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1.    MUNITION OF TNI COWLIX ANO 
INDUSTRIAL ZONI 

Throughout the study the term COMPLEX will be used to 
denote the whole comprised of  : 

'    $?n?ìèrr^°Srji *nd  the *cc°*p*nying crude oil and finished product storage tanks 

'    M???lèÌ5S--§iis- ?ith an *«n°nia unit and nitrogen 
fertilizer ana possibly phosphatic fertilizer units 

ê-2S££2S&îSÌS*i.2Ìi2t. 

The  INDUSTRIAL  10M will include,   beside, the complex  : 

•    J:ÖKfe?aSt th« full  purpose of which remains  to be 
established but which should at  least serve the needs 
SÍter?,tníU?-rÍal  20ne' P^icularly as regardî vil material delivery and finished  product shipping 

'    Ô.StSSÇ*±iSSd_industrial and drinkin« water «im* 
supplying thê-wESi;-înaûïtrrïISÏ5nÎM-SiSf£-<iitSA 

* ^ÍHrÍ^2l-YS---2-^S,asCÍDSá.  of Dlants and worxshoos 
icodlrtnfí*COn¥•Ctl°? MÎ«i*l*.  mechanical  sïrîicJs roodstuff3,  ship repairs,  etc... 

• l?fîï2ÇlS2 such as roads,  railways,  power lines    »atar 
suppïî...  product  transfer and^r.n^t syîîemï? Ito. . 

A detailed  examination of the various elements within  *>,-. 

following chapters consist of an ittempt merely to   : 
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2. 

Outlin« th« futur« zont 

litabliah th« mo»t appropriât« overall layout 

Tak« account of tha reciprocal contaquancat of th« 
varioui alttrnativas. 
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3. 

COMMON FACILITI« 

t^olloSïng9? WÌ11 SUPPly the industriâl 20n« ^ 

'    Illaidii!  fr0m1* 
power stÄti°n scaled to meet the 

needs of the complex, the urban area and the harbour 

. Industrial and drinking water 

. Nitrogen (if the partial oxidation orocess is to be 
used for ammonia manufacture). The nitrogen oroduction 
is included in the fertilizer plant. 

In addition, a common service will undertake major items 
of maintenance and technical services for all unirs in tne complex. 

ISSUr-ììLWÌ-1' 0T1  ^hVoth«r hand, produce its own steam, 
compressed air and demineralized water as required. 

.  It appears neither necessarv nor economical to Droduce 
these centrally, bearing in mind that users* specifi- 
cations vary, that the distances to am  crossed are 
resDonsible in particular for heat loss in the cas* 
of steam, and also that such a system is too rigid and 
thus presents problems for users whose orocesses or 
moment-to-moment requirements vary. 

. Each unit will thus have its own utilities plant, 
comprising : r   * 

- steam production 

- service and instrument air supplies 

- fuel storage and treatment facilities 

- further industrial water treatment if necessary. 

Furthermore, day-to-day maintenance, inspection, fire 
fighting, treatment of waste water and other wastes are 
specific to each unit and will therefore not be centralized 
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J. MWLATIOK« 

§ I5îrÎr?nnhn?elunHr:S?? governila the arrangement and operation of crude oil, derivative and residue processing 
pianti will be applied to the refinery and the petrochem- 
ical complex. These regulations cover : 

. Layout requirements and safe distance« to be observed 

. The construction and definition of certain items of 
equipment and installations 

Operating requirements. 

• The fertilizer plant will be covered by the French regula- 
tions on dangerous, unhealthy and noxious units j certain 
parts will if necessary be covered also by th« regulations 
referred to above. 

• The harbour area and petroleum product storage tanks 
outwiththe refinery will come under the French regulations 
on liquid hydrocarbon storage, arrangements and operation. 

• £Í£?lines wil1 b* cov«r«d by th« French regulations on 
high pressure liquid and liquefied hydrocarbon pipelines. 

• Industrial waste will be processed according to French 

It is to be noted that French regulations are generally 
••vere when compared to similar regulations in the world. 

f 
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I.  PtMiiu uvmft 

I. !Ntrt4«ct1«ft 

t. Itfttrtl chtrtcttHitici «f c«iti it*4t#< 

S. Acctn U litt 

4. Fftjtct itvt1tpa#«t 
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*••    INTRODUCTION 

to meet certain tíchniííi    îî      G?verniMr^  it required 
tive. while it  thï Î•  ììmÌ^w10 *nd "*«••*« objec- 
imposed by the siîe Useïf !J ^* 4CC0^t of constraints y     • site itself and environmental considerations. 

«nd of the  volume once  all  ÎÏÎ „Í£ 3  chaPrer-  A^  the 
zone and residuai areí h¡v~e tlT***** °£ tht  ¿atrial 
will be compared on i-hï Jaïîï «5 !S *x*mined«  solutions 
the investi? in?Slved. °f tht  V°lume of work  **d 

to be confirming «oil  Î^ÎSvï  (Ì0??P!; WhlCí WÍU  rt*uirt 

analysis),  the only neaníof  ÏÎJMÎÎ  *tT*W* and core 
on tüe type  of fouXdSSn ?orr:haeChvî?io4urSnr!Ctst.deCiSi°n 
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6. 

2.    9t*fftAL CHMACTMIITICI OF TMI CA HI ITUOtU 

Effir=°us:Ä^ HAS: r•«by th« 

. Space must be allowed for futur« expansion 

* îgïï^t1 SStlt!.i5SSd
l0

bnVpp,#d out'm in—- 
. J«id«nti*l area, must be kept separate from industrial 

• SîîSVïïS ï:„s:little inttrfer* — *s ^i, •*«» 

CME MM : COWHEX IN SITE NORTH ; HMIOUH IN SITE NOHTN 

(drawing A.Oui) 

' iîfÎ?îïyF fertili"r *nd Petrochemical plant, together 

. Crude oil storage within the refinery fence 

. Harbour to the North of NGHI SON Island (area C) 

. Power plant near the harbour (area D) 

«te  ì  ç„.k ,  *w* uirsnor« operations, warehouses. 

1 



7. 

Câli  N'2  :   ÇÛWtlXJCATTMIO OVER  SITI NORTH ANO SOUTH   i 

MWUUI HUH WIIN   (Jr„Ug A.0071  

. Refinery  and  petrochemical  plant   in area F 

' clr^jr" Pl4nt *nd  ?0Wer pUnt *re nt4r th« harbour 

. Crude oil  reserve storage capacity  in area B 

. Harbour  to  th« North of NGHI SON  1$Und (ir«* C). 

The refinery and p«troch«micâl plants  are located  i-  » 
non-cultivat.d aro.  Subsoil quality appears tIì*ab*Ì. 
and generally_ foundation,  should not V.\lill liUVllc.pt 
for heavy equipment.  Th«  fertilizer plant is naíÍthí    P 

harbour,  thus  r.ducinf bag and bulk  ?rtnsPort "ïta^e, 

Not« that casas  n°   1 
of earthwork,  which 
th« complax platforms. 
of earthwork~~wMnh%în?Ar*q?i?t.* su*>stantial amount or «artwork,  which could ba minimised,  i.a. by t«rracinf 

Câtl  *'3  :   COW^tCX  IN RITI SOUTH  ;   HAHOU«  IN SITI SOUTH 
(«•rawlnf A.003) 

Refinery and petrochemical plant  in araa B 

Fertilizer plant in araa D 

Crude oil  storage within the rafinary fence 

Harbour to  the south of NGHI SON  Island  (area E) 

Power plant  near the  fertilizer plant   (area D). 

ini ssds¿sf.rhui:rvseiiíííb€tw"- N?HI SON
 
MM 

•     Canalising the river 

.    A strong probability of fumes lingering. 



a. 

With regard to soil typt the  Southern part is much mor« 
varied than the North, having  in particular mudbanks 
Alternating with soft clay and  sand.   This  typ« of soil 
will undoubtedly mean pilad foundations.   In the  area 
chosen  for storage tanks  a thorough  soil survey must be 
carried out  in order to determine tank foundation type. 

C*Si  NM   :   COMPLEX   IN  SITE  NORTH   5   HARIOUR   IN  SITE NORTH 

(drawing A.l'04) 

Refinery,   fertilizer and petrochemical plants  together 
m area A,   with crude oil  storage  capacity inside the 
refinery  fence 

.     Harbour to  the North of NGHI  SON  Island  (area C) 

Power plant near the harbour   (area D) 

The complex is  sited in a level  area,  thus  very little 
earthwork will  be required.   It   is not  far from the 
harbour,   so connecting links are short. 

There  is  room for expansion to  the North and in ©articular 
to the West. y 

This  layout  leaves  areas  B and  D free  for the auxiliary 
harbour  installations and small   industries  planned. 

Road and rail   links are short,   as  is  the waste wai-er 
discharge channel. 

While soil quality appears  to  be good,  this  must be verified 
by means  of te-et bores. 

The major drawback with this  layout  is  that it uses large 
areas of cultivated land. 

C*» M»S   :   COHHCX   IN SITE  SOUTH   ;   HARIOUR   IN SITI NORTH 

(é>i*1n«j A.005) 

Refinery,   fertilizer and petrochemical plants  together 
in areas  B  and D, with crude oil  storage capacity within 
the refinery fence 

Harbour to  the North of NGHI  SON Island  (area C) 

Power plant  near the harbour   (area D) 
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9. 

The complex it  very clos« to th« harbour, so  this cast 
involv««  th« shortest connecting links. 

On th« other hend it means   : 

Long«r road and rail links 

Canalizing the river 

and l«aves little room for further «xtensions. 

The  units ar« surrounded by hills  to the North,  South 
ana West. 

Soil quality is  doubtful. 

-«, 



10. 

3.    ACCISS TO SITI 

wSî£ï    wmenf;te  »^•«•d.i».  ^rthworth then  civil 
ïSSîîtï    It  iS*SÎÎÏÎtt,ï,ing imP°rt4^ »attrial. and 
toPth¿ UriV    difficult to  convey materials   and supplia« 
IL ì\i^e by road or railway,  because the existing means 
«re either inadequate or already overloaded. * 

«USÎ^Ï* 5tfrt,Lt  is nac«ssary to  provide access by  sea in 
order to unload materials and  supplies. V 

For economic  purposes it would be  desirable tha* all  these 
facilities  could be integrated in  the future  n^rbîur. 

Iti t*ki!!í«t!í;.2#fíni-ivt h*rbour  location, works'  schedule ; -inipiZTzv.ii^j^z^^*rf 

fSîûïîîïiï*?* •*. th\M<*th of NGHI-SON Island  appears a 
nîïS^ÎÏ Î  locatlon for the wharf.   Indeed sea  bed with ^ i. 
n.îr îîîis4poLCtCeSS  Path t0 th* fiSh ****** «o«    So«! 

S?2;trU?t:L2n of a wharf  150m  lQng and about  10m wide 
with aplatform 50-70m long and  23m wide together íi?h a 
5n?n,*CSe-S W;y Ï*11 allow ateríais and supplies " be" unloaded m  the  first phase. j^.*•  -o  De 

HVÌZ tná^ the  h*rbour works were  late, a channel cani A 

îîm.âInàddÎ?xïcSuïtiePîent  (shi°'»*^ .-rating* was^ToT 

ï 
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for final  conclusion«  to b« formed    Birt^,,?!.?    •        ici,nt 

of .oil typ*, and st* condition?        pêrtlcui*riv « ^P«ct 

included  in Châpttr  3,  «ntitUd »Harbour» Ind  i 
rtquititiont. 

Harbour- *nd in Apptndix 2. 
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12. 

1.     INTÄO0ÜCTI0K 

On account of th« country's   geographical features,   -he 
destinations  to which the products  of the complex a^e 
to be itnt and the inadequacy of overland transport, 
raost of the output of the THANH HOA province complex will 
o« snipped by sea. 

T5*„•í! for n*rbour  infrastructure  in the northern  part 
of VIETNAM  (the port of HAIPHONG being saturated)   is  a 
further incentive for the construction of a deep water 
harbour near NGHI  SON Island which could then serve  a 
wider area than the nearby industrial and urban zone 
«lone. 

In the course of  discussions  with  PETROVIETNAM it was 
*greed that  the harbour infrastructure described in  this 
chapter would be merely a general  framework within which 
the  necessary raw material delivery and product  shipping 
facilities could be set  up. f*>in§ 

The  final design of the future harbour, which is outwith 
the scope of the present  study,  cannot be determined until 
all  the necessary data has been assembled and analysed, 
both  in the  laboratory and in model form. 

Í 
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2.     STUDY CASES 

For a number of reasons  connected with  shore and sea 
f£atur**'   two sites hâve  been chosen for  study,  one  to 
the North and the other to the South of NGHI SON Island. 

The harbour layout schemes  suggested here are only one 
possible  solution, the main  reason for this exercise  being 
the need to outline a preliminary project  to allow invest- 
ment  to be  calculated and for such schemes  to be included 
in the general study comparing implementation to the 
north and to the south of the   19°20'  parallel,  the harbour 
not necessarily being in the  same zone. 

2.1.     HARBOUR  TO  THE  NORTH OF  NGHI  SON  ( drawing A.001) 

This  location has the  advantage that NGHI SON Island 
ïî * natural b*rrier against south-easterly swells. 
The  northern spur of the  island could be extended by 
e rock-fill jetty to make  the basin even more sheltered, 

A sloping breakwater perpendicular to the shore and 
3,500  to   u,000 metres  in  length will provide orotection 
against  north-easterly swells. 

As  the  sea bad is of sand  sloping gently and gradually 
towards   the open sea,  breakwater will have to be 
fairly long in order to  reach sufficient natural depth, 
to  keep  dredging and maintenance  costs   to a minimum. 

Clearly  in order to establish breakwater measurements a 
balance will have to be  made out taking  into account   : 

.    The  state of the sea bed after dredging (slope and 

Dredging costs 

,    Cost of breakwater materials at site 

.    Comparative study of the protection afforded by 
different layouts and breakwater lengths. 

1 
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îî\i*ï°?tB  il^s5r*t«d «sum«  channel depth to  be 

applies  to h«r?M¡¡ Un      y Ät  hlgh tide   *   this   *ls° 
hïî th. ÎLS  dïSSf »MMW'«.   « th. turning  basin 

s^-'viHa í^^JS
0
^;;^ ¡is sì"- 

^thj^bcur  énonce and  on^^*^ 2M  be 

hfî!.t5*t   the  2epth squired  also   justifies  auavs 
being far out  from the bank,   thus  creatina a  ÎiïLhT. 
SEI1.*?*  innñl harb0Ur W¿ÍCh  "ûïd ben

us:d to  Írííte 
3îïïir:2S?:.Wlth 0p€n b4sina  *nd **•*• according^' 

âHUrï-î1!?;  b^¿í-n  •Son°»ic4lly built using dredged materai as  backfill after construction of • .ncircling 

bî.aïwatlrfSilîhh!e dykt? !nd  th#  bd" of «>• main 
in î^area ** qUarPi#d   i  ^^i s««ms  possible 

th! «ïîîïWît€; âr^r Uy,r and Pithead protection,  on 
15 t hh;??i  ï111 Prob*bly squire blocks of oSSí 
15 t which  «m  have to be artificially manufactured. 

The breakwater will be capped wi^h stona fi*..  -«*     • n have a protective wan    Î; .11! stone f^ags and will 
in all withers '  t0 *ll0W *CC'SS t0 th* wh*rv« 



15. 

2.2.     HA'jQU» TO THC SOUTH Of  NQHI  SON   (drying A.003) 

hÍÍ¡LgÍVÉS *  fairly   l°ng  channel and a very open 
harbour    and may have to be reconsidered il thTuiht 
sÎrvïv îorb?%tâ'   ?°; ,XAm?ls UP°n completion o? tíí 
îuTïîy-  ; b€ carri«d out  in this area.  A point of oarti- 
o? HON MiT.V ï°  be  inv«"iW«d would be  the  Infilili. of HON ME Island on  north-easterly  swells. 

th! §iîi^?n 0f îhe Pierhe*d will not be decided  um-il 
,     rctl0J *nd  characteristics of south-easterïv 

swells  have been  thoroughly studied.   A secondary break  - 

araste t^s^-SSü: aÄ^ir1^ 
dr.dg.d mit.rUl could b.  us.d « ¿«ckfiU    Not.  that 

ïï££îtEcAVur,'M'l"th« «*•* -i-.t^.^ 
ÏÎUIÎ w°uld»  however,  be  a saving of  20  % on the 
SCÌA* dUe  t0   itS b€ing Sh0rt- than%innthTNorth 

ÍStth¡gNSS?h,«ÍKÍ^°Uld ?• simil*rily constituted a. fonnrtV« 3°l^ion,  unless  sea conditions were 
found to vary  enormously  from one site to  the other. 

ÏÏÎn?!rhVÎ the. *PProach channel and of the various 
turning and berthing areas  are  the  same  in both cales. 

tï;msimof*vol^^frHCharaCttristics  c*n b« *^d up in 
follow?: 0f  dr€d«ln« *nd breakwater length a« 

r 
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IS. 

Drudging  (m>) 

Harbour pl*tforra (m) 

Main br««kwtt«r (m) 
(pert outwith ltvcl 
•trip« ) 

MOUTH 

*•   700   000 

1100   x  780 

3   100 

2   300 

SOUTH 

<•   500   000 

700  x   5C0 
• btckfill  «long 

th« Island 

1   700 

1 wso 

Î 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
f 

17. 

5. CftUM OIL MLIVtiY 

dÎîivaîyV PrÌOrÌ tW° P0"i¿i^i« *» regards crud. oil 

. Tanker berthing in the harbour ât suitable quays 

' ï2Î°îia? 4t ••*• CrUdt b*in« broulht in i>y hott end 

• Th« topography of th« area shows th*t depth of 13-1* 
20 uî«2fC-I fîir1^ cl?M in.hort wh«r«4t depths of «Mtr«a ar« found only around HON ME Island. 

íf.íírf- t4nï*r* (ov«r 150,000 DWT) ar« to b« used, 
îiîh 301Sîû°5uTbOUt *? km* WiU b# •c«"ry, wherea. -nth 30,000 DWT vessels it need only be 2km in length. 

:h« • Two main types of cruda oil will be delivered ^o 
refinery : local and imported cruda. Thar« is no 
dXÌÌ££r *dv*nt*«Vin u«¿*f l*rga vassals ov«r short 
hi •ÍS    L0CÎX Crudt wil1 xn  mo,t c*«« *>• delivered by madium sized vassals, i.«. 30 to 50,000 DWT I* i« 
mora economical to ship importad cruda, on the'oth.r 
hand, in larga tankars. 

# bî'PîaSSîS^Ï °?f3horVunloading facilities will thus 
^required for imported cruda only. Sine« possibly 
Rifarà;!.1 *u*ntltir wil1 b. aportad, it s'eems ' 

"idÄ        "*lin*without d•tÄn, on ••• 

limtlïî  îSlUîf0n? "•'F1 * Priori mort °r 1«« «quivalant •o that th« final choica could be mad« at a later 
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19. 

Sfwfvtr, tho nétur« of Vittntntf« crud« oil with it« 
hifh pour point probtEly count! Igílüít thí ïU líSi 
«othod. 

SïJï'S    J?*? tânk,r * Cirt*in minimum chtnn.l ïnd oorth d«pth  it r«quirtd. 

9 
I 
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19. 

*.   WCIIVIIÜ Al« SMIPflNt PACILITIIS 

*3«Îï;;nt ÍS m0rt °r lM» th« »•»• whâttv« the tolution adopted. 

• .i.    OU  (sac Vol UM« 3, Chapter 1)       (f1|yrt3.l) 

The main requirements for oil ara two wharves   : 

* inÂ híírí,-ith ^° b€r?hs ••ch comprising a platform *nd  breasting and mooring dolphins! p ra 

On«   of th« berths -berth  I- will be able tn r-ir- 
vessala of up  to 60-70,000 DWT. **' 

Th«  other -berth IA- will be able to take coaster« 

Í,   VÎv,^     üe^y Produc«s  l*rge surpluses of fuel oil   (shipped from berth  I). 

• Ons  wharf with four berths   : 

Barths II and  III for coasters only up to  10,000 DWT, 

Berth IV for coasters   (up to  3,000  DWT) and barges. 

Berth V for barges only  (up to  50 0 DWT). 

5a¡L5ính ÍS ^uiPP,d with *deo.uate  loading and/or 
unloading arms, meters and all instruments iequired. 
(bïïÎÏÎÎ1 b:rth.   includt ^ballasting facilities (ballast water is  sent to  the refinery). 



4.t.     SOLID MOOUCT SHIMINQ 
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.     2 barg« b.rthi to taje*  500  DWT máximum ti» 

g .     :  coa.t.r  b.rth  to  ta*.   3,000   ÎWT  maxinum six.. 

I 
I 

2ü. 

«1.     V.C.K. 

I2Î1th?r?»t,V<îî
nKb,-ï,,d for r««i"in« VCM.  In vi.w 

I 

unloading capacity »ni to .xt.nd harbour facili?!.. 
| :¿^•.!hlPy•rd•  l0fi,,ic c'nt"  f°r toiÏÏinTfUïiîîl.., 

I 
í 
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5,     Pft&JtCT DfVllOWUNT 

The harbour implementation  study  cannot commence un'il 
•il th« necessary data has  bean assembled  : 

.     Physical properties of th« sit« 

Q«n«ral operation 

Local resources. 

Som« data is availabl« on th« ohyiicalDroD«rti«s of th« 
Jjgj.  Includ«d in th. App.ndix^ï'rKa^Sfr.îîi^ltiSn 
covering oc«anographic surveys, topographical data, 
soundings, tests and  laboratory work  (set Appendix  2). 

D*ta on gtn«ral operation  includ«   : 

.     Exp«ct«d traffic   :   - volume 

- kind 
- veesel typ« 

Proposed facilities - 3lipway 
- typ« of dry dock 
- ship r«pair yards 
- storag« systems 
- sh«ds 

- land area s«rv«d 

D«t« on  local r««oMr?«.  Cov«r ; 

.     Quarri«s - rock quality 

- granulomatry 

.     Equipment availabl« in VIETKAM  :  - marine equipment 

- dr«dging «quipm«nt 
- onshor« «quipm«nt 

.     Irapl«m«ntation m«thods best suited to local conditions, 
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«.    MtlMNTI«. tONt m MN.IC '«CIUTIII 

.    towr«) «••«rOtlM ( tan i tt tft* %tUf 

.    CdtitruetUii 

PukHc fieliUU« 
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1.    HmUL MtetlFTION - BASIS 0« THt ITUOY 

tíü ÎÎÎ.Î"J Publi« filiti«, will  b« implamentad 43 
ÎÏÎ- *?*g? ot * town«hip which will eventually neve a population of torn« 200,000. «v.nnuaxiy 

SiiLfir,t ft*p ?U1 involv« conttruction of townihio 
to houi. *rouna SO.OQj  innabitanti  in 10,0°5 houîîng 
uniti on the basi« of 5 people par unit. ' 

i 
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2.   tin 

The residential area must be far anough from the 
industrial zone to be free from its unpleasant aspects 
i.e. noise and pollution, yet close enough to allow 
its inhabitants to cycle to worK. In addition the 
surroundings should be as pleasant as possiole. 

An area of some 9 00 ha is available around the stretch 
or water presently being created at the month of the 
River BANG and would make a suitable site. 

The surroundings are satisfactory, the township would 
be by the sea and separated from the industrial zone 
oy a wooaed area or a green belt, and the stretch 
of freeh water will provide both a boundary and an 
amenity. 
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S.   IHNU l TAUT I AND TYH OF NOMINI 

3.1.  INHAIITANTS 

The futur« township will hous« : 

«) Present inhabitants of th« area, displacía on 
account of th« construction of th« residential 
ar«a and th« industrial zon«, wnetner «ngag«d 
on th« project or not. 

61 ÎÎÎSÎSÎ2*"* *?d ^°rk«r« fr<=• oth«r parts of 
VIETNAM involved in construction. 

C|  ií^Ííi^ •xP*tri*t« manag«m«nt and assemblers 
mvolv«d in supervision and unit «r«ction. 

d)     Vi«tnam«s« manag«m«nt and workers «ngaged in 
operating and maintanance. 

*' ISEiI?r^*.?5n**?m*nt *«3isting with initial operation and maintenance. *'•*•* 

muï;iiî,,,-îap?Ciîîliy for tn08# in ^tegories b) and c), 
must obviously be constructed very early on in the 
project so as to provide suitable accommodation close 
to the site for all local and expatriate personnel, 
trom commencement of construction. 



lì. 

3.2. TYPE OP NOUS INS 

J. lAJIJ 

A typical homing unit assumed to housa 5 people 
ana to nava the following surface araa : f 
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.    Main rooms 30 m2 

.     Kitchan 9 m* 

Bathroom,  storaga spact 6 m2 

TOTAL *5 m2 

ZMAMTANT*  fU HECTARE 

Urban zonas ara of thraa type« .• 

Inh«bitants/hectare 

. Dansaly populated 250 

. Moaarately populated isO 

• Sparsaly populatad ioo. 

Density in accommodation built in rha vicinity of 
industrial complexas to housa local and expatriate 
personnel is generally 70 inhabitants/hectare, 
for these reasons : 

. There is a high proportion of common facilities 
to inhabitants 

. Housing is of single storey type to make for 
ease and speed of construction. 

Assuming for the *irst stage a township of 50,000 
with a high proportion of public facilities to COM 
with future development and with a density of 
100 inhabitants/hectare, surface area will be 

50 000 

100 
• 500 ha 

1 
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Wn«n further buildings are added, taking into 
account existing public facilities population 
demeity ¿ould become  120 inhabitants/hectare,  i.t, 

153 OOu 
12Q 

1   250 ha 

the  total land  require* thus  being  1 750 h«.   If 
the  township  i3  to be kept  to the  äüü  h* site, 
this gives t density of 

200 Q0°  •  250  inhabitants/he. 
300 

This is  the equivalent of a deneely populated 
urban area, and multi-storey blocks would have 
to be constructed. 

A compromise would be to biend single storey 
detached nouses witn gardens with two or three- 
storey blocks  to be usea as  Dacnelor accommodation 
and for some public facilities such as administration 
th« hospital,  etc... 

J 



t.  cmmmictm 
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Sine« 10 OuO housing units and tha accompanying public 
r«ciliti«s nâv« to b« constructed, in « v«ry short tim«, 
construction will hav« to b« industrialiiad. 

In viaw of this 4 light prefabricating works should b« 
••t up near th« industrial zon« to produc« concr«t« parts 
(bonders, posts, b«ams and panels) and -if there is ciay 
naarlv - caramics (bricks, tilas, ate..). 

Th« mataríais proaucad would ba usad in construction of 
th« first stag« of th« resiaential ara«,  industrial and 
harbour installation, and subsaquantly tha sacond stag« 
of tha residential araa. C«m«nt raquir«raants could b« mat 
either by constructing a cement works or by importing. 
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S.    »JÊLIC PACrUTtiS 

I 
I 
I 
I Tha townsnip will nacassarily includa th« followini : 

I. Administration building 
. Polic« station 
. Sanaral sarvicas building 

Snooping and crafts cantra 

I. Rastaurants and short-tarm accommodation 
• Hospital and social sarvicas 
. Cultural cantra 

• Sporta compiax 

. Watar purification plant (outaida tha built-up ara«) 
m . Drinking watar and powar supplias (saa ralavant chaptars). 

hîÎÎÎÎÏÎ  Jading «trips will hava to ba built naar tha 
hospital and naar tha industrial zona. An airport is to 
ba constructad to tha North of tha sita. *irporx ls to 

^^•^ÊÊt—m 
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I.    •UCTllCtTY PMttKTIM 

^tHM if tht Mt*r lUtitft 

IltctrUUy r«*«ff*«t«tl 

CtMdty 

Typt tf stillili 

liy«wt 

UltHNtl«* tf t*t 1*é«ltrU1  til 
MfitM   Itfttt 



I 
I 
I 
Í 

1.    INTHttUCTlM 

Powar suppliti to tht industriel tnd urban zonas  involvt  î 

.    a gtntrating station 

*    ïhhi|h V?ltâI*  (30 kV) n«twork »applying th« consuatrs, 

- th« rtfinary 

- tht pttrochtmical plant 

• tht ftrtiliztr plant 

tht harbour 

- tht town of 50,00 0  (first stag«). 

HÏÎÎ ••ction Mt» °ut various possibili tits and solutions 
with rtsptct to tht purpost,  typt and layout of tht 
gtntrating station. 



2.  mrnrnu w TU *m* ITATIOH 

În^ÎL^Î b* i,*u*r«d to f««d the national grid,  and 

intended to link up with the national grid,   initially 
*t ¿!"í'   though this mi*ht b« don« at * latar stííi 
in which case  this  power  station would be thî firîî ¡tao 
towards  a  larger station  scaled  to the  national grid      P 

JíÍ*.8^*tÍon will produce   solely electricity,  i.e.   it is 
not intended to provide steam fir the  various Ìni-s in 
the complex,  which are expected  to do  so thïm.ïîva,. 

r 
r J 
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33. 

3.    iUCTBICITY MQUIRIMfNTS 

l.i.     INDUSTRIAL  ZONE 

S^Io*!!  Within tht industrial  zone are  not intended 

The power  requirements   of fh«  ref-in*•, »r,n *-«*.-i- 

SïïîîvîÎ^îS-in01, the  r8fir^>   only schemïs  with fit! i !•     }      lnv«stment are  being considered,   i.e 

by PETROVXETwa Svï^înUdoÎÏS! *lternatÍV8S ?•?°"* 

The requirements of the industrial zone are as follows j 

.    Refinery a-17 MW 

•    Petrochemical plant  5 

.    Fertilizer plant        8-17 

.    Harbour o.5 

TOTAL 21.5-39.5  MW 
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3.2.    URMM ZONE 
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•" » average annual consumption  : 

| •     Type     I users 2,300 kWh/year 

.     Typ.   II  U8€rs 303 kWh/ye4ri 

1 SAîsLVo'f MnruSiVíriS So* ^in« ^. 
I Typ.  I and Type  n  us^s^e^t^*  iTflUll , 

• Type     I     :   20   %   i.e.   2,ü00 

|                                     •     Type   H     .   go  %  i...  8,000. 

2.n«ïhwiuï"b; fV€r4g# ânnUal «option for dom..tic 

• Type  I     :     2,000  x  2,000  • k x   10« 

|                                     •     Type  II   : 800  x  3fQ00  ,  6,4xlo6 

3«, 

10.1+x 10 kWh/year I 

I 10.4x10« x     0.2     ,     2.09X10« JcWh/y.« 

Thi.  put,  the town's  total averag« annual consumption at   • 

• <10.*  •   2.08)   10«   .   i2.U8 xl0. kWh/y€ap# 

• Ptêk power for the town will be :     • . M 
• H 

I taking N as  2,000 hours   (sum of oeak n.r><„H. 
». n.*9*io* p iods ovtr th* *•«•> 

I 
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2,000 
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Í.3. Th« rang« of total r«quir«m«nta to b« m«t ii is follow» : 

.  Minimum    27. S MW 

. Maximum    ^5.5 MW. 

3.4. It Î^SÎ îî# POw«r itâtion *n additional r«quir«a«nt 
îLl+l ÏÏ Í! *ilow0f » which P**tly covtrs th« futur« growth of th« town   (to almoit doubl«)   : 

Minimum 

Maximum 

32  MW 

50  MW 



<•.    CAPACITY 

î 

2uîrtïî.Uitlm*t* dim«"«i°• of th. Mfin.ry and f.rtiliz.r 

At this stag« thr«« alt«rnatives may b« «nvis«g«d  : 

• Cas« A : total rtquiremants • 3 2 MW 

total rtquir«m«nts • t+0 MW 

total r«quir«m«nt«    •     50 MW. 

Cas« 3 

Cas« C 

8ffi8 In A \?\§W]TX 0f ?h€ P°w#r »**tion will b«   32 MW, 
TÏïZ ! • rts?«ctiv«ly-   Guarant««d capacity is  her« 
tak«n to m«an capacity availabl« to th« grid,  or n«? 

Îî^^itÏÏStïïî.1"1*"  -^«^ity gÍWating^it 

CASE Ase 

GUARANTEED CAPACITY ÍMW) 32 40 «0 

80LUTI0N 1 2 x 32 2 „ 40 2 x SO 

S0LUTI0N 2 3x11 3 x 20 3 x 25 

S0LUTI0N3 ««IO.!       4x13.5        4x11.5 

S0LUTI0N4 **• Sx 10 5x12.1 

«•fcx^^B-J 
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iSÌAg'r.ìIo'nÌI"1 tW0 UnitS'  iS r^*ct-d ^ «»• 

*    tí/LwTi?'3 ;° *V€rage r*q^r«m«nts on account of the  low load ratio expected   : >—<*"<.  Ul 

load ratio  t    av«raga  requirements 
net capacity 

ïîtîS'îaV *v,r*g€ retirements  are  25  MW the  lo«d 

25 

2  x  32 
«     39  % 

rïtiS'îdV' *v#r*f* ^^^rements are uo MW the load 

40 

2   v   50 
«     «*0   % 

LÎÎîL°Uî*?•Xim*J*ly k0 %  ia r*th«r low if the desired efficiency is to be obtained. 

*    ?Ì2UÌSL°n* Uniî  f*U»  the who1« cómeles dependa on 
¡ÜÄ r:nab°?eal0ne'  S° thÄt P0^er "W"- 2 are 

The other three solutions  are acceptable provided that 
ïhï Sììf11^7 0f eaCh Unit is efficient ?o,uDply 
«ïndbï? * *Ven Wn,n th* Up«Mt unit i« « « 

It is much more imoortant at this stasa to define the 
type of mtr rr\r penible. 1M th< 
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S.    TYH 0» ITATIOH 

Th« power station may bt of the following typ«»   : 

.    Total condensation st«am turbin« 

.    Sa» turbin« 

Diesel. 

S. i.     TOTAL CONDENSATION STEAM TUMINE 

Thi» typ« of pow«r station is particularly suited 
to m«dium and large capacity unit»   (ov«r 5u MW),  th« 
high inv«»tm«nt being comp«n»at«d by 

.    high efficiency 

.    great reliability 

.    wide range of possible fuels. 

The latter point is important sine« with a r«fin«ry 
close by,  residual fuel oil could be used «s fu«l. 

Th« possibility will be considered of setting up 
three  20 or  25  MW units,  each with   : 

.    high pressure boiler 

.    condensing turbo-alternator 

.    auxiliary «quipnwnt,  including a larg« cooling 
systsm. 

Smaller sized units would not b« economical. 

m —   i 

.J 
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*•*.    ÔAS TumiNE 

This typ« of power station is suited to «m«n **A 
medium capacity units (up to 90 MW).   ,m*U *nd 

Investment is lower dhnur ^^«-^ «.•  ». 
•bove typa, but S'ti^S^^ÎJd t"M) ^ f0r th* 

• «fficiancy is medium, and mediocre with a low load 

• reliability depends on the fuel used 

• the fuel h*g to be fairly noble. 

On the last point, note that : 

lîliÎulï îUe}  f0r gas turb¿nes is gas or distillata 
£ÍÍ¿«H;\.íUel «•«•wily contains mítals which caí 

vitil.     lnhibition of thair corrosive action is 

dïfficîîîï ÌVìln*1  íUil oil from MINAS crude could be 

3i?hg:SdIsriÍíl?eW^d,ntheref0fe haVe t0 be *»U** som« Sn  nnn  i i at an *nn^*l consumption rate of 
some  90,000  tons  for anaverage requirement of  30  SS. 

ï"binî tfvïi 2ï*lity ^""derations  in mind,   the gas 

a great «xten^oTco^racìcis^tenders      '^^  t0 

Syl^  
ixktly for two sets to be out of action atlhï^m. tima. 

m      inni  3 
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5.J.    OUSEL 

From th« capacity viewpoint this typ« i« also suitable 

s? thypr: tír^iii^aon9 of '•^"itÄrs1!- 

îïïbïîr^pi: bífr(âbout us times) thM ** «>• î« 
. «fficiancy is «xc«ll«nt, whatever tht load 

. residual fual can b« u«ad as fual. 

••••   cHOicc OF mg 

Sî.fof1^hi,t*bl; *'1-  sumjR*^i«» th« main pros and 
zl 5 0 m yP# f0r ?0W,r c*P*city  in th« ring, of 3 2 

fíS1^!*2'   givt? Pr«liain«ry and comparativ« fisuras 

• î.     •       at **3  turbln«  type  is  haavilv oenaliz.d 
comparad with th« two othars  by a high«? fuil^ît 
(llü$/ton  instead of 37$/ton). 
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TAtl.1 

ELECTRIC »ONER HANI 

S.l 

' COMPARISON 

CHAP.ACTEAISTICS GAS TumiNES •IESEL 5TEAM TumiNES 

Eraction and start-up 
duration <1.5 yaart 2 ysari > 2 yaart 

Reliability par unit Averege Ava rag a Sood 

Residuai futi oil 
utilization 

Vary 
difficult Possible Possible 

Adequacy to 
raquiramanti Good Good Oifficult 

Unit consumption 
fuel/kWh High Low Avaraga 

Qparatlng labour Low Low High 

Maintenance coat/kWh High High Avaraga 

Cpereting coat/kWh High Average Avaraga 

Invaatmant/KW Low Avaraga High 

I 
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COMPAftIO KWH  MOtUCTION COST 

I ClUtOPlAN  IAIIS)     MID     1971 
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QA1 TUMXNf OIISIL QNOUP CONMNtATXON 
(• to 20 mi (1 te 20 mi STIMI TumiNt 

(20 to so mi 

I 
I 

INVtSTPUNT  (1/kW) 32S 4M 700 

I                            O^HtCZATXON t$/nWh) 3 4 I 

QPWATING COST  C$/f1Wh) 31 24 21 

of which mi    (S/nWh) (M) (m (21) 

TOTAL    tt/HWft) 42 21 34 

m    •' J 
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I. LAYOUT 

Layout depends en the typ« of power stati on. 

for every 20 MW. in* water : 5 2'JO m3/h 

In this complex two solutions are possible : 

. Closed circuit cooling, using atmospheric cooler. 

. Direct cooling by sea water. 

l««ving th. eoo""iì hïïh.î tiì; t.mp.ratur. of wat.r 
t.mp.rîtur. (by abo" i4htl  f" Jv;r«f "f «*t.r 
In addition make-up „4„r (wíi-d V^í-*-ffci,ncy> • w=uld b. U3.d at /»t.v&vvjÄs ra 
bun?":.r?n,

on
3:ap°"«r st*rion °f ^ •-**• >». « ». 

to have the ini-ak« in ïîiî    harbour, ^n order 
would be on Îh/SîhÎS sidï o?*¿l\*n\ÚÍ3Ch**** 
avoid warm water being r^ed Thl^*^ t0 

bí nÍÍr^^^ífxíLrpl^^'w^ÍSr*1, St*tion ^ 
from the sea to thì nor-h?eas- ¿2 2îr.?!t€r int4k€ 

to th. South  (see drawing A  00^      diach*r*«  into  the ,.a 
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<.t. A fi, turbin« or <U«,.i typ. pov.r it.-rion da.. *«,- 
r.,uir. .„eh quinti«., of oolltíj il"" ,o ".« 
ir. f.w.r eon.tr.int, on l.yout. "' •  *° "«• 
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7.    »imitUTION TO TMI INDUSTRIAL 
ANO UftSAN ZOMf S 

CXeiCi OF  VOLTAflE 

^«í?* 0f th* !m*U *r** t0 b* *^PPii«d and the averace 
»IVtll.  /••""•<» to bt required,   30  kV would be a sîiîîble 
voltâg« rrom the point of view of efficiency and inïi.Sî«. 

ï?ÏUSï!;,«WiïhKt.ls v°lta**  it is  still possible to use 
î2îiï^ïî€f*brîCât*<? metallic «U«  toi the power 
Itllim inn îUpPiy S0*nt"   *  thtse h*v« th« ^vintages 
mai""aíce llZtVJ*  lns*all?îio".  • **1°r operation and maintenance problems,  and  a high safety level for users. 

DISTRIBUTION 

$0 kV ovtxktad Un^i 

Three points are to be supplied  : 

.     Refinery and petrochemical units 

.     Fertilizer plant 

.     Town 

fïd*£îU^r?-iablVuppli*s»  •** P°int should be fed by two Unes.   In the event of failure of one line 
the other would supply total power needs? ' 

bïiî.quî?îd?her#f0r8 that  SiX  3° kV ov,Ph^ lin" «»Id 

$9 kV èiiooty pointa 

°    WINERY AND  PETROCHEM^CAy tflffp 

Two supply points, one par plant,  ««eh fed by one line 
.^interconnected by a   3 0 kV overhead or under^ounS 

J 



FERTILIZER   PL^MT 

URBAN ZONE 

From thar* powïr 52 2 #2Î S Vii *? °PPotit« »id.i. 
town for lorvJuïÎÎ'^tÎ^^Î^"^10- »itnin th. 

S^SSVtîïïî1• €*Ch ?°^nt »W"« *bout  50  4  of 
hïï-ÎJîî -    al pow,r r«quir«m«nts.   In th« cas« of 
ssïïftSpîî.0"*point th« °th,r uouid t«: "" ?hf. 

I 

i 
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I.    DOWITIC AMO INMtîlt«. »*H* WML HI 

1.    ëtureti 

i 



1.   soma 

It is  planned to draw fresh water from the artificial 
reservoir under construction in the SÏNG riî2 .ìluìry. 

bíISIeúíirEÍMnt4tlv#i W€r* *dvis«d that the flow would be 6 cubic metres per second and tnat pumping coula 
continue throughout the year. 

^¿iir!r P01nt  1S  imP°rtant *nd will  require  to be 
checked once construction of the reservoir is comcle-ed 
tllìT ìì SOm! CaSM the Planent floSdinî of Sí!;^* 
ÎSÏÏÎ aff*c5«d by the tides alters the balïnce of wîtïr 
tables,   so  that considerable  losses occur by seepage 

i^b/ÍFfí/0  SÌtÌnS *he Water intake»   w« recommend  that 
ÎÎ-Ï %î    Í      ^stream from the reservoir as  oossible  so 
ruling w¡?:r    ent  PUnt Wil1 *1WayS b*  3U^Ued from 

Se^í?•^•"?8 uf redu<rinS future  treatment problems 
trlrllt?ÍÍ Í;1Cant chan*«8  in the physico-chemical 
ESuîhï ÎÏ °í Kat-r 8t0rad in n*tur41 reservoirs and brought about by the presence or development of vegetable 

TOi-,bïUiS«îw^bî ascerM;ain«d whether drinking water could 
ÍSw îhï  ifìì underground springs  and Jater tables 
near the  site,  reservoir water then being  used exclusi- 
vely in the  industrial units. S1 
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2.     fttOUMIMINTS 

2.1.     DKINKING HATER 

At this stag« of th« proj«ct a reasonable estimate of 
waterconsumption would be 100 litrts par haad par day, 

for     5G  000  inhabitants 

for  200 000  inhabitants 

5 oou m3/aay 

20  000 mVday. 

ÏÏSndrÌ•<ing water  supply plant could b« dasignad for 
bOOO mVday during  Stage  1.   It  is  sufficiant  to doubla 
this rata to cover peak demand. 

The plant would therefore operate at an average rate of 

.     For     50 000  inhabitants   :   5   ffi ;'ffi]j *  2   .   us  1/s 

.     For  200 000  inhabitants   :   20  000 m'/dav x  2, 
¿**h  x  â6Ô5  s i/s 

These figures will  have to be readjusted to  rake 
account of the public buildings where water consumption 
is lower. r 

For the  industrial  zone (excluding the township and 
harbour) taking as  basis a workforce of 250 0  in the 
first stage and a consumption of  100 litres  per person 
par day,  total consumption would be  250 m3/day aivin* 
a  peak rate of   : • 

250 m3 x  1.5 
2Uh x  3  600  a 

* 5  1/s 

This would be doublad for Stage  2. 

Harbour water requirements include in oarticular fresh 
water for ships, estimated at about HOC) mJ/day in the 
first stage and double this in the second. 
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'•2.    IHUimiAl «ATI» 

pr=i.=t. a. foii.ssrì:i.lT^;tb:
h^ii2din th* 

Rafinery 

Fertilizar complex 

P«trochamical complex 

Powar station 

200   -   370  m3/h 

520  -  900 mJ/h 

*bout    35 m3/h 

negligible * 

n«gligibl« 

100 m'/h 

Harbour 

Various industrias   (astimata) 

¿ SI 
ütras/sacond 

Domastic usas 
- Urban zona 
- Port 
- Industrial zona 
TOTAL 

•    Industrial usas 

TOTAL «10-5SO 

UÔ0 
20 

<*9ü 

560-8i*0 

1050-1330 

" SSr.i'-S" " "- •«**» — ». l«m,tM »Mr 



I»    TftfATMtNT PUWT 

*.i.    m VAT» MOITIES 

It i» «asumsd that r*w wattr will  : 

• s ¡«vs •ï•ïï,K•^••••"", -"«• <•"-' 

3.2.     TMATHtNT  SCHEME 

«°.nœ ïrss•^. nîh
e:::*;ry ? «« r.quir.M„t, 

I 

t ï«eh u..r will tAÎ?;?oKn:•Î0îr"
t"*" l» "« PO..ibl.. 

I 
Í 
Í 

«"i^ÄT^S^-^^ffiig,,;.«- 

^ 
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3.3. BfSCRIPTION OF THE PLANT 

'•  *IfgK WATER  INTAKf 

Raw water will b 
pumps fitt 
sent to th 

will be taken from the river by ele 
ea with cleanable mesh and filters, 
e treatment olant. 

ctric 
and 

to\În?îï€ WÌ1Ì b-   si2Äd so as t0 *llow P^P capacity to be  increased without  any major alterations. 

2.     niMAKV  TREATMENT 

This  consists of clarification by décantation after 
coagulation,  flobulation and neutralizado?? 

The clarified water will  be sent by gravity to a 
reserve tank  from where  it will go  to two pumpiîg 
stations   : r    • 

.    one  feeding the  industrial water supply network 

•    the other taking the  decanted water to  drinkma 
water treatment. arming 

*•     9ntHKlHQ  WATER TREATMENT 

ïystemî11 COnsist of * *uick *ct*n* "nd filtei 

*>     CHLQRINATIOH   PLAUT 

2î!r îi\.ì! *    he tW-n roU oS P"«<=hlorin«ting 
d«?nf~i.í    °V€ or«*nic m*ttar in P*rticular and desmfecting water for human consumption. 
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1.4.   $umv NfmoitK 

The treatment plant will feed two separata supolv 
networks, on« taking industrial water to users in tha 
Ï2 ÎÎ/ÎÎJÏV*!!!* T*kif" drinkin« ««tar to both tha town ana users in tha complex. 
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7,    LIAI 

1. *••<! 

t. IU1 !*»•/• 

3. I«ttrc««««ct1t«t 

4. Mtitt vtttr élspttll 



1. ROAOS 

Roads will be of two types : 

. Main roads serving the complex directly, formed of 
îwervïîioU carriagew*y* s«P«rated by a central 

' ??í!nd*ry-ro*d? from th« implex to the harbour end 
also possibly boundary roads, formed of one b metre 
carriageway with two-way traffic. 

ÏÎÎh£^inci?al**??ro*ch road to th« complex and to the 
SMÌ? wU1 f0l-°W !** line of an «siting earth road which joins up with highway n«l. 

iSii-î^n ?°! betwe?n this *PProach road and the industrial 
units will be not less than 150m, firstly for safetv 
bï4uïîd fSr SeCOndly t0 ailow th€ intervening space to 

pipes to and from the harbour 

pipes linking the various units 

power and communications cables 

the industrial waste water sea discharge pipe 

a cycle track. 

From this main road side roads will lead off to the 

up traffic while observing safety requirements The 
complex and other industrial zone units win be linked 
^?hVe8id€ntial ar" by a road runníní north-Îî«î following the coast for the most part. 

Preliminary estimates of road lengths according to the 
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8tia.s8iâi §tS8&*tC¥.?9i¿f 

CASE N«l 7 300 8 900 

CASE Nu2 10 30U 11 800 

CAS£ N°3 11 3 00 11 900 

CASE H°>* F 900 a âoo 
CASE N°S 10 2U0 i eoo 

I'- 
ll» 



2. RAÜ.MAYS 

Allowance has been made for the proposal widening of 
tracks from the present 1.1 metres to the standard 
1.4»+ m. 

ÎÎTÎ fí ^ ?n , lìn*  servin« th* complex and harbour 
will be light and slow-moving, standard 35 kg/m rail 
win be usea with concrete sleepers and smooth stone or 
crushed stone ballast. 

Rail access will be by means of a new line joined up 
with the present line and serving the various units bv 
branch lines. y 

The railway approaches the complex from the north. It 
links up with the main line at the CUA BANG river loop, 
wV?rev

lt runs alongside the road and railway. A bridge 
will have to be built over the river. 

TO avoid holding up traffic on the highway this could be 
built over the new railway line. 

To ensure an efficient service a marshalling yard must 
be built, consisting of : •**•«. 

• * group of sidings with three tracks roughlv 5 00 m 
i.; lenght (depending on the length of trains" on the 
line), one track being for arrivals, one for departures 
and one for through traffic. 

. a set of marshalling tracks, initially perhaps four 
in number with room for more if required to serve the 
industrial and harbour zones. 

The marshalling yard will be on level ground between the 
complex and the main railway line. 

Approximate line lengths for the alternative layout« are 
as follows : 

r 

J 
i 



CASE N°l 10 100 m«tr«» 

CASE N°2 U 700 m«tr«a 

CASE N°3 15 TOO m«tr«s 

CASE N°u 9 20 0 mttras 

CASE N°S lu 703 m«tr«s 

I 
r 
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3,     MTMCONNICTIONI 

îhiïn?nï î*   M •'*?  b#tw««n units within the complex, 
ÎÏÎXÎ * facilities and  tne centralized utility units 
(electricity, water, nitrogen). y 

It is  too soon to define these in detail at this stase 
since production capacities have not yet ìl*l  tirili? decided. 

ÎoLÏ?«nPÏÎ£°KftS  °f,Slt€ CÎ>mP*ri3on,  however,  a basic 
of ÏÏÎSÎ.Ï r ad°Pted'  involving a refining  schím. 
iLtni» 5    f^Pl«*!^.  * fertilizer plant menufacturing 
HSí¿LÍL?heiP*ftÍ41 oxidati°n method and also urea, a petrochemical plant  producing PVC  only,  and the 
corresponding auxiliary  units. " 

oa 

Pipelines will run   : 

.    From je¿*ne*y to kviboux,  taking the various products 

«S Ä'out!" rât#*   FU#1 0il  PÍPM Wiil *•  ^«.d 

.    From <ta*6ou/t to etude Uo/tage ianfci 

' 2?\iî:2î.îî5î*,€ **"*' *• MW"M» lwh*n th"« are 

.    From *e|*«e** to powix uation (insulated, heated pipe) 

r 
r J 
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57. 

JOtii»iTttnt., 

îS: astori?, Z^MT^ 
by conv»^ »* 

produced. F °QK  lf ""rophoaphatas ara to ba 

W3SM. 

Pip«lint  from tht ftrtilix«** -««.«i- 
to u..r.   («flWK^SScíS&S cÏÏp!ï5î?'tl0B *"« 

»0M« LIW{? 

chip*«;*?)'"" th* Purification ,t.,i0„ to users  («t« 

r 
r 

Pipslin« from harbour to PVC pl«nt, 
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I,    MASTI WATIR DISPOSAI 

4.1.    COMPLEX 

Watt« wat«r  from the complex will undergo specific 
treatment   in aach unit bafore b«ing sent to a channal 
common to  all units discharging  into the sea. 

This channel will also  collect  unpolluted water from 
non-contaminated  zones   in each  unit. 

On leaving  «ach unit waste will meet  the specifications 
laid down  in the regulations  referred to in chapter 1.3 
so that  pollution will be sufficiently low as  to 
present  no  hazard to animal and plant life. 

4.2.     UKBAN  ZONE 

r 
r 

On account  of urban density a purification station will 
have to be  built for urban waste water collected by a 
separating  system. 

The treatment plant will have  to  be  included in the 
preliminary  phase of the project  in order to handle 
effluent  from the construction camp,  and will  be 
exoanded as   the population increases. 

On the  basis of data presently  available it is  difficult 
to assess   population growth,   the estimate being  10,000 
at the  completion of construction  and start-up rising 
to 50,000   and eventually 200,000  inhabitants. 

In view of  this the plant must be of medium size 
initially  to facilitate  subsequent  expansion. 

In this case if appears  preferable to choose a plant 
bated on activated sludge with aerobic sludge stabili- 
zation,  on  account of investment being low and operation 
simple,  although energy consumption is somewhat higher. 



*.  metter unum 

1      PlMlInt routt 

t.    CMtci §f Mttrlil 
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59.       f 

In view of the inadequacy of overland transport it 
!í)!Í,Ablt T° SuPPlv th« HANOI region  by meant of « product! pipeline. 

seems 
finished 

It is  estimated that some 83S  000 tons, or  1 050  000 m3 

white products   (gasolines,  kerosene and diesel oil) 
could be shipped by this means. 

Although initial  investment is high,   pipeline transport 
offerì  a means of saving energy and cutting down road and 
rail traffic. 

Large capacity terminal storage facilities will be 

IUI IMI       lì 
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1.     PIPtUNf ROUT! 

On leaving  the sit« the   pipeline route meets  up with ^he 
North-Sc ith  railway and  runs  parallel to   it  until THANH 
HOA.   It skirts round the west  side of the  town,   crosses 
the SONG MA river and then 6 or 7 km further on meets up 
with highway n°l which  it  follows practically up to the 
terminal South of HANOI,   passing to the west  of  NINH BINH 
and to the  east of  PHULY   Drawing A.010. 

All built-up areas are to be by-passed in order to prevent 
inconvenience to the population and to avoid construction 
problems. 

As almost all the land to be crossed is planted with rice 
*nd subject  to flooding,   the pipe must be weighted down to 
prevent it  from rising when empty - this  is  particularly 
liable to happen with 10" pipe. 

Bearing this  in mind it   is preferable to lay the  pipe 
along the roadside whenever possible. 

All river crossings will  be excavated. 

The estimated length of the pipeline is  210  km. 

«•*—«MM-J 



2.    CHOI« OF MATERIAL 

61. 

In calculating diameter account was taken of   : 

.     the  nominal rate of  1   050  000 m3/yr of white product! 
including gasoline,  kerosene and gas   oil with an 
average density of  0.3 0 

.     steel qualities   :  API  5  L grade B 
API   5   LX -  X  52 

The first of these  is  an ordinary steel requiring no 
special precautions. 

The second requires more care and special welding 
rods. 

There are two possibilities   s 

•"  "P* 

To achieve the nominal rate with 3" pipe an intermediate 
pumping station is necessary. 

Using three intermediate stations 1 400 000 m3/yr could 
be conveyed. 

Weight of pipeline : 8" pipe API 5L grade B steel : 7700 t 

API 5LX-X52 : 6750 t 

With 10" pipe the nominal rate can be achieved directly 
and there is no need for an intermediate pumping station. 

Using one intermediate pumping station 1 400 000 mJ can be 
moved, and with three intermediate pumping stations the 
nominal rate can be doubled, i.e. 2 100 000 m1. 

Weight of pipeline : 10" pipe API 5L grade B steel : 8450 t 

API 5LX-X52 : 7850 t 
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62. 

ÎL? °?,ing 10  .PiP« * food «*ftty margin ig «n«ur«d,  th« 
nominal rat« baing doublad. On tht othar hand if tha rat« 
ii not likaly to vary in th« foreseeable futur« it would 
J« battar to use 8" pip« which involve«  low«r inv«stm«nt 
for both the pip« itself and for construction, but which 
maan« at  least one extra pumping station. 

Th« choice of steel  quality depends on  the qualification 
°£i2?      ng lâbour»  on th< «*s« of obtaining   pipe and 
waiamg rods, and on th« tim- required for pip« manufactura. 
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64. 

The objective of this part is to compare th« 5 possible 
locations defined in chapter 2. 

For the purpose of comparison and in order to figure the 
overall investment cost of the industrial zone implementation 
(excluding town) arbitrary refining and fertilizer 
production schemes have been considered. 

Such a selection obviously affects the auxiliaries plants 
such as electricity and water production facilities. 

Rtfinerv 

Capacity 
Scheme n°6 

5  000 000  tons/year 
Coking/thermal cracking 
Design 50/50 MINAS/ARABIAN crudes 

Fertilizer. 

Ammonia 

Urea 

1000 tons/day 
process   :   partial oxidation 

570  000 tons/year 

Petrochemicals 

•     PVC 60  000 tons/year 

Power plant        Diesel    6 x 9 MW. 

Case n°2 has been selected as basic case.  Such a solution 
rits with several criteria proposed by TETRO VIETNAM,  i.e. 

.    maximum cultivated land saving 

.    scattering of the plants and particularly of crude oil 
and finished product storages 

.    general preference for the Northern site. 

J 



65. 

«hîîîiîf g    5    Pf*nt3  *nd r«mot¿rig them from th. se* 
obvioufly make  the case N°2  the most  expensive to be 
implemented  (table 9.1    ).    However  serious  unknowns 
remain concerning   the quality of so ili  and SStîom îea 
concerned for case  N°3,  the cheaoest.   Only detailed 
surveys could  provide   information on  that'sublet which 
could possibly modify the present ranking. 

Í5,4îî? ? present economic comparison shows th 
additional cost to be spent to respect some agri 
or strategic  constraints,  (table   9.2 ). agricultural 

iîVvSXt?TÏaV\b€ôn eva¿u*ted ift th« s*m« w*y *s defined in Volume III,   chapter  3.S.  Calculation have bien mad« 

Note once more  that the corresponding  figures are only 
Íí2#r^°f m*«n^tud« Presented for comparison purpose 
end likely to be   largely modified in  a further stage. 

Expenses involved  by temporary facilities   to be installed 
at the beginning  of the project implementation,  i.e. 

.    temporary wharf  for receiving the   first  equipment 

access roads 

.    temporary camp  and utilities 

ere included in the investments  (erected in VIETNAM) 
estimated for the  main production units. "iWÄi" 

J 
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TAIL!     f.l 

ICONOWIC  COMPARISON OP  THE ALTERNATIVI!   PROPOSED  IY 

PETROVIETNAM 

MATERIAL BALANCE  (tons/yaar) 

[. Urta 
. Ammonium nitrati 

>. Nitrophoaphata  (20/30) 
I. Nitric acid 

• Calcium carbonata 

¡RAW MATERIALS  UTILITIES 

Ptadatock for ammonia 

I. Phoiphata rocK  (tona/ya«-) 
. Fual dO*Kcal/h) 
. Powar (kWh/h) 

|. Matar (mVh) 

ECONOMIC ITEMS   (including ammonia) 

|T0TAL INVESTMENT  IN VIETNAM  (10JUS$) 

OPERATING COST     (10'US$) 

ISAY OUT TIME  (yaara) 

I 
I 
r 
r 

ALTERNATIVE I ALTERNATIVE II ALTERNATIVE III 

200 000 
333 000 
300 000 

450 QQO 
150 000 

570 000 

10 000 
171 000 

10 000 

fual oil fual oil fual oil 

225 000 . . 
436 

14 220 
1 510 

384 
S Q4S 
1 210 

391 
5 OSO 

990 

563 000 465 OOO 410 000 

55 210 42 610 41 375 

7.4 7.3 e.4 

-m- i 
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A preliminary  schedule of implementation has been 
worked out and is presented in figure 10.1 

l! ÎîgJt€2 î,t*b^«h«<i using European conditions and hai 
to be adaptad to Vietnamese conditions in a further stage. 

u 
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70. 

1.    TOPOMAPHtCAL fütVIY POP TNI COMPUX SITI 

The  present  requisition  defines  the  services,   supplies 
*nd works to be done in Accordance with  BEICI? drÂwing 
entitled  "DELIMITATION OF TOPOGRAPHICAL  SURVEY AREA NS 

73060.A.100"  and with  the  standard STD   1700-30-02 
"MARKERS" and the following descriptions   : 

A.     TOPOGRAPHIC  SUKVEYS 

Topographic survey will be made en sit«  located to th« 
Wast of NGHI-50N  ISLAND in  th« TINH GIA DISTRICT - THANK 
HOA PROVINCE - and ¡narked by letters A.   3.  C. D... 

a) Plot surveys made on a 50m grid,  see  note   1,  localized 
within letters  as designated by 3EICIP drawing. 

b) Survey covering all details concerning this area such 
«s   : 
roads,  paths,  canals or various ditches,  vegetation, 
Und under cultivation,  etc... 

c) Draughting a map-scale   1/2000,  see note 2,  to show 
Ail the Above detAils  so AS the position of the drill 
holes,  n3   1-2-3  plus on« hole per 10.000  squ«re metres. 

I i arid of 50» fox flat end uneomnd mil 

(¡rid of 25a for very wooded and uneven «oil 

*P« 2 i J/5000 it the UN ig vmry lary« 
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2.    WOltKi AND SUMUCftS 

issfi^rby^^ìiirAt'BT'c!^.1?*^'4t druun«apotf 

3.  PARTICULAR REQUIREMENTS 

î^rÎÎ7?^ mMfur«««nti will b« giv.n with r«fsr«nc« 
to th« lowest l«v«l w«t«r <C-u««d on th« VIETNAM marin« 

•.  0RAMIN6S I DOCUHEHTS 

Th« contractor will provid« th« following documenti : 

. Cost« for topographical §urv«ys 

. Costs for th« markers 

. Costs for all th« drawings 

. Schadul« for carrying out : d«sign, works and suppliers ñ 
ri 
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72. 

2.   mutes, TiiTiiwt AMO LABORATORY WORKS FOR THI SITI 

The present requisition defines services and works to oe 
don* m accordane« with the descriptions made below : 

1. Drilling 

2. Sampling and shipment of samples 

3. Testing 

»*. Laboratory study end analysis 

5. Documents to be provided. 

1. DK1LUNQS 

I 
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Holes  shall be drilled on spots indicated on drawin» 
Fillio ??ií2ITAr?N °f JOPOGRAPHICAÍIU^EA' 
n    73060.A-100    and localized on the ground by surveyor's 
stakes  - average depth of the boring will be  30 metres! 

2-     »ARRIINS ANO SHI»HINT OF  SAMPLES 

«)  SAMPllXG 

ïìîïv^?•5n,SÍÎEí•, wil1 b€ taktn from *u borings at •very l.5m maximum or at every structura change of the 

Undisturbed samples will be taken at 3m intarvtls or 
*t each structure of the soil. ' or 

i*» — 3 



Samplee should permit th« reconstitution of tht 
stratification. Consequently, «ach sample shell 
beer the following  information   : 

.    Date when sample was   taken 

Boring number 

.    Depth in  relation  to  ground   level  - one sample of 
phreatic water will  be taken in each  boring. 

*>)   SHIPMENT OF  ÜNPISTUR8EP  SAMPLES 

Undisturbed  samples   shall be enclosed  in metallic 
or plastic  shells,   under paraffin and  sealed. 

Packing shall be such that the   samples are not disturbed 
by vibrations during the  transport. 

On the arrival at the soil laooratory  the shell   shall 
be mechanically opened. 

3.   "IN SITU"  TESTINO 

The "In Situ Testing"  shall  be made by dynamic oenetrometer 
at  each drilling spot. 

i'hese testings   should  permit a continuous  representation 
of  the peak strength and  lateral fiction. 

They will  be carried on  up  the good soil. 

These testings  will be  made  for each boring.   Other testing3 
will be requested if  necessary. 

These "In   situ"  tasting will  include the  diagrams of  the 
penetration tests with  description of the  characteristics 
of  the apparatus used. 

4.     LAIOMTORY  STUDY AMO ANALYSIS 

t 
r 
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«J   IPfMTlPICATIQN TEST1HQS 

From the disturbed soil  samples, the following identi- 
fication tests shall be made  : * *v*«nt* 

Apparent  density 

.    Natural moisture content 

.    Dry density 

i 



?«•. 

• Specific weight 

. Attarberg limits and sand equivalent 

. Particle size distribution. 

*J »esoits nou HECHAMICAL T»CT 

• 2Sî: owfigengonti,islshnïir,ioB "" •"«*«• 
.    udometrie tests   (compressibility and consolidation 

C'   AMICAI AWA^Jij tfy  fWg „at., 

•    pH valu« 

.    Water soluble sulphates expressed as S03. 
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»•  Mcmem TO M muoio 

'•   *n* U» m* =ompri,in, th. following inaction.  : 

• »ni^fÄ^^r.nSoui:?^.«^ «* ^ 
. Description of various layers crossed 

. Diamater of drilling tubes usad 

• W.'ínSl.SÍS,^^ th* dlff"«" «*« 

i 
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iidîcÎ?îoSï°: mU8t *l8° includ# th« iollowing 

- level at which th« bor« wat«r is lost 
- pressure of th« artesian water 

" w*t!rA
1*vel.*ft«r sinking th« boring, m.asurad 

m the morning, at the beginning of the shift. 

tKM4.na.tlon aj the, lite. 

. D«t«rmination of geological characteristics of th« sit« 

' ÍÜ2**?1 inf?rm*tion concerning th« d«sign of roads 
ÏÎÎ-Î5* b*?ic.Pri?<=ipl« us«d for similar construction 
«lraady «xistmg in th« area 

' lilt ll Hmnt  t0 *?« u»«d d«p«nding on th« corrosiv*- 
n«ss of the water m contact with th« foundations 

. Variation in l«v«l of ground wat«r tabi« 

. Back fill mataríais from the site. 
fSS¡i?ííií?/V0 íh«, Possibility of using materials 
from the site for back filling will be proceeded. 

Î.   flHki  ttfOUT 

At the completion of th« soil exploration, investiaation 
Î.ÎÎ î\•*orl  supported by all data tllwiÍÍ "Ï      ' 
calculation of th« soil bearing capacity. This reoort 
will also includa bor« log and^.ologi/profUeï? 

J 
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The prêtent raquisition covers : 

* noìì?h?.°Ì.phySÌCaÌ lnf°"»tio* *llowing to itudy the 
SON iïlînd* y °    * <*••!>-••• arbour close to NGHI 

Í7ÍÍ2Í Ì  of strvicts, work and supplies to be fur- 
nished to perform tht topographical surveys and the 
boring», testings and laboratory works. 

Í.E£L.°Í thts! rat*iur«s and works have already been 
lïïiïïH  .Î" th#/lt#: Th# pr"tnt ^isition'givîï . complete scope of work to be undertaken. 
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77. 

1. OCIANOSRAPHICAL SURVIY 

SMELL 

Swell observation and measures will be carried out by 
competent firms. They could be finished off if necessary 
by local data observed over a period as long as possible, 

WINDS 

A compass-card has to be established taking into account 
local data available. Additional measures could be carried 
out on the highest points of the site. 

TIDES 

A tide diary has to be established considering the already 
collected information and completed by local data. 

MARINE CURRENTS 

Current measures will be made where will be installed 
the future facilities (entry, access, channel, etc.). 
Several measures will be carried out spread over fifteen 
days including low and high tides. Eight or ten assays will 
necessarily be made at different depth : one 2 metres 
above the sea bottom, one u metres below the surface and 
one in the interval when possible. 
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79, 

2. MA*!*! TOfOGAAPHICAl SURVIYS 

Th« present requisition covers : 

. Th« execution of the marin« topographical surveys 

. Localization of bora holts. 

1. TOPOCRAPHICAl SUKVEYS 

Gaophysical and bathymétrie survays shall b« mad« offshor« 
to th« North and th« South of NGHI-SON Island in th« TINH 
3IA district and in THAN HOA COUNTRY. 

SiRVKiS TO 9i PHOVJVEQ 

I 
I 
1 
1 
r 

•    S«a b«d to b« surv«y«d in th« d«marcat«d ar«a   : 

1. To th« North by l«tt«rs ABCD 

2. To th« South  by l«tt«rs  EFQH 
(see  BEICIP drawing n°   79060.A.020). 

Th«s« surv«ys will  b« mad« on a 2 5m grid origin point   : 

.    axis AB to th«  North, width of ar«a about  2.5 km» 
av«rag« l«ngth   5km 

.    axis KG to th«   South, width of ar«a about  3  km. 
av«rag« length  5 km. 

If n«c«ssary th«  areas will be widened up to favourable 
sea bed. 

A means of continuous recording of the sea bed could be 
used. 

I 
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90. 

I •    Execution of drawing on  the scale of l/iO.OOO  showing   : 

• bottom contour  line  in the area 

• position of possible  obstacles 

Í.    position of bor« holes located by N°l  to 11 on i»h« 
North Site and N°  20  to 3 9 on the  South Sit«. 

| •    Marking of channel 

ïw^cïÎîr.iîhîr 5o^î°r K
favou•"« approach in th« two cases «ither North harbour or South harbour. 

J: 
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81. 

2. LOCALIZATION OF lOftE HOLES 

Works to be executed are as follows : 

• Supply of stationary buoys with anchoring appurtenances 
(each buoy shall be fitted with a reflective part allowinj 
its localization at night). 

• Buovs laying at locations shown on the 1/10 000 scale 
drawing. 

3.  LOCATION OF ACCESS CHANNEL 

Works to be executed are : 
Determination of the most favourable access channel in eith«r 
case, North tort or South oort. 

4. DRAWINGS AND DOCUMENTS 

Documents to be provided : 

• With the offer 

price covering the topographical surveys 

price covering the supply of buoys 

price covering the buovs laying 

price covering the execution of drawing 

schedule for end of study and buoys laying. 

At the completion of the contract : 

reproducibles plus 2 copies of each drawing (including 
buovs drawings scale 1/10 000. 

drawing of buoys 

two draught of each drawing. 

!: 



I 

I 
I 
I 
I 

[ 

82. 

3. BORINGS, TESTING ANO LABORATORY WORKS FOR THE OFFSHORE SITE 

Îd5î.PiÎâ;•22uisit*°i} d«fin«* services and works to be 
dont in accordance with the descriptions made below : 

1. Drilling 

t 2. Sampling and shipment of samples 

3. Testing 

*•. Laboratory study and analysis 

5. Documents to be provided. 

r.   mumos 

•" •* — -—•—  ^••jp ^       '^ » ^r • • »•      we» I.UV       WW *   4,4 lift       W   I    I   1 

be more or less 30 metres according to ioli characte- 
ristics. 

*•     SAMPUHQ AHV SHIPMENT Of SAHPLif 

«)  SamcUna 

I 
I 
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Sl7Ïo!îî*Î1nSS f;ill€? on *P°ts  indicated on drawing In 78060.A-020 (from 1 to 11 on the North site and 
from 20 to 39 on the South site), and localized on 
the sea by buoys. Average depth of the boring will 
be mora or 1*«« tr\  «-*«"- .-/ J.«__ _./, *.  iA* 
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disturbed samples will be taken from all borings 
at every 1.5m maximum or at every structure chan¡ 
of the soil. 4 

Undisturbed samples will be taken at 3m intervals 
or at each structure change of the soil. 

Samples should permit the reconstitution of the 
stratification. Consequently, each sample shall 
Dear the following information : 

. date when sample was taken 

boring number 

. depth in relation to 0,00 of boring. Samples 
water will be taken in each future area warf or 
quay for laboratory analysis. 

I 



93. 

•) Skivmtñt oé undtàtuAbtd ¿ampin 

«2diîîr^*d f*??1" sh*n *• enclosed in metallic 
or plastic shells, under paraffin and sealed. 

Packing shall be such that the samples are not 
distrubaa by vibrations during the transport. 

On the arrival at the soil laboratory the shell 
shall be mechanically opened. 

J. *t* SHU*  TE&71HQ 

Sìer^/ÌÌV^MÌf" ih4U bt »**• *y ^yn*«ic penetro- meter at each drilling spot. 

I5*îîA
t,,tÎng$ should P«rmit â continuous representation 

of the peak  strength and lateral  fiction. 

They will be   carried on up to the good soil. 

ïïîîî«î!,t}?f,KWi11 b* m*dt  for *ach boring.  Other testings will be requested if necessary. 

These  -In situ" testing will include  the diagrams of 
the penetration tests with description of the charac- 
teristics of  the apparatus  used. 

*•     UBOtATüM STUVV ANV AHALVSIS 

*1   IdtntiUcation tilting* 

Î52Ï1.Î5Î dí;turb#d soil »*mpl«i, the following identification tests  shall be made   : 

.    Apparent density 

.    Natural moisture content 
Dry dantity 

.    Specific weight 

.    Atterbarg limits and sand equivalent 

.    Partici« size distribution. 



84. 

*' ******** <*o« wtghatúcal tt^tà 

From the undisturbed soil samóla* th« fftnrtu<«- mechanical testa shall be made *     following 

. Quick undrained triaxial compression test 

• Test allowing the determination of the allowing 
angle of friction and cohesion 

. Oedometric tests (compressibility and consoli- 
dation tests). 

cl c***"** An&lu4U oft tkt mte.fi in tht boxa, holt 

. pH valu« 

. Water soluble sulphates expressed as SO 3 
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S.    MCUMWS ro gg novum* 

l**i*i  *og book    comprising the following indications : 

. First boring level compared with the LLWS and 
level of the different layers encountered 

. Description of various layers crossed 

. Diameter of drilling tubes used 

. Level at which the disturbed and undisturbed 
samples were taken. 

* fi**l \e.oo\t 

At the completion of the soil exploration, investigation 
e final report supported by all data allowina tía     ' 
calculation of th/.oil beiring capacity!  ' 

profilU!** WÍU *lM includ* bor€ lo« *nd geologic 

!: 



85. 

Qjnjral guidane« for th« choie« of v«riout  orinciol«« 
of foundation  to bt «ppüea d.p«nding öS îhS nS?í?¿ 
ÎÎJh* construction, with  th« *ntioip*t«d iîttlinï factor for th«  m*in constructions. ••xtimg 
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