specification
/ given in supplement 68, mineral depcsits may develop after a
time in some circumstances. There is no way of knowing in
advance, though, which parts of the turbine mineral will be

deposited in - this depends on many different factors.

Mineral deposits in the initial stages cause an immediate
increase in impeller chamber pressure; on the othar hand de-
. posits in the later stages have very little effect on
impeller chamber pressure, but are associated with increased
exhaust steam pressure. However, this last point applies

only above the saturation line of the i/s diagram.

17




- e arama

cdhamserv

1 U\ ]/ aews W

CONSULTING GESMBH

It is advisable to take advantage of any possibilities in
existence for connecting up pressure gauges, and to pay
attention to their readings. As a general rule, the turbine
will be at risk if the pressure rises above the impeller
characteristic curve. In all doubtful cases the manu-
facturers should be called in.

Results of minerals being deposited:

4.11 Drop in performance due to simultaneous reduction in adsorp-

tion capac?ty and in the thermal head made use of
4.12 Excessive load on thrust bearing
4.13 Excessive load on labyrinth glands
4.14 Excessive load on blades

4.2 Foreign bodies in steam

To protect the turbine from foreign bodies, a steam strainer 1is
located upstream of it; this retains any objects above a certain
grain size. Before the turbine is commissioned, it is essential to
ensure that the steam lines are clean. If work has been carried
out on a steam line, it will certainly be necessary to clean it
again. Small foreign bodies have the same effect on the blades as
sand blasting, i.e. the turbine will certainly be damaged as a

result.

18
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The wire mesh (wire gauge 0.4 mm, mesh size 0.6 mm) provisionally
fitted over the steam strainer should be removed within 4 to 6
weeks of commissioning, partly because of the pressure drop and

partly because it has only a short service life.

4.3 Water 3’._2 steam

-

It is essential to prevent any entrained water in the steam
reaching the turbine. In the circumstances indicated in supplement
. 1, it will therefore be necessary to install water traps in the

live steam line or in secondary steam feeders.

19
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5) Blades

Damage to the blades may be the result of corrosion and pitting:
the load-bearing blade cross-section is weakened and the sym-
pathetic vibration frequency changed. This usually leads to
fatigue failure. Turbines must not be damp (exposed to moisture) \

when stationary. In line with supplement 1, shut-off paths should

therefore be used to prevent corrosion of the stationary turbine.
In addition, the instructions for conservation given in supplement
37 must be complied with.

Most forms of damage to the blades are due to mineral deposits,

water shock, water in steam of foreign bodies. Close attention

T R o AP W S P —— -

should therefore be paid to section 4 of these instructions.

Fouling can occur if the rotating device is not switched on as and

 —— - .

when the turbine gets preheated. Preheating the turbine when
stationary is not permissible, regardless of whether live steam or !
countersteam is used for this. Fouling can also occur if the
rotating device is not switched on for uniform final cooling, in
vhich case the non-uniform cooling which may then occur leads to
the impeller warping. The situation is the same if the rotating
device breaks down during final cooling, and is to be started up }
again after the fault has been cured. In such cases it is abso-
lutely essential to rotate the turbine runner at least 2 full
turns, using the hand wheel on the rotating device motor or a
suitable auxiliary device, before applying power. If possible the
turbine should be rotated for approx. 1 hour before starting up.
After starting up, check that the turbine runs smoothly at low :
speed. Only if the turbine gets heated through uniformly is the

runner straight, and smooth running ensured. Only then can the

turbine be run up to full speed without risk.

20
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6) Labyrinths (shaft seals)

If a iabyrinth seal is damaged (by radial or axial fouling) it

will usually leak too much steam and therefore need replacing.

Possible causes of damage

6.1 Fouling at 2xcessive relative expansion - pay attention to

running-in times

6.2 Incorrect handling when openingthe turbineor when fitting/
removing the labyrinths

6.3 Excessive impeller chamber pressure due to mineral deposits

6.4 Impeller warping due to asymmetrical heating up or cooling

down when stationary, followed by incorrect starting up

Damage to labyrinths as a result of

6.5 damage to a bearing:

6.51 running bearing damage (leads to radial fouling)

6.52 thrust bearing damage (leads to axial fouling)

21
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Noise and vibration

If unusual noise is heard shut the turbine down immediately, get

in touch with the manufacturers.

7.1

Drive to turbine incorrectly aligned. Check alignment, and

realign using the values defined in the aligning instruc-

tions.

Causes of noise

7.21

7.22

Noise from the machine: investigate the cause

Noise in serrated couplings:

due to inadequate lubrication, due to incorrect
aligning, due to the swelling of turbine, transmission
or machine (deviating frcm the alignment instructions),
due to acid vapors, due to employing used lock plates,

due to deposits

Noises from turbine:

shut the turbine down, turn by hand as mechanical
check, check the bearings, check the labyrinths, check
the running tolerances, inspect the blades, check for:
foreign bodies, unsatisfactory rebalancing, rebalancing
without half coupling

22
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7.3 Swelling due to heating up:

Any possible swelling (in particular affecting the exhaust steam
pipe) during heating up must be taken into account in aligning the

turbine. If noise develops, realign.
7.4 Rough running:

This is due to blade damage, a warped impeller or incorrect
aligninoc. Asymetrical deposits on or erosion of the blade, or
shifts in the position of the windings in the gererator, can cause
imbalance and thus rough running. Pay attention to critical speeds

as applicablel

8) General points

If the instruction given in the user manual are complied with

consistently, faults will be kept to a minimum and the extent of

damage can be limited effectively if a fault does occur.

8.1 Operate the turbine only with the technical data given. This
covers: live steam pressure, steam temperature, exhaust
steam pressure, rate of temperature change, speed, bearing

temperatures, oil pressures

8.2 Comply with the inspection/testing instructions provided.

23
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TROUBLESHOOTING
The table below lists the main sources of trouble, possible causes
and the remedies advised. If none of the remedies mentioned cures
the fault, you should get in touch with Nuovo Pignone, Florence.

FAULT POSSIBLE CAUSES REMEDY

vibration in incorrect alignment dismantle coupling. Run drive

and unusual unit alone. If the drive unit
asounds from . runs vibration-free, the fault
compressor may be due to wrong alignmert.

To check alignment, please refer
to the corresponding section of

the user manuals.

damage to coupling check state of coupling

compressor rotor inspect the rotor to find out
unbalanced whether the fault is due to dirt
accumulating; if necessary, re-

balance

wear in bearing check the bearings and replace
due to contaminated if necessary

oil

forces transmitted the pipelines must be properly
to the housing via anchored to avoid excessive for-
the gas lines, ces acting on the compressor
leading to incor- housing.The lines must be suf-
rect alignment ficiently elastic to accomodate

thermal expansion.

24




damage to
support
bearings

imkalance in coup-

ling

pumping

machines running
close to the com-

pressor

incorrect lubri-

cation

incorrect align-

ment

bearing clearance
does not comply

with drawing

imbalance in com-
pressor or coup-

ling
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éismantle coupling and check for

correct balance

separate the operating condi-
tions of the compressor from
those of the pumping

isolate the foundation pads in

question and from each other,

and increase the elasticity of

any connecting pipelines

the o0il used cor-
that

regular

check whether
respends to recommended.
Check at

whether the oil is free of water

intervals

and contaminants.

check the and correct

if necessary

alignment

check the clearance and correct

if necessary

refer to the corresponding sec-

tions under the heading "vibra-

tion"

25




damage to
thrust

bearing

damage to
oil seal

rings

excessive axial

pressure

incorrect lubri-

cation

incorrect align-

ment

tion

dirt

ring
does

with

and/or vibra-

in oil

clearance

not comply

drawing

insufficient oil

pressure

chemserv
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check whether the coupling is
clean and installed so that ex-
cessive axial pressure is not
transmitted from the machine

coupled up to the compressor

refer to the corresponding sec-
tion under the heading “damage

to support bearings"

refer to the corresponding sec-
tion under the heading "“vibra-

tion"

check the state of the filters,
and replace clogged filter
inserts. Check that the pipes

ar clean.
check the clearance and correct

if necessary

check that the pressure of the
reference gas does not drop be-

low the prescribed minimum value
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