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1. PREFACE

In response to a request from the Governmen.t_of the Republic of Trinidad and
‘Tobago, the Government of Japan decided to Cdnduct a preliminary study on
Pollution Prevention and Control within the Petroleum Sector in Lhe Republic of
Trinidad and Tobago and entrusfed the study to the Japan International Coope-

ration Agency (JICA).

JICA sent to Tri_hidad and Tobago a preliminary study team, headed by
Mr. Hiromi Chihara, from Sep. 11 to Oct. 1 in 1992,

The team held discussions with the officials concerned of the Government of
'I‘finidad aﬁd Tobago, and conducted field studies. After the team returned to
Japah, further studies were made and the present preliminary study repori was
prepared. The report was prepared to outline and define the scope of work and

methodology for clear u‘nderstanding in subsequent cooperation.






2. . PETROLEUM INDUSTRIES IN TRINIDAD AND TOBAGO
2=-1 Cutiines of Trinidad and Tobago

The Republic of Trinidad and Tobago is located off the delta of the Orinoce River
that flows from west to east in the Repu.b]ic of Vénezuelé, and on the continental
shelf of the South American Continent. The Republic has a popu.lation of a little
less than L. 3 million. The GNP per capita is US$3, 610 and I'rinidad and Tobago
ranks as a mid UpperMiddlelncome Economic Country. Major industiies are
.depend'ent .O.ﬂ petroleum and natural gas derivatives. Basic ihdica’tors for the country
are shown in Table 21, and'fﬁrther pconomic indicators per capita}. are summarized
in Table 22 in comparison with the following 't.hree' countries.

a) (Gabonese Republic : GNP per capita is equivalent to Trinidad and Tobago,
peirolenm pfoducing state and & major export is petroleum with a populatiori
of 1. L million.

b) Republic of Sihgapore : Island country hosting export oriented refineries
(EXOR)._ Popiﬂation is 3. 0-million and GNP per capita is US$11, 160, ranking
as Lower Highlncome Economic Country. _

¢) Japan : Highly developed country with a population of 123, 5 millions and
one of the largest importing country of petroleum with highly advanced

technologies and management for petroleum refining.

From the info_'rhmtidn‘ in Table 22, specific qharacteristics of Trinidad and Tobago
might be sirmised as follows:

a) GNP per capita of Trinidad and Tobago performed zero growth over the
last 25 years, .w'h.ich illustrates petroleum depehdeﬂt‘ structure has been
established pridr to the peri'é'd. Comparison 6f the trend_s:of petroleum

: producti_bn, GDP shares of agriculture and industry of 'Px;inidad and Tobago

and Gabon are as follows;



Trinidad and Tobago ' Gabon

Petroleum Production, MBPPD

1960 1970 1980 1990 1960 1970 1980 1990

15,7 139.8 211.0 144.4 i6.1 108.8 - 180.0 269.0

GDP Share, % 1985 1990 1965 1990
Agriculture 8 3 25 9
Industry 48 48 : "3 49

b)

Growth by exodus from agriculture through petroleum production .increase
was realized over the last 25 years in Gabon, while the share of agricﬁlture
was not so high at the outsel in Trinidad. and Tobago, and the economic
aspect of the Republic is co_nsidered the direct reflection of world petroleum

status.

Singapore is a smaller island country than Trinidad and Tobago but has
EXOR and high value added manulacturing industries based on a'iat‘ger

Asian marketing hinterland. Trade balance is however deficit and made

_ progress to reach its cconomies with developed financing and services. The

c)

share of services in GDP is higher than Japan.

Trinidad and Tobago has high potential for natural gas development.
Natural gas development and utilization is ranked as one of the most
important national economic developmeh:t targets. Already natural gas is’

effectively utilized at the three thermal electric power generation stations

" as well as for vehicle fuel use as compressed _naturai.gas (CNG). The central

issue of future écoiidmic growth in the Repﬁblic is judged. the beneficial

utilization of natural gas..



MAJOR INDICES OF TRINIDAD AND TOBAGO

Table 2-1:
Area: 5.124km= _
Population: 1.27MM(Estimate for 1990)
Population Density:- 248/km?
Age Distribution:
0-14 32.9%
15-49 58.7%
60+ . 8.4%
Ethnic Groups (1980 :
Africans 40.8%
East Indians 40.7%
Whites 0.9%
"Chinese 0.5%
Others 0.8%
, Mixed _ 16.3%
Official Language: English
Religions: _
Roman Cathollc 32%
Anglican 15%
Presbyterian 4%
Hindnu 25%
Moslem 6%
Major Citias.and Population: :
Port-of- Spaln(Capltal) 0.30MM
San Fernando 0.05MM
Government Type: Parliamentary Democracy
Labor Force: : :
Agriculture 9%
Mines . 8%
Industry 30%
. Services 3%
Land Use:
Share of Average
Tetal Land Area Annual Growth
. (1989) (1965-89)
Agriculture 23% 1.0%
Fermanent Pasture 2% 1.0%
Forest and Woodland 43% (-)0.4%
Other 31% (-)0.1%
Sources:  -1)World Almanac 1992
2)ATLASECO 1990 :
"'3)World Bank: World Development Report 1992

4)J.Tavlor:

Trxnldad and Tobago,

1991



Table 2-2 : BASIC INDICATORS FOR COUNTRY COMPARISON PER CAPITA

Republic of

: Gabonese Trinidad and Republic of
Items Unit Republic Tobago Singapore Japan

1. GNP/Capita, 1890 Uss 3,3% 3,610 11,160 25, 430

~@P/Capita Ascending ~— s 118 _ 132 152
Order among 184 Economy ' .
-AAGR, 1965-1990 % 0.9 0.0 : 6.5 4.1

2. Populatton, 1980 MM 1.1 i.2 3.0 123.5
~Estimate, 2025. 3.0 2.0 4,0 128.0
~AAGR, 198%-2000 _ % 2.8 1.0 . 1.2 0.3

3. GDP/Capita, 1990 § : us$ 4,291 3,958 11,633 23,929
-@F Deflator, 1980-1380 % 2.3 -)4.7 6.4 4.1
-(DP Share, 1980 ' %

~Agriculture 9 3 i} 3

~Industry 49 48 - 37 42

~(Hanufacturing) ()] (13) 29 (29

~Services 42 4 . " B3 56

4. Per Capita Value Added, 1990 Us$ : _

—igriculture 392 103 32 600
-Hanufacturing 234 450 2,821 6,714

5. Per Capita Merchandize Trade, 1980 uss :
~Export 2,248 1,733 ) 17,542 2,322
-laport 631 1,052 20,216 - 1,872
-Balance 1,555 881 (-)2,674 450

6. Per Capita External Debt, 1990 uss 3,315 1,923 na na
<External Debt/Export, 1950 % 138 89 na na
-External Debt/GNP, 1990 : 8 51 na na

7. Per Capita Daily Calorie Supply, 1989 Caiorie 2,383 2.8563 3,198 2,956

8. Per Capita Commercial Energy :

Consumption, Oil Ten, 1990 Ton 0.50 4.80 - 3.88 2.9
-Solid 0.00 0.00 0. 0.85
-Liquid 0.37 0.78 ‘3.87 1.67
~(as 0.08 4.02" 0.00 - 0,37
-Electricity 0.05 0.60 0,00 0.21

9. Per Capita Petroleum, 1991 BBL :

"~ -Proven Crude Reserve 663,84 44917 0.00 0.48
-Annual Crude Production g1.79 43.19 - 0,00 0.05
-Annual Refining Rated Capacity 7.96 74.83 - 108,65 13.63
~Annual Products Consumption 3.09 b.b1 22.79 9.43
~Crude Reserve/Crude Production : Year 6.79 10.40 : na 9.50

10.Per Capita Natural Gas, 1991 MMSCF Lo .
~Proven Reserve’ 0.410 7417 0.00 ©0,008
-Annual Production 0,003 0.i7 0.00 0.001

~Reserve/Product ion Year 1.0 436,29, o m 8.00

Notes : * Gas consumption in Trinidad and Tobago 1s misleading, because 75% of its production is exported as gas derivatives
such as ammonia, urea and methanol, Similar data is referable for Brunei with its per capita censumption of 10,46 Ton
of which approximately 80% is LNG and exported nostly to Japan. '

Sources : 1) Energy Statisiics Year Book, 1990, UN
2) Energy Statistics, 1988-1989, IEA, QECD.
3) World Developnent Report, 1992, World Bank



2-2 Devélopmeﬁt and Utilization of Peiroleum and Natural Gas

The production of petroleum and natural gas is undertaken at present by six{0)

major corporations and twelve(12) lease/farmouts at onshere as well as offshore

production fields in Trinidad and Tobago :

(0.

(2
®

()

(5)
(6)

(1)

Amoco Trinidad Oil Co., Ltd. (ATOC): Largest producer of petroleum
and 'ﬁatural gas, 'foreign private corporation of the USA. .

Trinidad and Tobago Oil Co., Ltd. (TRINTOQC): State owned corporation
and has two petroleum refineries. .

Trinidad and TObng Petroleum Co Jatd. (TRINTOPEC) State owined
corporation. _

Trinidad Northern Area Itd. (T_RI.I.NMIAR) : Joint venture of tﬁree_ corpo-
rations_'each with equal one third share; TRINTOC, TRINTOPEC and
Texaco Trinid Inc.- _ :

Trinidad and Tobago Marine Petfoleum Co.;Lid. (TRINTOMAR): State
owned joint venture of TRINTOC, TRINTOPEC and National Gas Corp.
Premier Consolidated Qilfields Ltd. (PCOL): Foreign corporate of the
UK.

Lease/Farmout: There are twelve (12) domestic and private corporation
including Lease -Operators Ltd.(LOL), 0il Contractors Ltd.(OCL) and

Krishna Persad and Associates Ltd.

It should be noted that the Government of Trinidad and Tobago. 1s implementing

‘a policy of merging TRINTOC a_nd TRINTOPEC in 1993,

Major peLz oleum and natural gas fields are, as shown in Fig.2-1, concentrated in

the southern region of Trinidad and distubuted from eastern offshore, crossing

. southern onshore of Trinidad and extended to western offshore up to the state

boundary with Venezuela. Proven reserve of petroleum is 536 MMBBL which is

equivalent to 0, 077% of globai proven reserve. Natural gas reserves are distributed

eastern off shore as well as.in the northern region of Trinidad and offshore in the Guif



of Parh. Proven réserﬁebf natural gas is 8, 9 TCF which is equivalent to 0.. 25% of

globa'l. reserves. Production al eastern offshore fields is undertaken by ATOC, .
’I‘RIN’I‘OMAR and 'l‘RINTOPEC, westerh loffshore by TRINTOMAR and onshore

by TRINTOC, TRINTOPE.C and others.

Trinidad and Tobago commenced production of petroleum in 1866 and is therefd_ré
one of the oldeét petroleum producing country in the world. Large scale commercial
petroleum producjfion: started at.the_ beginning of the 1900s and supplied two thirds
of the petroleum demand of the Bfitish Empiré' by 1946. Later in'1954 the western
offshore petroleum fields wére developed and then the edsiern offshore. Petroleum
production reached a historical high of 211 MBPD in 1980 and then declined up to
1990 to record production of petroleum, con'dénsa’te and natural gas of 144 MBPD,
3.7 MBPD and 780 MMCTFI, respectively.’ ’i;herefore, .ratio. of (Prox;én :Reserve)/
(Production) is caleulated to be 10,2 years for petroleum and 31. 3 years for natural
gas. However, the ultimate reserves of petroleam is 3, 300 MMBBL’.and natural
. gas 18 20 TCF and recalculated (Ultimate Reserve)/(Production) is 62. 8 years for

petroleum and 70, 2 years for natural gas.

In Trinidad and Tobago, petroleum refineries werc constructed at Point Fortin in
1912 and Pointe—-a~Pierre in 1916, Nameplate capacity in 1950s were 100MBPD at
Point Fortin and 365 MBPD at Pointe—w—?.ierre. The share of petrpléum and products
exports among total exports were 80% in '1.943. Present c.ommodity export and import
in terms of values are summarized in Table '2.“3_ Export share of petroleum and
its products is 65% in values and over 80% for the prod_'ucts'includin'g natural gas
derivatives such as ammo:nia, méthanol and urea. Eventually current tréde structure
of the state is almost identicéi with that of 50 years ago. Prosent namepiate
'refi'r.le.ry capacity 1s 85 M.BPD dt Point Fortin and 155 MBPD at PointeaPierre.

However, present throughput is lower due to various technoeconomic constraints.



_T'éble 2—4 summarizes petrdleum and 1151f111*al gas production, import, export
and domestic consum'p'ti_ou by corporation. Approximately 50% of domestic
péi::i"'(Jleuni 18 _direcﬂ& exported. Although some amount of petroleum and pfoducts
is imported, domestic consumption of petroléum products is approximaltely 10%
of domestic produétion. Approximately 2b% of natural gas production is consumed
for“d.omestic electric power generation, and over 95% of natural gas derivatives
such as ammonia, methanol and urea are exported. It‘miig‘ht be appropriate to
state that peti;ole'ﬁ:rﬁ and natural gas industries in Trinidad and Tobago are of

“export oriented nature, and the refineries are_typically export oriented (EXQOR).

Trinidad and Tobago has been implementing ﬁ'atural gas utilization projecté to
phase out excess dependence on petroleum and started large scale ammonia 'plant
in 1977 and methanol as well as urea plants in 1984 after the ﬁetroleum price hike
in 1973. I,atejy, conﬁpressed natural gas (CNG) sdle at major gasbline stations

for vehicle fuel use in Trinidad and Tobago has started.

Export and -import balance of commodities of the Republic is summarized in
T.able 2—3, Fxport share of pelﬁmfeum and natural gas products is, as mentiéned
in the p.reced'ing paragraph, over 80%, commoditywise trade balance, except
petroleum__and'hatural gas industries, are limited. The only surplus is in the
' beverage.and tobacco sectors, otﬁer commodity sectors are in deficit. This trend
will prevail for SQHIG‘_ time to céme. It will be optimal to enhance economic growth
by modernizing and increasing value added in the petroleum industries. Natural
~ gas utilization i'ndustries_ should be simultaneously promoted to protect against
the reduced operating ﬁrofit of petroleumn industries because of the expected
petroleum pIrOduétion cosl increase from the use of enhanced oil recov:ery
techniques as well as the reduction in and eventual exhaus.tion of petroleum and

‘exhauslion of petroleim production in the mid—term future.



It should be noted that environmontal protection and conservation of Lmspdiled
tropical natural resources for p.ot.cntial sightseeing and tourism - industries

development should be enhanced and promoted for Trinidad and Tobago.
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Table 2-4 : PETROLEUN AND HKTURAL GAS BALANCE

1. Crude 0l and Products ' (Unit : MBPD, 1990)
[tems : Production ~ Import Consunption Expof{
Crude 011
ATOC 70.0 70.0
TRINMAR 33,8
TRINTOPEC 17:8
TRINTOC 17.1 18.0+ 91.0+ _
TRINTOMAR i 7.0
PCOL .8
Lease/Farmout .q __________________________________________________________
T Sub-Total  144.4 18.0+ 1.0+ 77.0
Products :
TRINTOC 84,0+ o 70.0+
L 3.0 7.0
" Total 84.0+ 3.0 7.0 70.0+
2, Natural Gas and Derivatives (Unit : HMCFD, 1990)
: Captive -~ Net
ltem Production Consumption Sales
Hatural Gas
ATOC 625 123 502
TRINMAR 71 71 0
TRINTOPEC 20 20 0 -
TRINTOC 50 49 1
TRINTOMAR . S L S -
" sub-Total 781 263 518 (Pipeline Capacity: 1,000)
. Ratural Gas
Derivatives' Production, TPD Export, TPD Consumption, HHCFD
Ammonié )
Hydro-Agri 750 _ 34
TRINGEN 2,650 _ 105
FERTIN - 2,100 94
" sub Total 5,500 T4s0 T
Methanol ' ' . .
T&T Methanol Co Ltd 1,380 ' 1,350 43
Urea ' . o
T&T Urea Co Ltd 1,620 1,850 T o
T&TEC(Electricity) 578MH ' 145  (Capacity : 1, 200KH) -
Phoenix Park(LPG) i0MBPD - THBPD 23 L :
1SCOTT Clran) 2,610 _ _ 30 (Sponge lron)

Sources : Easf~W¢st Center, 1891, 0il and Gas Journel, July 6, 1992, Financial and Petroleun News,
Jan/Feb, 1992, : ' :



2—3 Geographical Environmental Conditions

(1) Marine Conditions
Ocean streams around Trinidad and Tobago are deve'lope'd,' as shown in Tig.
2-2,2-3, by merg‘i.ng of the Guyana Current from the northbound South
Equatoriéﬂ Current alongside the South American continent with the {low of the
'():rinoco River. The Guyana Current is divided into two streams al the south--east
cérner of Trinidad. One flows ﬂongéiﬂe with eastern shore of Trinidad and Tobago
bound north with a current speed of 0.5to 1.0 m:/Sec, while the btﬁel' flows thféué;h
the Columbus Channel and Serpent’s Mouth to reach the Gulf of Paria and xﬁake
a clogk wise circulation in the Gulf: It then flows out from the Dfagon’é Moufhs
to the Caribbean Sea in warm currents with 1.0 to 1. 5 m/sec flo;vif rate. The Gulf

of Paria is a2 semi—enclosed body of water between Trinidad and Venezuela.

(2) Climatic Conditions
Trinidad is _lo_cated in tropical zone between North Latitude 10° and 11° and West
Longitude 61° to 62°, and climate is rather mild as it is surrounded by sea. Average
annual atmospheric temperature is 27°C with @onthly average of () 2°C. Annual
rainfall is I, 524 mm in north--west and 3, 04.8 mm in north—east with M'ay to
Decemberbf.rain}}'season and January to April of dry seaso_ﬁ, Trade ﬁinds are

dominant in this region and prevail north—east to east from November to February

and east in April to July. Wind d_irectibn is unstable during August to October.

“(3) Hydrofnetrié Conditions
Major river systém of Trinidad is illiustrated in Fig. 2—4 . Most of these rivers

flow thpough petroleumn onshore fields and discharge into the Gulf of Paria.

~(4) Natural Environment
Prinidad and Tobago is gifted with aitracti\_re natural envirbnment with of typical tropical'

features which are considered some of the best sightseeing and tourism resources.



Presently fhe ‘principal ind.ustry in.the Republic is the petroleurp_ sector. Tlherefo're
co—protection of development of petroleum in.dustry and natural emrironmenté.l
comservation is an extremely important policy option in the state. More specifically,
these basic features should be observed for the deve].opnlent of the pelroleum

industry as well as of natural environmental protection:

1 ) Protection of Mangrove
Mangrove will be cr_il;ically daniaged and killed‘by suffocation Ehroﬁgh pétroleum
covering of its ekbiration roots system above sea surface Ie.vel. Suffocation
damage of mangrove was reported at Guayaguayare Bay in the south—east
region of Trinidad and 'at.Poi_nt Ligoure near Point Fortin. However, the sifuation
is improving. as waste water discharge. in the petroleum fields is now Being
directed. to eliminate waste wéter poilution in the r_‘egi'oﬁs. Also, protection of a
bird sanctuary in the Caroni Swamp, south of Port of Spain, the natural habitat
of several tropical birds including Lh;a national bird (Scarlet .Ibis), is an

important issue.

2-) Coral Reef Protection at Tobago
~ Coral is also sensitive to petroleum pollution and suffocation of coral should

be minimizéd ir Tobago.
3) Protection of Natural Sand Shore of Atlantic Ocean of Trinidad and Tobégo

The breeding and S:ﬁawning' of l.eatherback turtle on the Atlantic Coast should

be protected to maintain natural resources.
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2—4 TEnvironmental Pollution by Petroleum and Conservation Countermeasures

(n _P:ollu_tion and Monitoring _
in Caribbean Sea and neighboring Gulf of Mexico, petroleumhollutidn has been
discussed {or many years, as many petroleiim oil fields and petroleum refineries
are situated there and tanker vessels carrying crude oil ﬁave been busy. Since 1979, :
The Intergovernmental Ot:eanog‘raphié Commission’s Regional Subcommission
for the Caribbean ahd Adjacent Reg‘ions (IOCARIBE) was organized by 14 gulf
countries and started to collect envirohrﬁeiital monitoring. data in co]labo‘raﬂon
with and with assistance of The United Nation’s Environment Programm.e (UNEP)

and Food and Agriculture Organization (FOA).

Three basic data has been cpllécfed:
a) Quantity of tar stranded on beaches
" b) Quantity of drifting tar |
¢) Quantity of dissolx}éd/dispersed hjrdrocarbbns
In Trinidad and Tobago, measurement of stranded. tar on the beach was carried
out by Institute of Marine Affairs (IMA). In these data tar is defined as an
intermediate stage of degradation of oil .at sea influenced by téemperature, rain,

winds and waves.

IMA measured and recorded stranded tar quantity in gr/m of beach length from

October, 1980 to September 1981 as shown in Table 2—5. and Fig. 25,

Generally beach tar is detected by naked human feet at 10 ér/m and it is considered
not appropriate for sea water bathing or sightseeing for tourists at 100 gr/m,
therefore the measuz;ements in 198.0/.81 indicates considerable pollution é.t the
eastern beach of Trinidad. It was considered however, that the origin of the tar
was maihiy from disposal from tanker vessels or scepage of natural petroleum
: offshore. Th_e."ar.n'ount of tar from‘petroléum oil fields in the south—east offshore

of Trimidad 1s minor.



Meanwhile, CARIPOL, is reporting that the high concentration of tar detéctéd on
the eastern beaches of Ct}r'a'cao, Cayman Islands and Bonaire originated half from
tar in the: ocean beached by ocean current and trade winds and hhif fi‘om béllast
and cleaning of tanker vessels. It is estimated that disposal from. tanker vessels
has since been reduced. due to the reinforcement‘of'ihtet.-national agresments, The
considerable pollution reported on the eastern beaches of 'I"rin'idad was. greétly
impi‘oved when the preliminary 'st.ud).r. mission visited in September 1992,

No problems for sea bathing tourists were recognized..

Needless to mention, an adequalte management system is essential to i:)rév.ent
petroleum leaks ang spills from offshore petroleum w.:vel]s=as well as onshore petrol:eum.
tank facilities at the south—east region of Trinidad. When a large quaﬁtity of tar
on the eastern beaches was observed in April 1986, it was concluded that the origin
was the onshore Sbu_th—eastern petroleum terminal, by using several analytical
: procedﬁres. Thereafter, IMA has been establishing a data base of gas :éhromato
graphy, infrared spectra, ultra—violet flu_oresceﬁt spectra and atomic absorptio.n
of the crude o1l produced by each ol field for fillgeerrintiﬁg identification of the

origin of beach tar and accidentally spilled oil.

The pollution characteristics of the Gulf or Paria are a little different, Analytical
data lor petroleum hydrocarbons floating in the sea watér in the Gulf is shown
inFig. 2-6, Itis clear that the pollut.ion is concentrated in the southern pqrtion
of the Gulf because:
a) The gulf is the destination of rivers llowing in the onshore petroleﬁm 0il
fi(_alds‘
b ) The gulf is the location of loadillg and discharging port facilities for cf‘udc
oil as well as products. ' _
¢ ) Refineries :are located near'thé' béaclles._

d ) Petroleum seeps [rom offshore seabed faulis in the Gulf.

2—17.



There is a report me_ntioﬁing that pollution is worse in the Gulf of Paria than in

the Middle Hast petroleum ail fields (Table 26),

(@) .Environmental Protection Countermeasures _
The central issues for Trinidad and Tobago are the 'dévelopment of petroleum
industries, modernization and éapacily increases of I‘Iefinei*ies as well as promotion
01‘ enhanced oil recovery (EOR). Work on these issues by ﬁti]izing loans fforﬁ
international financing institutions (IDB and World Baﬁk)' has just started.
It is clear that if waste water treating .facilities at pétroleum oil fields as
‘well as at refm(,mes are kept as they are, petroleum waste ‘water pollutlon
might be lIlCI‘GdSGd because 111cxeased 011 productlon inevitably resuits in
the increase of waste water, which further overloads the waste water treatment

facilities.

The jhistorical development of legal pollution control countermeasures in petroleum
industries in Trinidad and Tobago are summarized in Table 2—7. The initial
Petroleum Regulation was documented in 1970. However, enﬂbodiment of a control
standard was shown in the Draft Guidé_'liiﬁe of 1990, As the Ministry of Enérgy
: and Energy Indﬁstﬁéé has been designated as the administrative aut-hoz.‘ity, the
Ministry has urged petroleu:lﬁ'ind:ustries to observe the oil and ';qrease target.
ThlS specifies a monthly average of 50 ppm’ w1th 7% ppm of daily maxirhum level
for the was,te discharges [rom petroleum oil fields and petroleum refineries (100
_ ppm of monthly average and 150 ppm of daxly maximum are applied at offshore
petroleum facilities over 20km from the'sho.re) . In. this respect petroleum industries
envirbnmental‘ countermeasures have only lately been initiated in Trinidad and

’I‘obago.
. The standard of _50 ppm oil and'gréase in discharges that had been proposed by the Ministry

was COnfijfmed with the assistance of USEPA with reference to the standards of neighboring

countries. However, as shown in Fig. 27, the discharged water quality in the public rivers are
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considerably higher than the standard at present. Further extensive and intensive
administrative efforts will be required to achieve the nalional standards in Trinidad

and Tobago.

Furth.er, it might be necessary to examine if the standard is appropriate. The .
Environmental Guidelines of the World Bank, one of international environmental

guidélineé Specifies maximum allowable pollutants dischargeable, as shown in

Table .2-8 , per 1, 000m of petroleum crude oil throughput at refinery. At Pointe—

a—Pierre Refinery., daily discharge of pro‘(i-cssé(_i W_ﬂ'é‘m water is over 80, 000 TPD

and upon the completion of the upgrading project Ed ihcrease throughpiit to 175

MBPﬁ while 'méiﬁtain'ing the current fat'e of pro.duction waste water, the

env1ronmenta1 status at Pomte —a—Pierre will not meet the World Bank Gu;dehnes

even if the oil and grease concentratlon 1s reduced to 50ppm

Japanese presenl; Status is guoted as reference. There are 46 refineries in Japan

with 4. 13 MMBPD total nameplaté capécity in 1989 with total processed water

discharge of 254, 000 TPD and complying with the national standard of 5.0 ppm

for oil and gas concentration. The details will be discussed in section 6.

Further, it is'fecommended that I:h(_e amouﬁt of oil that should be perhﬁssible to
discharge from petz_‘oleum oil fields and refineries into the sémi—closed water
system of the Gulf (f Paria shpuld be verifiéd and justified. - :
It shouid be noted that for poll'utlion cdntrol in general, the_pnvi_roumenfal
protection consc_iousneés of 'opet"a:tor's should be enhanced aiong “with the
improvement and reinforcement of the _environmental'_‘cdntrol equipment and .

machinery.

Proper mamtenance to keep po]lutlon prevention facilities functlomng normally
is essential. Daily cledmng of API separators and oil catches’ to recover, rr.ztamed=
o1l should be performod The pollution of publlc rivers and’ ocean ‘water could
then be minimized even when heavy storm water has flooded these envnronmental

protectlon facilities.
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S Table 26 - .
COMPARISON OF TOTAL. HIYDROCARBONS IN. SURRICIAL SEDIMENTS
AT DIFFERENT INTERNATIONAL LOCATTONS

Concentration
Range

(ug/g dry wt

Kukait Crude Dil

Localion Equivalents) Comments ’ Reference
Coast of Oman 0, 8-19.9 ‘Burns et, al.
: (1982) '

Shatt al-Arab
River and North-
West Arabian

Gulf (Irag) 0.4-44.0 _ Dduabul et.al.
' : (1984)
Kuwait 1.0-291. 0 most concentra- Zarba et.al,
tions in range (1985)
1,0-35. 0 g/e,

only 5 higher

Gulf of Paria 28.2-17,147.% most concentra- J.B.R. Agard et.al.
tions in range (1988)
28, 2-4, 636, L g/s,
only 3 higher

J.B.R Agard et.al. "Petroleum Residues in Surficial'Sediments_from the
Gulf of Paria, Trinidad” (1988) :
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Table 2-7 : LAW AKD REGULATION RELEVANT 70 PETROLEUM POLLUTION IN TRINIDAD AND TOBAGD

Issue Year

Title * Qriginal

Curvent

Major Contenls

Pollulion Aspects

Patroleun Act 1969
Chapler G2:01

Petroleum Taxes Act 1974

3. Petroleun Regulation —

. Draft Guidelines on 1950

0il and Grease Limils

of Chronic 0l Pollution
by Ministry of Buergy
and Energy Tndusiries ==+
As Proposed Regulation
under Petrolesm Act,
Chapter 62:01, 1960

1980

198t

1970

Part 1: Petroleun Operation
-Licences
~Defaull and Dispete
-Non-Resident Companies
Part 2: Aneillary Rights
Part 3: Miscclléneous and General
Petroleunm Regulalions
Price'uf Petroleun Products Order
Peolection against Fire
Transporl Regulation
[ncone Tax
Supplemental Petrolevn Tax
- Land Operation : 35%
- Marine Operation : 60¥
Harine Production”Allowance :
Bxploration Alfowance : 150%
Bnhanced Recovery Allowance : 140%
Suppleaertal Refining Tax :

10 to 30%

Licences for Petroleun Operations’

- Exploration, - Pipe-Line

- EBxploration and Production

- Refining , - Transportation

- Requefaction of Natural Gas

- Marketing, - Pelrochenicals
Assignment and Operation Rights

General Obligations

- Avoid Poljution (of sea, iand, beach,
river 1o easure navigation, agricutture
and fishing. Reseach and conservation of
living resou;ces:and property)

~ Pay Compensalion {for loss, damage
or iajury)

Technical Obligations

- Safety for Blow-cul and Fire

- Prevent Water and Air Poflution

Work Obtigations

- Refinery @peration Duiy

Avefage of 210 BPD of Gil and Grease

Dil/Grease

Fire
Flash point, Capaciiy

Pollution, Gemeral

Pay Compensation
Safety
Pollytion, Air and Wiler

Refine locally over GOY of
Crude

Monthly &v  Daily Max

Lost .as Chronic Pofluiion in 1988 and  General
Urgent Pollution Problees are cited at Oifshore,
204k of(

Point Ligoure Foreshore, and

- Guayaguayare Bay

0il and Grease Discharge Monitoring
First Successful Well in 1860 Tarballs
al Mayaro Beach and Guayaguayare Bay
tn 1905, Natural Seeps on the Bast
and West Coasts of Trinidad

NOSCP : Nalional Qil Spill Conlingency
Plan, 1977

Continuous Mocilering of Bavironment
by CARIRL: Caribbean Industrial
Research Jostilute

“and IMA i Enslilute of Marine Affairs

Penalties °

Hppn Bppn
130ppm 150ppr

Honitering Point

Tarballs in 1905

Natural Seeps

BOSCP, 1977

CARIRI and JMA

Penalties/Fine

- TT$ 0.010 M¥/Case
- Ti§ 0. 001 Md/Day




Figure 2—T7 : oIL IN EFFLUENT
19901 SEPTEMBER ~ 1882 AUGUST

(P

1. 800
1, 500
1, 400 |
1, 200
A
800
)
w00]

200

o
S'sr 0 N P v'w2 £ N A K J 4 4
MONTHS

(PrH)
350

300

200

150

100

50

MONTHS

PeH)

180
150
f40
120
100 -

a0

&0

40 §-

b=

Ja ' a1 1
a

a) PENAL

b) BARRACXPORE

¢} GUAYAGUAYARE



U9S0J}IN [EORIUCERY :N-tHN “AJsuijed 3 DOlBAIY SIajeA sT[iBQ 0} A[u0 Sat[ddy /P

"pasIBYOSIp UAYA D/Q 10 T/3Wg] do 0QL i° T/5E gs
_P390X3 30U [{TYS S2ae SS300Jd-UOU pUT SPIIIL Yuel ROJJ jlound [[V

§85834) pue STI0 : 9/Q
spl]og pspusdsng 1e30] : §§]

uoqde) 0o1UBBIM eIl @ 20l .amvmmm JU9WIesd} U[REW UT Payeal; JIound Bale Ssenodd 03 mﬁco sallddy /3

pusmag ue3AXQ ﬁaoHau:o. T (09 ‘6 03 g = Kd :S3USNJJe [[® d0g /3

puemag USBAXG. [80180[01g Aep-g . :5q04 «auﬁmoggv SPInbIT s [2InjEy Jo/pUe [Ip 3pRdy xoopmummm Ic]
— — — — — 1070 26°0 £€0°0 ¥2°0 0 /P 1seiieg
— — — o — 10°0 20°0 £0°0 6170 £0°0 /o jiouny
800°0 Lg°0 AL [RS8 E4N L8 ¥I 82 251 22 CERPEREETAY]
S00°¢ 12°¢ 010 Il gl’0 8°g el re el 81 . g0y
£008°0 8170 8070 11 8070 g'e LA -8l 69 gl mﬁmomﬂunoopwmm
20070 ¥i°0 $0°0 A '$0°0 9'2 88 11 g L8 - BuI¥9RI)
20070 0170 y0°0 el ¥0°0 871 0¥ 28 43 5°8 3ulddo]

9+10 43 V18l | SHEIATINS N-ZHN TONZHd 3/0 S8l J04 ao2 sgog
— . . A308818) 5§800.1¢
/9 /® Ao03spesg jo .m ppO] J8d 3Y - mmum;ummm.aﬂﬂmm unuixey . .

mmmmﬂv S3UT1APINY [BIULLUOITAUY ;YUeg POk

SYILYE AMANIIZY WN9T0¥1d3d 804 SNOILIVIIWIT INZn1dd8 QIndl7 :8-2 ela=L

2-2%






3. ENVIRONMENTAL POLLUTION BY PETROLEUM
3—1 _Petroleum and Nétural (Gas

IL has been said that the start of the petroleum industry in the Repub’lic of
Trinidad and Tobago u)aé Ehe use of nétural pitch from the Pitch Lake in La Brea
in the southwest region of 'l‘rinidad and 'I‘obago, by British Sir Walter Raiéigh
in 1595 for caulking his ships. E:ve_n' now the natural pitch of Pitch Lake is exported
to various countries for p.avem:e'nt and other uses, .and ekport. in 1991 is recorded
as 16,000 TPY. The pitch in the Lake 13 nafurally resupplied frmﬁ geological
' [aults 100m .be]ow the Lake, according .to off take of pitch and is considered the
Largest petrolenm seepage in the world_with estimated reserves of 8.0 million

tons.

The first oil field was developed ‘at Brighton near the Pitch Liake in 1866 and the
first commercial scale petroleum production was commenced in 1907 at Point
Ligoufe, south of the Pitch Lake. The oil and gas reserves are concentrated in
the southern region of Trinidad. These start with the Soldado offshore petroleum
ield .25m below sea level, close to the boundary between Trinidad and Tobago
and Ve'n.ézuel.a, then. '(.:ross the southern part of the onshore fields up to the Galeota
peninsula and then expand to approximately 100 km. offshore of the Atlantic
Continent with of_fshor.e fields 250m below sea level. Commercial scale reserves of
petroleum and natural gas have not been identified around Tobago, in the north-

east region of the Republic.

As was explained in the preceding'sé(::ﬁon, production of petroleum and natural gas is
uﬁdertakén by si:;:(ﬁ) maj'or cor};oratibns and fWelvé(lZ) lease/farmouts in Trinidad
a'nd Tobago. In Table 3—1, available data on depth of well, number of wells,
petroleuml-production, API gra\.fity of crude oil, productioﬁ .me_thod, aséociated water

~ with crude oil and method of séparation of crude oil and water are summarized. The



figures in the table are preliminary and should be reviewed and elabor:ate.d for
further delailed study and survey. The oiland gas fields distribution map

is illustrated in Fig. 21 in preceding section.






Table 31 : CRUDE OIL YELLS AND PRODUCTION IN TRINIOAD AND TOB.-{GU

Productioh'

Product ion Nethod

Water Separation

_ Reserves ' Average
- . _ * Cumilative to Recoverable Self Pumping _Enhanced (i} Recovery : - Platform and Yater Annual
_ _ Depth _No, of wells  ~ Average Dec. 31, 1390 APT Reserve Production Natural Water Steam CO; Water /0il  Water Separation in Processed  Growth
Company © " %ape of oi} ficld, Discovery date WL Producing - Total _MBPD MHB Gravity B Gas Ratio. B/B Units Crude, ¥ Rate, %
hwoco Trinidad 0il Co Lid + Cassis,. 1973 12.7 .9 9 3.6 15.5 na/45.0 0.80 1 : :
(ATOC) - Mora, 19862 8.5 2 - 2 0.3 0.8 - na/na 2.10 1
- Poui, 1974 11.7 38 40 18.6 171.4 34.0/na 1.36 2
» Samaan, 1971 11.8 3 47 13.0 189.5 36.8/na 0.61 3
- Teak, 1969 15.2 60 71 39.6 265,17 29.3/30.0 X 0.13 5 (-)3.0%
_ 146 146  715.2 642.9 - /32.0 05 )
Trinidad & Tobego Oil Area IV and Guapo, 1963 na 8 192 na 25.5/ma
Co Ltd (TRINTOC) Barrackpore, 1911 1.1 83 39 4.2 18.3/26.4
Brighton, 1903 7.5 59 - 620 0.5 . 20.8/31.8
Catshill, 1950 8.7 3l 134 0.1 38.3/33.3.
Forest Reserve, 1913 1.0 283 2,042 3.9 23.0/18.3
Grand Ravine, 1929 11.0 51 168" na na-/33.5
Guayaguayare, 1902/59 10.8 115 699 1.8 . 3.7/na
Oropouche, 1944 8.1 29 128 0.2 naf32.0
Palo Seco, 1928 12,7 77 939 - 2.0 5.0/na
Parrylands 1-5, 1913 106 - 118 . 508 1.7 0.2/na
Penal, 1938 " 1.1 8 289 i1 2.4/20.3 X
Point Fortin € & ¥, 1307 10.6 124 551 3.6 22.0/19.9
Trinity/Inniss, 1956 3.7 20 85 0.5 ne/31.1
Bernstein/Point Ligoure, 1338 na na na 0.5 ' na/17.5 X
1,159 = 7,325 20.1 897.5 -
Trinidad Northern Areas Ltd. - Fortin Offshore (F0s), 1954 na 2 - 35 0.2 24.8/na 0.91 28 2.0 (-)3.0%
(TRINHAR) » Soldado, 1955 11.0 37 673 31.5 : na/20.0 7 na na - _ :
na 767 33.8 513.2 : X X X X 0.21 4 (-)3.0%
Trinidad & Tobago Petreleus : Centarl Los Bajos, 1973 62 221 2.4 na/18.9
Lo Ltd CTRINTOPEC) ' . Coora/Quarry, 1936 14.0 151 736 3.4 23.8/na
Fyzabad/Apex/Quarry, 1920-38 1.0 300 1,042 2.8 21.5/18.2
Galeota, 1963 = 6.3 41 105 2.1 25.5/26.3 X % 1.0
Palo Seco/Erin/Mckenzie, 1926 = 12.7 493 1,581 7.4 20.2/ T
~ Guapo na 196 923 2.7 : naf13.1 0.97 -
5,101 20.8 507.9 £.0 L5
Premier Consolidated ‘San Francique Barrackpore, 11.0 103 52l 0.8 22.1 pa/17.4 X X 0.56 0.8 ()1.5%
0ilfields Ltd (PCOL) Fyzabad o ' '
Trinidad and Tobago = Pelican — — ] 3.5 2.2 na
Harine Petroleus Co Ltd
(TRINTGHAR)
Lease/Farmout Barrackpore — —_ 3 1.3 0.7 na
. “Total/Average wvan 3,208 14,026 - H44.4 . 2,632 - 536

Notes © 1) [ -1 Indicates Offshore Field

2) This Table is preliminary and should be eleborated for further study.
Sources : 0il and Gas Journal, -International Petroleun Encyclopedia,
Petroleun Encyclopedia of Trinidad and Tobage, 1993.

1992 and 1981, Qi

I and Grease Report 1988/9 Department of Energy and Energy Industries, Trinidad and Tobago, and






3-2 Qutlines of Petroleum and Natural Gas Fields.

Generally the oil fields in Trinidad and Tobégo are small in scale and
superannuated. Crude density is also hi:g'};ler and enhanced oil recovery methods
such as _injéction-of natural gas, sea water, river water, steam and carbon dioxide
are widely ‘practiced. Furt.her. production of c¢rude is assoc’iated with a large

amount of produced water, injected water and steam condensate.

Crude petroleum forms emulsions v.vith associated water in tﬁe forrﬁ of normal
er_nulsions as well as reverse ethulsi:ons when prod.ucéd at petroleurn fields. The
ﬁumber of producing wells is appro.x.irnately 2, 680 onshore and BéO offshore with
a total of 3, 200 wells. Simple average crude produdéion per well ié 54 BPD which
2 indica.l;e wells are charécﬁe’xiisﬁically small scale aha superannuated in Triﬁidad

and Tobago.‘ Main feétures of individual Fields are outlined below.

(1) Eastern Offshore Petroleum and Natural Gas Fields-
Fastern offshore fields are the biggest in Trinidad e_md Tobago where
approximately 75% of petroleum, 90% of natural gas and 100% of condensate are
produced,
There are; N .
three(3) oil and natural gas fields of ATOC (Teak, Samaan and Cassia),
oil field of TRINTOPEC (Galeota), and
oil fields of TRINTOMAR (Pelican).

It is expected that further 'exploration and development in the region
will increase ‘pro.duction in future. APL gravity of . ATOC crude is 32.8
and sulfur content is 0. 27%. TT:{IINTOMAR‘a:h.d_TRINTOPEC petrolenm fields
-in the region Cdprqduce condensate_, and associated watér is separated
by the addition-o_f demulsifier. che’micals, -trea:t'r'nent in setting tanks and
t}.le.n by conventibnal oil séparétors. The residual water in crude oil is reduced

down to 0.5% and only minor chronic pollution is observed both offshore and



onshore. All crude oil produced by ATOC and T‘RINTOPEC (API gravity of 27
with sea waler injoction enhanced oil re.covery) is exported from Galeota.
TRINTOPEC .cxport_s.ﬂ[]% of its production through its own export sales networks
and 10% through ATOC exporting channels. Producing strata are of the Pliocene
and Pleistocéne periods and it is considered quite possible through geblogical
investigalion that there might be large petroleum reserves underneath the

presently producing reserves,

(2) Séuth Eastern Onshore Petroleﬁm Fields _
In the south eastern region of Trini‘dad, there are sevéf:«ii p.etrc:)leum' oil field's
- such as GUayaguaya_re,.Moruga East, Galeoté. r‘I‘rend and Cathill. Pejtroleu.r'n
production is mostly undertaken'b:y TRINTOC. The produced petroleum is of
medium gravily but the rh.él'gnitude of prbdu:ctioﬁ is smaller and‘t'otal production

of production is 8 MBPD at present.

(3) South Western Onshore Petroleum F.ie_lds
0il fields are highly concentré.ted. in.the south weétern onshore fields and
petroleum is produced by TRINTOC in the north; by TORINTOC in=tl1e':501';th
and by PCOL in the middle, with total production of 42 MBPD.' Density of
crude is gétting heavier in. the southern area and API gravity_ of the produced
crude oil from sorﬁe wells are less than 20 in that area. Ge:rierally, oil fieids
are smaller and superannuated, and _éﬁhancéd oil recovery by steam'injectién
is widely practiced. Therefore associated water quantity is higher and in some
extre.r'ne casés it is cited that the ratio of (Associated Water) / (Crude Oil +
Associated Wéter) is over 50% with én ave.r:age ratio of .50%. Crﬁdé cil
and associated water form emulsions and due to the inéuﬂ"icieﬁt separation
of oil and water, oil and grease content in discharged water is observed over
1,0(]'0‘ ppm and floaling crude -oil itsg]f- is found on the surface of dis_charged'
water. Such crude ol is diécharged into the"(}ulf of Paria throuéh puubllic rivers

and streams. It was felt that solving technical problems in design of some oil



separators, and of operation and maintenance of adequately designed oil
scpat'atofs arc essential for the preveﬁtion of petroleum pollution at oil producing

wells and crude oil tank farms onshore.

(4) Western Of.fshc.)re Peti‘bléum Fields
The Soldado petroleum fiélds of the sou.th western regioﬁ of the Gﬁlf .of. Paria
are made up of four oil fields: Nbrth, East, South West and Main fields, and
petroloum crude oil is produced by TRINTOC, TRINTOPEC and TRINTOMAR.
APL ;gravity of erude .is‘ approximately 22 and production is associated with
natural gﬁs and water. Separated natural gas is recovered and reinfected for
gas]ight préduction -of .crude. oil. A small scale seepage of natural gas near

Soldado East offshore oil fields has been observed.



3—3 Presenl Conditions of Pollution at Petroleum and Natural Gas Fields

Genefally speaking., petr‘éieum_ poilﬁtion in Trinidad - and Tobago are more
or less identified at offshore oil and gas fields, onsh_o're: oil and gas fields, _
refineries and gasoline stations. During the preliminar& study péridd, however it
was felt that the degree of chr'o:.]ic poIIutimffrom offshore oil and gaé fields is rather
nﬁubr. |

. Separation of associated water and crude oil at Teak oil fields (API Degree of 32)
in the eastern south offshore area is p:aft.ially carried out at_ offshore platform by

_dissolved air flotation and separated water is discharged directly into ocean
water after recovery of residual oil. No visible petroleum film on the surface of

ocean water was detected.

Associated water produced at south Wéstern' o:ffshore Soldado East petroleum
fields by TRINMAR is separated al onshore settling tanks. However, TRINMAR
is implementing .a waterflood project with environnﬁeﬁtal protectidh facilities _
in(ﬂud_ing c.orrugat_ed plate__inte'rcepter (CPI) as well as dissolved air flota.tion
(DAT') equipment and it is expected that the pollution status after completion of

the project will be improved Lo some extent,

Chronic petroleuin pollultion is notable in waste waler primarily at onshdre_
petroleum tank farm and refineries, The _Nlinistry of Energy and Energy
Industries estimat.ed that the chronib'}:aollution by petroleum in 1988 was
210 BPD. The distribution of the potlution is, however, mnot presented. During
the prelimiﬁary study period, sampling and analysis of .18 samples of
Wasté water from onshore tank farms and of ‘public river waler were madé.
{Waste water .a.tnalysis at refineries is repdr.ted 1n section 5 and 6-i1_1 the report).
The Government oflTrin'ic:iad and Tobago points out 20 rivers in ‘Trinidad
are chronical'ly polluted by petroleurn. The major llighly pollﬁted_ rivers ére
shown in _Té.b'lé 32 in clock wise order starting with the south eastern fivérs of

Trinidad. Oil catches are installed at a fraction of the rivers floating petroleum,



however there arve several oil catches which are not functioning. Discharged crude
oil covers the river banks or trees and grass of the river banks and is spoiling
scenery. Petroleumn, dispersed and emulsified in water, goes direclly through the

oil catch to the ocean as reverse emulsion,

Table 33 summarize the sampling and analytical study results of COD measured
by simplifﬁed COD(Mn) method on typical conshore 0il sepafator effluents as
well as.'sp'ot samplés of the representative public waters, which were carried _out'
during the preliminary study period in 1992, The énalyt_ical results indicate tha.t
there are many oi'l‘field effluent samp.le.s shdwing over 1,000 ppm of COD and
public river walers with 25 to 50 ppm of COD. Generally,': there is no defined
correlation between COD value and oil and grease content, but both figures are
considered equal in terms of or der of importance. Hance it is conmdered almost
impossible to achieve the national standard of 50 ppm of oil and grease content

at the discharge outlels of oil separators.in oil field tank farms.

_ Petroleum pollution at onshore oil fields are attribu’téd to rﬁostly technical aspects
of facility désign, operation and maintenance, however the rainfalls and river
stream volume in Trinidad and Tobago is also closely related to pollution. Annual
~rainfall is almost identical to Japan énd is recorded at 1, 800 'rﬂm. However, frequent
" shortterm heavy rain is observed there énd it should be noted that countermeasures
for petroleum pollution preventlon should include control of floodmg by storm
water at petroleum recovery facﬂltn,s In Table 3—4 and Fig.3—1, hydrometx 1c
basic data on major rlvors in Trinidad and Tobago is preSGHted ADaily flow rates
of such rivers are available for heavxly polluted small streams in T1 1n1dad and
Tobago. Also in I‘able 35 is presented hydrometnc data of the Clpelo River near
the PointeaPierre Refinery. The data is cited only for reference. The Ciper River
‘receives no effluent from any oil industry operations and is therefore irrelevant

to oil pollution.



" Table 8-2 @ NAJOR

PETROLEUR POLLUTED RIYER IN TRINIDAD ANﬁ TOBAGO

Flow Rate Data

River HNawe Tributary (011 Catch)

1. Brtofre River Balata, Poole, Mora, Teak Yes:Fd4-1

2. Bel Air River Falmiste Neo

3. Tavia River - No

4, Navette River - Ko

5. Madane Francoeise River Lizard, lguana Neo

6. Filote River " Lawezi, Eau Clarke., Petit Pilote Yes:F5-2

7. Moruga River Petite Riviere, Stone, Grande Riviere No

$. Horrovite River Little Moriquito., Cascas No

9. La Lune River: - o

10. La Marac River - No

{1. Grande Riviere River .= _ No

12. Erin River Hope, Carapal, Ouebrada Honda No {17

‘ Arena, Ambard .

13. Cap de Ville River(l) Corova, Cemetiere Yes!F&-3

14. Guapo River(1) Techier Yes:F6-1 (2)
“15. Cruse River - No (1)
16. Vance River - No (1)
17. Vessigny River - ) Ho (1)
18. Silver Streaa River Morne L’Enfer, Kanout, Timital No (12
18, Tarouba River L o ] No

20. Oropuche River Molai, Rio Megro, Curaspo, John, No (2)

Morocunapo, Coorsa, Morne Diablo
21. Godineau River Papure, Oropuche, Cumuto, Curawmata
22. Guaracars River(2) Hovo, Black Swaamp Ho (1}

Hotes: (1) Refinery of Point Fartin is located between Cap de Yilte River and

Guapo River.

Haste water

is discharged

into Gulf of Parisa.

Peint

Fortin is takinmg 2,160 TPD of industridl water as well as sea water, -

both of which are discharged
rate is estiwated 47,000 TPD. o
Refinery of Pointe-a-Pierre is discharging 81
through Guaracara River.

(2)

to Gulf of FParis

into Gulf of Paria.

(3) Clinatic Conditions at Refineries are sumsarized as follows.

Iten

Point Fertin

Rainfall, ns

.—Annual Average
~Annual Maximun

-Maxioua/Day
Tidal Dats, n

-Highest Possible

"Spring High
-Normal High
~Hean Tide

~Normal Low

-Spring Low

Point-a-Pierre

1,877

1,877
2,672 2,672
120 120
1.6 1.6
1.3 $.3
1.0 1.0
0.8 0.8
na 0.4
0.3 0.0

39

‘Hasle water flow

,000 TPD of waste water
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STREAM GAUGING STATIONS

DRAINAGE

Figure 3-—1

© HAJOR RIVERS

IN TRINIDAD AND TOBAGO
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Table 3-5 : BRIEF DATA FOR CIPERO RIVER IN TRINIDAD AND‘TOBAGO

Ttens | Data in 1989
River Name ‘Cipero River (F8-3)
Location South of San Fernando and

Discharge into Gulf of Paria
Drainage Area, kni _ 22‘3--1‘Heavy Clay Soil
Elevation and slope, m 5 to 69, channel slope=0.0056
Rainfall, =m | | _
Abnual 1,315(100% in 1989)

Monthiy Maxioum =~ 239 (18.1% in November)
Minimum ' 31 (2.4% in April)
River Run Off, mm _ _
Annual 377 (100% in 1989)
Honthly Maximum 90 (23.8% in November)
Minimun 7 ( 1.8% in April)
River Run Off/Rainfall, ¥ 28.7

River Discharge.Rate. i /sec
Instantaneous Peak 96.05 (Historical highest on July 21, 1985)
31.87 (1989)

Mean Bischarg, w/sec

Annual ' 0.27 (1989)'_
Monthly Maxinun . 0.86 (Septenber)
Minimun 0.08 (April)
Daily Maximum _ 8.40 (November 29)
Miniaun 0.02 (July 02)

Notes : I)IThe data is the latest available, however the recorded annual rainfall of
1,315 mm is cohsiderabiy fower than the yeariy average of [,762 mm,
2) The hydrometri¢.measuriné was Undertaken for.Cipéro River since 1978.
Sources : Surface Water Report, 1989;.Water Reéourees Agency, Government of Trinidad and

Tobhago.






4, PETROLEUM STORAGE AND PIPELINE FACILITIES
4—1 Outlines of Petroleum Storage and Pipeline facilities

Crude oil produced at onshore wells is transferred to gathering station and then
to tank farms, where crude oil is treated at wash tanks to separate oil and water.
Associated water is discharg‘éd at the bottomn of thé tank while the upper layer of
.crude oil is sént to-the Pointe.—a—.Pie'rre Refin_eryl Crude oil produced at offshore
wells is transferred to the onshore base through submarine pipelines. The total
volume of crude o1l of ATOC and a portion of crude oil of TRiNTOPEC are directly
exported at the eastern south_onshore base. The rest of TRINTOPEC’s crude oil
and TRINMAR’s crﬁde o1l produced in the southwestern offshore area are sent

through onshore pipeiine to the Pointe—a— Pierre Refinery.

Submerged pipelines are coated with asphalt. Diameter of onshore pipelines are
generally 2" from wells to gathering stations, 6" from gathering stations to tank

farms and 8" from tank farms to Pointe—a-—Pierre.

Natural gas is produced from associated gas in the southeastern oil fields and
sent to the Industrial Estate of Point Lisas as well as to the electric power stations

at Penal and Port of Spain.

Generally onshore pipelines are laid above ground, on racks approxirhately 50 ¢m
high alongside public roads and when crossing public roads the pipeline is buried

underground. In Table 41 outlines of major trunk pipelines are summarized.



Table 4-13 MAJOR TRUNX PIPELINES IN TRINIDAD AND TOBAGO

Dianeter

: Pipeline Route Approximate
Fronm To Delivery  Feet, Inch '.Distance. kn Remarks
Onshore

Mayaro Havatte Field NG - B~ 1/ 11
favatte Field Beach Field NG | -.5” ) 10
_ Crude 12~ 10

Balata Fast Field Rochard Douglos Rd Crude 1-6” _ 35
Beach Field Rochard Douglas Rd Crude 1 -12" - 40
Crude N 40

Mandingo Cottage Trace Crude 1-3" 10
1-67 10

Pole Seco Field Pointe-a-Plerre Crude 1 -12” 30
NG { -18” 30

Cl. 10” 30

Point Lisas Pointe-a-Plerre Co- -1 -8" . 10
H2 1-¢" 10

HG 1-12” . 10

Point Fortin Pointe—a-Pierre Product 1 -86" 35
_ Gelota Point Point Lisas NG 30 . 80
Pointe-o-Pierre Port-of-Spain NG 16" 30
Mahaica Field Port-of-Spain NG 5" 30

Offshore o _

Cassia Galeota Point .NG 0% 60
Teak A Cond 8" 30

Samaan Teak B Crude ) 16 15
Teak B Poui Crude/Cond 24" 20
Teak A Galeota Point Cond - 18" 40
Poui ) Gajeota Point Ceude/Cond - 24" . 20
Gateota 1 Galeota Point Crude 8" B 1]
Saidado ¥ain Field Point Fortin NG - 8" + 10" + 127 20
Crude " 20

Point Fartin Crude 6" 20

Brighton Maripe-!

Notes: NG=Natural Gas, Crude=Crude Uil, Cond=Condensaie._CU;=Carbon Dioxide for-Enchnncgd 0il Reéovery.
He=Hydrogen Gas for Refinery Uses. This table is preliminary and should be elaborated prior further study,

Sources: location Map of Uil.and Gas Pipelines, TRINTOC. June, £985 and Dthers.

42



4-2 Flow Diagram of Petroleum Storage and Pipeline

A typical flow diagram of -st.orage and piﬁeline of crude petroleum is shown in
Iig. 4—1 . The crude oil base at Point Ligoure is receiving 5 3 MBPD crude oil
of Soldado offshore field of TRINMAR. Crude oil is further Lransmitted to
TRINTOC Refiner'y through 6" and 8” pipelin.es.
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4—3 Conneclion, corrosion Prevention and Painting of Petroleum Storage and

Pipeline

(1) Connection
Generally coupling connection are used for pipelines less than4” in diameter and

clectric are welding is used for 6" and larger pipelines.

(2) Corrosion Prevention and Paiﬁting _
Corrosion preventive coatings are generally one layer of anti—rust coating and
two layers of_aluminu_m paint. The .bottom plates of tanks are coated with two
layers of coal tar. Finishing paints are mostly aluminum paint. In some cases,
undércdating's of only one layer are also observed. Submarine pipelines are u'n_der—
coated by mixture of gasoline and 'asphélt and then top—coated with asphalt —
glass fiber — ésphalt — glass fiber — asphalt multi—ply coaled. Further cathodic

protection by zinc plate is also practiced.



4—4 Present Condition of Environmental Pollution

Maintenance, leakage and spill checking of petroleum storage and pipelixies
system is practiced daily at Guayaguayare tank farm Eby two shifts of three men
and major pipeline roules are patrolled by a team of two linewalkers once every

week,



4—5 Pollution Status and Past Record of Spills and Leaks of Petroleum

One of.the_ n‘iajor sources of chronic pollution is that separation of associated
water at separators is not couéid_ered tb be adequately controlled é'ndr contaminated
crude oil 1s diécharged with waste water into public rivers. The waste water itself
form emulsions (reverse emulsification), incr_easing pollution. Additionally spills
of crude by poor operation, léakage l"rom. valves because of vandalism and
corrosion of pip_elinéé are recorded as the origin of pollution. The detailed data

base of spills and leaks is not yel completed.

In Table 4—2, the petroléum spill and leak accident record of storage tanks and
pipelines from Jénuar'y 1, 1989 up to August 31, 1992 is tabulated nationwide. The
total number of accidents onshore is 185 and the number of cases of corrosion
Ol‘ig’i];l 1s 116 (62. 7%). _

Total spillage is 3. 72 MB and that due to corrosion is 2. 55 MB(GB..S%). Recovery
‘of spilled petroleum onshore is 47%, while there are 8 cases offshore spillage totaling

. 54 MB with no reco.vér},'f.
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Table 4-2: OIL LOSS FROM CRUDE OIL TANK AND PIPELINES

Number of 0il Spilled 0l Recovered

Location (ause Incidents (MB) - “(HB)
On-Shore : ; _ _

' Corrosion . 118 . 2.55 1.02

Non-Corrosion 89 1.17 0.72

Sub-Total 185 3,72 1.74
0ff-Shore 8 0.54 0
TOTAL 193 4.31 1.74

Notes : Date is taken from January 1, 1989 to Augﬁét 31, 1892
Source: Ministry od Energy and Energy Industries, 1992



5. REFINERIES
5~1 Process Operdtign at Refineries

(1) Opération System
Two(2} slate—owned refineries are in operation under the management of
TRINTOC, n‘émely,' PointeaPierre Refinery (175MBPD) and Point Fortin Refinery
(80MBPD). Péint'f‘ortin Refinery is a hydroskimming oné with atmbspheric
distillatio_n, vacuum distillatibn, catalytic reformin.g, hydrogenation and asphall
production. PointeaPierre, on the other hand, is a socalled integrated refinery,
consisting of atmospheric distiilation, vacuum distillation, vishreaking,
hy_drogehation,'catalytic reforming, catalytic cracking, alkylation, polymerization,
lube 0il production, sulfur recovery and petrochemicals such as Udex and normal

paraffins.

Both refineries are operated in an integrated manner so that the highest efficiency
is achieved; various feedstocks are tfansport_ed reciprocally. Wide range naphtha
(rni_xture of naphtha and kerosene)is .shipped frérn PointeaPierfe to Point Fortin
“to pféduce jet fuel at a high yield in the hydrotreating process, while excess
amounts of atmospheric residue at Point Fortin i.s transferred to Pointe—a--Pierre

through pipeline to feed fluid catalytic cracking via vacuurmn distillation. '

Both of thems make the best use of existing facilities to produce a wide range of
petroleum. products, including‘lube oils and petrochemicals,. To achieve the best
efficiency, not only indigenocus crude but also imported crude oil from Venezuela

is used. Integrated product yield is shown in Table 5—1.

63 M'zijér Facilities and Capacity
Major facilities and nameplate capacity of the refineries are tabulated in Table
'5-2, Actual rate of operation during the first half of 1992 was as low as {IMBPD
“at i’oint Fm;ti_n and BSMBPD_ at PointeaPierre. .



(3). Refining Process
Refining processes for the Point Fortin Relinery is shown in Figure 51, and
for Pointe—a—Pierre at present in Tigure 5—2, and after the completion

of scheduled upgrading (estimated) in Figure 5-3,



Table 5-1

INTRGRATED SYSTEM PRODUCT YIBLD

Liquefied Petroleun Gas
Mogas
Kerosene
Gas Dil
Fuel 0il
{ias.”Loss

2.4 % Volume
22.5
10,5

15.5

47.1
2.0

Source : TRINTUC




Table 5-2

MAIN UNITS AND. CAPACITIES

L8PD]
Point Fortin Refinery Pointe-a-Pierre Refinery
UNITS | unit unit
Capacity Capacity
number’ number
Crude Distillation 1 80,000 2 175, 000
Vacﬁum Distillation 1 7,000 3 163,000
Vishreaking Unit 2 17,000
Hydrotreating Unit 1 21,000 2 128.000
' (Naphtha, Kerosene)

Fluid Catalytic Cracking 1 28,000
Unit _ _
Catalytic Reforming 1 6,500 2 25,000
Kerosene Hydrogenation i 4,500 _
Udex Unit i 9,500
Aromatics Fractionation .1 2,500
Unit
Alkylation Unit 1 2,100
Catalytic Polymerization i 1,500
Unit
Lube 0i! Plant
Furfural 1 8,000
Methyl Ethy]l Ketone 1 5,000
Hydrofining i 3,000
Nonene Fracticnation I 400
Ndrma] Paraffins ! 16,000 .
Sulphur Recovefy 1 250 TPD
LPG Unit 1 2,700 1 1,500
Bitumen Blowing 1 1,800

Source : TRINTOC

]
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5—2 Present Status of Environmental Conservation at Refineries

(D Emissi.on Standards
1) Pres'ent.Sta'tus _

The Government of 'the Requlic’ sel L_he' target of S0ppm as the monthly average
oil and gre,ﬁse limit in thé refinery effluent water on June I, 1990, However, no
other-eﬁliséi(jn standards have been determined so far, with respect to water
elfluent and atmospheric emission. |

While the establishment of standards othéf Lhan Qil- and gréaée in water effluent
was 1'e.g‘ardedr as premature at the Workshop of the Ministry of Energy and
‘Energy Industries in May 1992, TRINTOC proceeded t6 monitor the'it_.ems‘ listed
in Table a—3. Amohg thes.e items, monitoring of pH, térﬁpef‘atux‘e, dissolved -
'oxyge.n. oil and grease, dissolved solids, suspended solids, ammonia and sulfides
were monitored at the outlets of API Separators of both refineries in a six—week

programme in 1992,

2) Movement in Future
The full monitoring programme listed for TRINTOC in Table 5—3 will
“be implemen.ted in 1993 and is expected to continue till 1995, ‘The data acquired
will be used as the basis of design for the pollu.t.ion protection facilities and also

serve as a reference for the establishment of emission standards.

As to atmospheric emission, periodic contihﬁous monttoring of S0, and H,5
concentrations at ground level is to be implerﬁented early in 1993, as well as
mbnitoring of CO, S0, and N.O,( in the emission gas. Dust emission from the fluid
catalytic cracking unit will be monitored afler 1993, All these measurements will
furnish reference 'data.Eor the éstab]ishment of the'e_miss:ion s_tandafds. The
guidelines of Latin American State Oil Reciproeal AsSisténce (ARPEL) h"a:vé
presented long term goal st_andai‘_ds for various emissions. Noise emission stand
ard will also be investigated. TRINTOC,.a member-of ARPEL, is making efforts ..

to comply with the standards within 510 years.



(2) AntiPollution Facilities

| 1) Exhaust Gas
No_stateoftheart.eq.uipme'nt for antipollution is installed in either refinery. SOX
in exhaust gas, however, is estimated to be at a Id\v level, since clean natural gas

is used as fuel, although no monitoring data is available.

2) Oily Effluent
Each refinery has foﬁr(d) 'API separators for the treatment of oily effluents from oil
stbrage area and fefinery facilities. Oily effluent treatment system at Point Fortin is
shown in Figure. 5—4, No.3oil saver is followed by a CPI separator. Effluents from
Nos.1,2 and 3 oil savers pass ihx'ougﬁ an effluent channel and flow into Gulf of

Paria. At the mouth of the channel is installed an oil béom to catch spilled oil.

Figure 5—5 is a diagram of PointeaPierre effluent treatment System. No.2 AP separator
has an independent guard basin, while Nos.3 and 4 API separafors i’lave a common
guard basin. Further, an oil boofn is installed at the mouth of the Guaracara River
into which both 'effluenté’ flow, Bésidcs, two(2) oil catchments for the effluents from

pump house and four(4) oil catchments for those from tank farms are installed.

3) Sour Water
Sour water containing hydrogeh sulfide is treated by a sour waler strippcr at

each refinery.

(3) Effluont Flowrate and Analysis

No routine measuremént of effluen[:.flowrates is made for either refinery. Flowrate
with analytical data of COD and O/G for Pointe—a—Pierre from April to July,
1992 1s .shOWn.in Table 5—5, Table 5—4 gives an anaiytica] data for P_oint Fortin
on August 24, 1992 with design value of flowrate, since no actua'l. data for the
- flowrate i.s av.ail.ab'le. _ _

These data: i'ﬁdicate'TtoBtimes hi‘gher effluent rate per barrel of throughput
compared with that of Japanese refinories. Content of COD and O/G is also high,

causing an environmental problem.



(4) Sources of Oily Elfluent
Sources of oily effluent are tabulated in the following tables;
Point Fortin:  Tables 5—6 and 7

PointeaPierre; Tables 5—8, 9and 10
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Table 5-8

PARAMETERS FOR LIQUID EFFLUENT MONITORING

~ EXPLORATION AND PRODUCT1ON MANUFACTURING DIVISION

DIVISION
* pH + pH
* Temperature + Teper‘atﬁre
* 0il and Grease ﬁontent' + 0il and Grease
%k Total Dissolved Solids + Total Dissolived Solids
% Sulphides % Sulphides
*k Dissolved Oxygen %k Chemical Oxygen Demand
* Total Suspended Solids + Total Suspended Solids
*+ Heavy Hetals * Phenol
% Polyaromatic Hydrocarbons % Cyanide
* Heavy Metals
¥ Polyaromatic Hydrocarbons
% Chlorinated Hydrocarhons
+ - weekly..moniioring
% - monthly monitoring
F ~ specific studies

Source : REPORT ON THE ESTABLISHMENT OF TRINTOC’S ENVIRONMENTAL UNIT AND
AN ACTION PLAN FOR IMPLEMENTATION OF ENVIRONMENTAL PROGRAMMES
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- POINT

Table 5-4

FORTIN EFFLUENT DATA
STATION FLOW RATE 0il & Grease
[mi/hr] [mg/ ]
#1 0il Saver 379 88
#2 0il Saver 117 25
#3 Booster and CPY 0il Saver:| 1,006 NA
#4 0il Saver 452 45
1 Design Figure Cited since no ActuaI:Data Available.
2 Analytical Data on August 24, 1992
Source : TRINTOC
. Table 5-5
POINTE-A-PIERRE EFFLUENT DATA
(APRIL-JUNE 1992)
FLOW RATE C.0.D. 0.& G.
STATION PARAMETER
(m/s) (mg/ ) (mg/ )
#1 APT No. of samples 14 7 16
Mean 0. 041 402 422
14818 /hr
#2 API No. of samples 15 7 16
Mean 0.136 291 - 406
490 /hr
#3 API No. of samples 14 7 14
Mean 0. 041 223 196
" . 50md/hr
#4 API No. of samples 14 7 16
Mean 0. 742 229 176
| - 2, 671w /hr
#2 AP1 C
Guard Basin No. of samples 8- ¥ 8
Mean 0. 150 236 - 236
540 mf/hr
Toial 3,899 m/hr

Source : TRINTOC_
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Table b5 — 6 PDINT FGRTIN REFINERY FACILITIES (1)

B e et e e b 0 et 1 J— SO — — —— -
| REFINERY FACILITIES | RESPORSIBLE | CHARGE 1H | LIQUID WASTE | OIL SAVER / |
| AT POINT FORTIN | SUPERVISION | | VO OIL SAVER / OIL | OIL SKIMMER i
I I | ! . SKIHHER I |
j e o T T e -]
|CRUDE DISTILLATION 111 |  REFIMERY-  [Largo Treco Crude  |Kerosinme, Gas Oil, Fuel ¥ 2 OIL SAVER ¢D 111 |
} o 111 | oPERATIONS |0il / Indigenous  |Oil, Pump/glend leaks ] |
| | jerude @il | | |
| - I | | !
{ | [ : [ _ { |
i " } " | " | satt Water JREFINERY EFFLUENT |
| | } ' | |1l SKIHMER |
! I | I I I
! ! o o | |
| NEROX UNIT |  REFINERY |Light Tops from |Spent Caustic |REFINERY EFFLUENT i
| | oPERATIONS  {CD LII, Platformer | |OIL SKIMMER ]
! I o I | i
I I I | P |
| UTILITIES | = REFINERY | {salt Water JREFINERY EFFLUENT |
| |- OPERATIONS = | ] |OIL SKIMMER }
I ! | I I i
! SR R A | _ I I
| HYDROTREATER UNIT | = REFINERY  [Héavy Kerosine/ |Kerosine, Gasoiline, [# 1 01 saver |
| HIU | OPERATIONS ~ |Naphtha |Pump/gland Leaks JCOMPLEX / HV1 /NOR |
| ' ] ] {pipelines | |
I . I o I |
| " ] " | n ] Sour Yater |TAHKS R 23, R 22 |
l I I | | !
! I I I I t
| , I | I I , i
i PLATFORMER | REFINERY  |Gasoline |Gasoline, Platformate,  |# 1 OIL SAVER i
| | oPERATIONS | [pump/gland leaks [cotPLEX 7 HV1 £ NOR |
| I i g I !
| I 1 | _ | - I
[ HYDROGENERATOR | REFINERY |Light Avjet |Avjet, pump/gland leaks |# 1 OIL SAVER |
| HeU | opERaTIONS | | JeowpLEX / V1 / HOR ]
I I I ! | o
| N - |- ! I |
| BLTUMEN PLANT |- REFINERY  |Fuel oil {Fuel oil, Gas 0il, |# 1 OIL SAVER {
| | OPERATIONS | {Bitumen, pump/gland leaks, |COHPLEX / HV1 / HOR |
| | | . |satt Mater | |
| I | | I I
I _ I I : | o I
|HAPHTHARIC OIL RESIOUE |  REFINERY |spent Caustic after |sutphuric Acid, Spent |# 1 OIL SAVER |
| UNIT | OPERATIONS |[treating gas oil  |[Caustic, Salt Water [coMpLEX / KV / NOoR |
y NOR | | | | |
R LR e S L LR LT E Y EE moonzpomzossonszs=ansk




Table 5 - 7: POINT F

TANK #

| RESPONSIBLE

| -LIQUID WASTE

| SUPERVISION | TO GIL SAVER/ PIT

46

50, 52

54, R 159

60, 61, 62, &5

53

51, 42, 43

71, 72, 73

21, 22, 23, 51

24, 26

70

12, 13

27, 29, 30, 28

J INSTALLATION
{& SHIPPING

| INSTALLATION
|& SHIPPING

I

| INSTALLATION
|& SHIPPING

-

] INSTALLATION
& SHIPPING

1 .

I
JINSTALLATION
{& SHIPPING

I
|

| INSTALLATION

|& SHIPPING

{ INSTALLATION
|& SHIPPING

J INSTALLATION
}& SHIPPING

|
I

| INSTALLATION
|& SHIPPING

I
!

| ENSTALLATION
|& SHIPPING

J INSTALLATION

& SHIPPING

] INSTALLATION
|& SHIPPING

I

J INSTALLATION
|& SHIPPING

ORTIN REFINERY FACILITIES (2)

| OIL SAvEr/ |
| PIT |

|Crude il & Slop Oit|# 4 CRUDE OIL |

|bleeds

|Maphtha, Reof bleeds|# 4 CRUDE OIL

|

|

| SR Naphtha

|

|

|

|Hogas bleeds
I

|

!.

[Kerosine bleeds
|

|

I

|Platformate bleeds
Light Tops bleeds

Gas oil bleeds

|
I
|
|
I
!
!
|
i
I
I

jLargo Treco crude
foil bleeds

I
|

|Hide range Maptha
jbleeds

[

I

JLarge Treco crude
|oit bleeds

|

’l

|Fuel oil bleeds
i o

!
§

|Kerosine, Gas oil,

[Gaépline, Fuel 0L, |

|Platforrate

—— e —— — — — ——— TR Al b o o . S et e — —— E— — — piy et feeerrt rrEE

|  sAvER |

J  SAVER

|

J# 4 CRUDE OIL
| SAVER

MOGAS OIL
SAVER

# 3 BOOSTER
OIL SAVER

¥ 3 BOOSTER
Ol SAVER

# 3 BOOSTER
OIL SAVER

¥ 3 BOOSTER
OIL SAVER

# '3 BOOSTER
OIL SAVER

| # 3 BOOSTER
| oIL SAVER

i

|

| sHORE-END PIT
I

I .

|

{sHoRe-EHD PIT
|

|

I

| JETYY HEAD PIT

|
I
t
|
I
|
I
|
I
|
I
I
I
f
[
I
I
!
!
!
I
I
I
I
!
f
[
l
I
|
|
!
|
I
I
|
I
I
|
!
|
I
I
I
|
I
[
I
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Table 5 - 8: PUlNTE-A*PIERRE.REFINER‘! FACILITIES (1)

R - _ - %
| REFIHERY FACILITIES | RESPONSIBLE | CHARGE IN | -L1GQUID WASTE | API SEPARATOR/ |
| AT POINTE~A~PIERRE ' | ~SUPERVISION ' | : | TO API SEPARATOR ]  GUARD BASIN ]

L . ; et e - R _.]
:.fl 8 CRUDE DISTILLATION | MNORVH AREA . |Holo Crude oil/ |de- oiled Hater from #8 | # 2 APL |
|unxr - oy i |Largo Cinco Crude  [COW Sump ! ]
I I it I [ I
I P | | I I
I | I 'I I !
| " ] ] " |surface water | ¥ 2 APl i
| | I I I I
L N E T .I | I
|# 4 YACUUM DISTILLATION| NORTM AREA ~|Reduced Crude from |Kerosine stripper Vapour, | # 4 APL |
Junty - you | |tiole crude |Gas Oil Tower condensate | i
] | | . |vepour, Hot well Vapour, | ]
] | | {pump leaks -smail, Sour | i
1 | | |uater ! |
I | | | . | - |
| " | R | " |salt Water, traces of | RIVER KHAL |
| | | [hydrocarbons due to | |
| | ] fleakages of overhead | ]
| | { |pipelines | J
I I I | | I
| | ! I o ! i
|# 3 VACUUH DISTILLATION] HNORTH AREA  |Reduced crude from |[Salt water, light | 4 4 arl }
Jun1E - VDU i ’ ILargo Cinco |hydrocarbon vepour, steam, ) |
I | | : Jeftluent from Hot well, | |
| | I |pump bleeds | I
| I I | | |
| I I I : f I
|FURFURAL RECOVERY | HORTH AREA  |[vacuum Gas oil [Hone - closed system, | # 4 API i
joir - FRY | ] {if any discharge however, | |
! | | {pump bleeds | |
I I | [ _ | _ |
[MEYHYL ETHYL KETOME | HORTH AREA - |Refined oil [closed system - if any | # 4 APl ]
Juntr - sou | ] " |discharge however, pump | i
! | i |bleeds ! |
I I I I I I
r. ERESRISDSREREIRES == == B ] =

puwonEmoonOSTTERTSERGR
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Table & — 9:--PUINT.E"A*PIERRE REFINERY FACILITIES (2)

i CHARGE 1N

i LIQUID UASTE
[ T0 AP1 SEPARATOR

AP1 SEPARATOR/
GUARD BASIN

Hap

| REFINERY FACILITIES | . RESPONSIBLE.
| AT POINTE-A-PIERRE | SUPERVISIOR
e o e e b e l......... e
I;ﬁ 1 CATALYTIC REFORMING] SOUTH AREA
JunLT - CRU |
I ' !
I b
| o
[ # 1 HYDROTREATER | SOUTH AREA
| HTU i
I |
I | .
j H 2 GIRBOTOL | $OUTH AREA
I I
| !
| _ I
| CATALYTIC | SOUTH AREA
|POLYHERISATION UHIT |
| CPU |
| I
I : I
| LOW PRESSURE GAS UNIT | SOUTH AREA
| | LPG |
I |
| I
! I
| JP -4 TREATER | SOUTH AREA
- I
I !
P I
| PETRECO | SOUTH AREA
I I
! I
I I
| # 1 YISBREAKER UNIT | 5O0UTH AREA
| veu i
| I
I |
| !
[ # 1 VISBREAKER UNIT | SOUTH AREA
| VB ]
g I
| |
| HAPTHALLC ACID PLAKT | SOUTH AREA
I I
I I
l. !

|straight Run
[6asoline, Naptha
L

|

i

|Karosine

[Hydrdgen Sulpﬁide
JRich Gas

i .

I

|vepropaniser tops
|
|
|
|

|Propane/ Butane/
|Hethane

B

[Kerosine

jGas 0il

)Fresh water with traces

|of Gasoline, Haptha,
|Kerosine, Gas oil

I

| .

JAtmospheric Gas 0il/|Fresh water with traces

|of Gas oil, Kerosine
|

I

pe-amine, light
|hydrecarbon ges

|

I

|Caustic treated , amine
I
{
I
i

|caustic treated
| Light hydrocarbons

Ispent Caustic soda,
Caustic in water

|caustic soda in water

| salt Water, Gas oil,
|Kerosine, Gasoline,
[Heavy crude materiat

I

|

| salt vater
|

|

|

| sulphuric Acid, Caustic

|soda, traces of medium

‘|hydrocarbon, HOR troces

B2 AP1

#2 AP

# 2 API

i 2 AP

H 2 APIL

41 ARl

#1 aP1

H1arl

i 2 AP

H 1 APl



Table ©-10: POINTE-A-PIERRE REFINERY FACILITIES

(8)

REFINERY FACILITIES®
AT POINTE~A-PIERRE

RESPONS IBLE
SUPERVISION

| CHARGE IN

LIQUID VASTE
YO API SEPARATOR

[ ar1

| GUARD BASIN

SEPARATOR/

FCCy

D3 COLUNMN

P4 COLUHM

ATID PLANT

UNIT

1 vou

s e e e e P e . = S ey s Pt e eVt et P o M e et ki o s A b S —y o Ao e et At

FLUID CATALYTIC
CRACKING UNLT

GAS CONCENTRATION UNIT

ALKYLATION UNIT

# 1 CRUBE DISTILLATION
- Cbu

EAST AREA

EAST AREA

EAST AREA

EAST AREA

EAST AREA

EAST AREA

EAST AREA

|Yacuum Gas 031
|
|
i
|
|

|Fecw distillates,
jHe gases

[
l

|step ofl

}Phoenix Park
| tondensate

|

| .
jButane, Butelyne
|

|

[Hydrogen sulphide
I

|

!

|Hote Crude 0il

|

f

}

{Reduced crude

519

|ve-oiled vater from FCCU
|Ruri Dovn Sump, Surface
}water from Fecu

I
l

jCompressed Gésoling,|sﬁrféce vater, leakages
{from pumps, Coustic soda,

|sour Hater

(

I

jpump glands ieaks,
|acidic water

i

i

|ligﬂt hydrocarbons

JAlkylation bottoms, pump
|bleeds, caustic soda,

|sulphuric scid

;..

jAmine, condensate,

|Hydrogen sulphide, weak

|sulphuric acid

|Hedium hydrocarbons, pump

|leaks if any

{Kerosine, Salt water,
jtight hydrocarbons

fast

East

# 4 APl

H 4 APL

# 4 API

Area Guard
Basin

Area Guard
Basin

73 APl

# 3 APl

PLY
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b

—3  Present Status of Environmental Pollution at Refineries

(1) 01l Spill Incidents in the Past
Table 5—11is a summzify of oil spill'iﬁcidellt statistics compiled by the Ministry
of Energy. The table includes oil spills fron.1 onshore and offshore oil fields,
crude oil tank terminals, pipelines and refineries, but does not include naturdi

seepage.

Oil spiil incidents from 1986 to 1988 are exceptionally high both in frequency and
quanti_ty_. In 1986 Pointe—a—Pierre suffered two(2) oil spill incidents as outlined
in the table. The worst one occurred on July 20 when ground subsidence caused
a crack at the bottom of a storage tank. About 6. 2MB of fuel oil spilled out to the

sea damaging fisheries near Icacos peninsula.

Since 1989 the incidents reduced both in frequé:néy and quantity,. but still are at a

“high level considering the t.:hroughput of crude oil. Further, these data are only

those reported to the Ministry; chronic oil spills through daily operation should
be added to this record. '

During this period no oil spills were reported from Point Fortin.

(2) Present Situation of il Poliution from the Refineries
No incidental oil spill has been l'ep'ortéd from either refinery since 1987, Therefore,'
chronic oil spills from the refineries have been studied on the basis of daily

operation and maintenance of the facilities as stated below;

1) Quantity of Oily Effluent from Refineries _ N
Table 6—1 in the following séction'shows the (;élcurlated_arr:iount of 0il and gréase |
in the refinery effluent. Tffluent l'rdm PointeﬁPier’re contains 220, prm of oil and
grease, equivalent to 126, 5BFD of éil lost out of the refinery. That from 'Poi.n_t

Fortin is 56. 3ppm, equivalent to 18, TBPD of oil lost.



These figures are considerably higher than Ja'panese ones. In Japan, the National

Regulation is 5 ppm maximum, average performance is 0. Gppm.

2) Current Situation of Effluent Treatment Facility
Main effluent treatment facililies in both refineries are API-separators of gravity
separation type with low separation efficiency. The following photos illustrate the

pei‘formance of the separators;

a) Effluents from API separators of Pointe—~a—Plerre are contaminated

with floating oil mass as seéen in the pholos on the {following pages.



Qutlet stream from Nos. 3 and 4 API separators. The mark

of black oil on the banks suggests incidental oil spiils.

Na. 2 API separator outlet. Oil is [loating on the overtlow weir,



No. 1 API separator. Effluent is of milky, dark emulsion.

Also some floating oil.

b) The photo below is the oil hoom at the outlets of Nos. 1,2 and 3 oil savers
of Point Fortin. A mass of oil is trapped in the oil catch and a part of the oil

passes through the boom and flows out to the sea.




¢) The black oil comes {rom crude/fuel oil storage, slop oil storage, crude

distillation unit, desalter, vacuum distillation uni_t and vishreaker,

d) Guard basin is a unit where treated effluent and clean water are mixed and
discharged out of the battery limit. However, as seen in the following photos,

floating oil is observed at the outlet of the guard basins. Also, the oil mark on

the bank indicates incidental oil spills.
RS AV A stk o SR |1
G ;-‘,i . R ; i ik

L &8

Guard basin for No. 2 API separator al PointeaPierre



¢) There are also oil spill marks on the banks of oily sludge pits .and crude
storage tank farms. Probably oil has spilled out during heavy rain. Also noticed
15 a quantity of oil puddled around some crude tanks, which was caused by a

failure of sump pump. (photo below)

) In summary, most of oil pollution from the refineries is due to insufficient

effluent treatment, amplified by incidental oil spills.

3) Presumed Cause of Insufficient Effluent Treatment
Oil and grease content in the current effluent from both refineries does not mest
Lhé target value of 50ppm even under normal operation. fn addition, oil pollution
is further amplified by occasional incidents 6f oil spills.

The presumed causes of insufficient oil separation from effluent are as follows:

&) lnsufficient separation of water from crude oil at oilfiélds;
Water content is as high as 2¥% in the crude oil from the oilfields where

enhanced oil recovery (EOR) process is employed. This makes the






b)

c)

d)

c)

£

separation of water _(bleeding operations) at the crude storage in the

refinery difficult and it also overloads API separators.

The load of API separators is, additionally increased further by stormy

rain.

Improper discharge operation of water out of the crude oil storage

(excess oil ma_y be associated with bleed water).

Improper desalter operation (oil was observed in the effluent during the

visit by the study team).

Improper maintenance of API separators. (sediment or sludge, leakage,

ete.)

Improper design of API separators and sewer system (introducing rain
water into oily effluent system, improper geological level arrangement,

etc.).



Table 5-11
01L POLLUTION STATISTICS 19851992 AUG

Spill - |0l Spilled | 0il Recovered | 01l lostto
Year : : : environment
Incidents |.in bbi ] in bbl % L
in bbl
1985 80 13,700 12,400 | 90 1,300
1986 609 65,615 47,240 | 72 18,375
~1988
Yearly Average (304 32, 808 23, 620 9,188)
1989 193 4,306 1,738 | 40 2,568
~1992hug.
Yearly Average - (54 1,200 482 713)
' | o1 |SPILLED 0IL | RECOVERED
DATE REFINERY | SPILL INCIDENT | priven | ™1y oL OIL N 8BL
1986. 7.20 | Pointe-a~ | No.71 Fue} Oil | Fuel 0il | 24,684 18,513
Pierre | Tank(22,800K1)
Leakage due to
Crack of
Bottom Corner
1986.11.19 | Pointe-a- | Leakage from [ Desulf. 1,170 - 1,140
Pierre 10" Heavy Gas | Heavy
il Pipeline | Gas 0il

Source @ MINISTRY OF ENERGY
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5—4 Environmental Conservation Direction at Refineries

Although lurther study 1s essential for the establishment of pollution preventive

measures for the refineries, the fbllowing recommendations might be helpful to

establish the concept of improvement. Integrated effects of the following items

would lead to improved environmental conservation.

(1> Enhancement of Qperator 'I‘x aining

nhancement of operator trammg for proper: operatlon and maintenance of the

equipment is essentlal for’ mmlmlzmg pollutlon problems. Priority should be

addressed for operators to be conscious of environment protection while

performing their daily work.

(2) Establishing _Operation/Maiﬁtenance Standards
Establishment of operation/maintenance standards is also important. Especially,
establishing standards for crude tank bleeding operations or skimming operations

and removal of sludge in API separators will minimize oil pollution,

(3) Detailed Study for Proper Selection of Emulsion Breaker
Proper selection of emulsion breaker, as well as determination of proper addition
rate might reduce emulsion problems in bleed water from crude storage and

effluent from the desalter.

(4) Modification of Equipment and Instrumentation

The followiﬁg equipment should be ecxamined for modification or new installation.

1) Slop oil tarik
In case that satisfactory beparahon of 011 is difficult in crude st(n age bleeding
operatlons installation of a s]op 011 tank may be of a help,
Dram water contammg oil is fu st-sent to the slop oil tank where emulsion breaker

is added for better separation.



2} Depurator
Installation of a depurator _wili also be useful for better separation of oil from

desalter effluent. Figure 5—0 is a flowsheet of a depurator.

The principle of the depurator is s'e'parating oily mud with air bubbles, which are -

generated by agitating effluent water containing oily mud with air. Oil and scum
are skimmed and recovered [rom the effluent. Addition of chemicals may promote

the separation efficiency.
3) Separation of Storm Water Drainage System f rom Oily Effluent System

4) Modification of existing API separators
Bxisting API separators should be exammed carefully for treating capamtles and
a modification plan should be established based on lhe exammatlon
Generally speakmg‘, API separators can recover 01] droplets Iarger than 150 m.
011 droplets smaller than 150 m theref‘ore pass through the API sr—-parators In
normal practlce APT outlet concentr atlon of oil and grease is appr oxlmately 30
ppm when inlet concentl ation is about 1, UUUppm To meet the standard value of 50
' ppm 1s possible with API separator alone if o0il in the effluent exists in the form
of large droplets and does not form 'efnulsion. .
If the effluent is in the form of _reve1'se"emulsi0n, it 1s 'neceésary fo break
chemically or physically before it is intréduced' to API _sebarators. Gravity

separalion procesées like API s'eparators are usually called primary treatment. -

5) Dissolved Air Flotation Facility .
Dissolved air flotation handles water after primary treatment (oil and grease 1030
ppm) to reduce the .content to 2bppm. If it is proved difficult to meet the. targot of '
SUppm inth API 's'e'parators alone, installation of a dissolved air flotation facility

may be considered.



6 ) Modification of Instrumentation
Recent progress in instrument design permits improved detection of an oil/water
interface, using an electrostatic prabe rather than a conventional gravity sensor.

Such a device might help better operation of desalters; etc.

In ]992 TRINTOC established an independent Environmental Section within the
Safety, Envi.ronme.ntal and Fire Services Department, Table 512 shows the action
plan for the implementation of environmeital proé‘rﬁmmes. The Workshop on
Prevention of Chronic 0il Pollution recomm'e.nded programmés- for the
impr.oveme'ht. of environment by 1995 — 1996 when the upgrading project {'Li'n_ded
by DB is completed. The outline of the programmes includes implementation of
environmental monitoring (air and water),. _estébiishmenl_; of corporate standards
(air, wa:ter and noisé), separation of stor=m water and impro{remént of water
treatment facilities.

It is recommended that improvement of facilities and enhancﬁerﬁent of operation/
maintenance tééhnoiog)’ management be impiemented taking the action plan into

consideration.
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6. WASTE WATER TREATMENTS
6~1 Waste Water Treatment at Petroleum Oil Field

Ou_tlirws of waste water treatments relevant to _petroleum and natural gas
production ('mshore._and offshore in Trinidad and Tobago are _described in
preceding section. Generally oil fields are mature, aged: and Superahnuated, and
produced crude oil is of low gravity and asSociated with large qu_antities of
water ‘as _en}iancéd oil recovery is _p'rz.icbiced by injecting river water, sea
water or steam. Crude oil forms re\}erse: cmulsions in  water, a.nd' this
forms a layer which is rather stable and difficult to break. Separated water
is discharged containing reverse emulsion of high oil concehtration as well as
with floating crude oil itself on the surface of waste waf;er‘. Thus petroleum is
dispersed into the sea through public river water. Furthermore, in Trinidad and
Tdbago there are frequent tropical storm showers which disperse petroleum
pollution by fl'oo_ding"_ oil separators as well as guard . basins. Emulsion
and fléating crude. oil is spread over large areas onshore, on beaches and on sea

water itself.

Sources of petroleum'pollution are distributed widely in the oil fields in the sout
hern régioh of Trinidad. A p.ortion of this p;alluﬁion is extended to swarhpy land.
Petroleum pollution starts with onshore oil fi_elds, oil separators and guard hasins,
andthen proceeds fhfough small and medium slcale rivers in turn to ocean. During
the preliminary study in Septenﬁ_ber, 1992, the study team took and measured COD
{Mn) on a limited number of spot Samples to m.ake an es[:irhafé of the total volume
df petroleum pollutants. The measurement data of oil and grease in waste water
at Penal, B_arrackpore and Gu%:iyaguayar'e of o_ne'sample ih every month from
September 1991 to August 1992 .fneasured by the Government 'authariiy were
ava;ilable. and are su_fnmarizcd in the preceding scction. The data fluctuates widely
wifh maxi_r'ﬁurﬁ of 2, 600"ppm_ and miﬁimixm_ of 40 fspm. However, as the concentration

data of oil and grease is not accompanied by estimated flow rates of the



rivers, it is impossible to make any clear estimate of the total poi]utant discharged
from onshore petroleum producing fields. It was cons_ide're_.d not abpfopriate to
estimate at this slage the total f)dlllitant discharged from oil fields on_shore and
offshore, or to discuss and pred‘.ict the pol_lult.ant distribution of 210 BI:F’D_'of oil,
which is an estimale of total chronic petroleum p.dllution by the Government
aut.h.ority. However, it is clear that the polldtidn by petroleum offshore is minor

compared to that of onshore.’



- 6—2 Waste Water Treatment .at Refineries

In 'l‘ril_lid'ad and Tobagb; two petroleum refineries are owned and operated by
TRINTOC in Point Foftin and Pdintef*a4Pierre. O_peratiug throughput in 1992
averaged 41 MBPD at Point Fortin, cosum'ing‘ mdstly impofted crude oil from
Venézu_ela, and 88 MBPD at Pointe—a-Pierre, cohsuming mostly domestically

préduced crude oil.

Waste water treatment system at Point Fortin consists of 3 units of oil savers plus
1 unit‘p.f corrugated plate intefceptor and final treatment is 'carried'out at an o1l
catch at the moﬁth of the Refinery-Chénne] where it enters the G:ulf of Paria,
while at Pointe—a—Pierre the Sy'steﬁl consists bf 4 units of API separators and
waste water is finally treé{:ed with an o'il. catch at the mouth of Guaracara River.
The oil and grease cbncentr_ations in waste water at both refineries are higher as
~ reverse emulsion and further floating heavy oil mass on the surface of the waste

water goes through separators,

The analytical data of oil and grease in waste water ai both refineries were
determined at CARIRI during August, 1992 but the flow rates at Point Fortin are
missing, Therefore petroléum pollutant volume is estimated by applying design

flow rate of separators.

The basic data is summarized in Table 6—1 which shows the average analysis
of o0il and grease are 56;3 ppm ai Point Fortin and 221 ppm at Pointe—a-—Pierre.
These figureé'_are higher than 50 ppm which is the mdnthly average standard

established by the Government.

Waste water is discharged into the Gulf of Paria (curreni; direction in the Gulf is
clock w‘ise)', pbllutir_ig both sides.of ‘the mouths of rivers and the southern beaches
of the_Gu_l'f as waste water goes through the oil catch in the Refinery Channel in

Point Fortin and the Guaracara River in Pointe—a—Pierre.
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63 Petroleum Pollution at Refineries

It is not easy to access internationally objective data on the waste water treatment
" method at refine:ry and waste water q_u.alil;;i'es._ In this study report, waste water
environmenfal g‘uidelinés proposed bjr the World B_énk and the national averages
for waste water qualities of all refineries iri.Japan are referred to to make fair
c_Qmparison with the present pollition status at the refih’e.ries_ in Trinidad and

Tebago.

Basic environmental indices for Japanese refiﬁei"i'és are summarized in Table 6—2 )
'Nlational waste water discharge 'Stan'd.ards for oil and greaéé in ) aﬁén is 5,0 ppm
while past performance in 1989 recorded an annual average of.U. 6 ppm and daily
maximum of 0, 76 ppm ‘which is compared with 56. 3 ppm .at Point Fortin and 221
ppm at Pointe—a—Pierre in "I‘rinidad"an.d Tobago. Further it is noted that the
ratio of oily wasté water volumé to refinery 'pétr01eum throughput is 0. 078 TPB
in J_apan'whne 0.920 and 1. 146 TPB in Triui'dad. and Tobago. Therefore the discharge
of oil and- greése per thousand barrels of refinery throughput averaged 0, 34 B/MMB
in Japan and 457 B/MMB at Point Fortin and 1, 438 B/MMB at Pointe—a—Pierre

in Trinidad and Tobago,

In Table 63, _envifonmental guidelines of the World Bank, Japanese enviz‘onrh:ental
load and the present status of Tri.ni.dad and Tobago are .compared_. The statisties
indicate that not oﬁly is the oil-and grease concentration higher in Trinidad and
Tobago than in Japan, but also the volume of oily w.aste Wafer per thousand
_barrels of c:dde oil fhroughput is .higher. Therefore, the unit discharge of oil and
grease is much hi.gh'ex.' in Trinidad aﬁd Tobago.
-Tétal oil and grease pollution at refineries is 145, 2 BPD which is fairly comﬁarab]e
to the chroni_c:p.ollutio_n of 210BPD .és‘timatod by the Government. Also, emission

from petroleum fields must be added to the estimate.
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G—4 IEnvironmenial Conservation Direction at Waste Water Treatment

The largest source of ﬁétrdleum ﬁollutioh .in Trinidad and Tobago is the formation
of reverse emﬁlsion of péﬁroleuni with associated water and floating oil mass at
petroléum fields (especially onshore) f lé\ving out of gravity :separators to rivers,
swamps and then dispersed in sea water. It is considered that the major reasons
for pollution are large ambunts of associated water produced with crude oil,
insufficient demulsifier performance and the flooding of oil separator by tropical

storm water.

At the refir_leries, indig‘enous'crude. 01l received contains 2 ¥ of water in the form
of normal emulsion and this results in excessive bleedir:ig of crude oil with water
at crude storage tanks, as well as in inadequate water separation at the desalter
é;.ld_ graﬁty type oil separators causing them to pass through emulsion and floating
~ heavy dik mass. The effluent volumes of oily waste water is excessive and infldw
of storm, water creates flooding of o1l separators and washes out the petroleum

pollution into rivers and the sea.

Tht_a most effective cc)untermeasu.re to reduce ﬁetroleum poll.ution is the improvéme_nt.
of waste water treatment facilities. The following aijproaches will in generél
promote prevehtion of pétroleum pollution:
a) Reduction of the volum.es of produced and inflow water, and increased
recycl.ing of waste water. . .
b) Efféctive use of demulsifiers to improve _oii'and water separation.
" ¢) Formation of large sized droplets of p.etroleum in emulsions.
d) High temperature, longer retention _;at settling_ ta.n_k and bubble =t;10tation
~ for oil separation. _ .
e} Addition of filtraﬁon and physical demulsification.

f) Biological treatment such as that using activated sli_ldg’e. _



g) Optifn_ized designing of pollution prevention facilities as well as the
enhancement of t.echno!o.gy levels in operafions and maintenance.

h) Improvement of geographical configuration of gravity type oil separator
and prevention of inflow .of ‘storm, rain, cooling and miscellaneous \veste
water.

i) Rem]ectlon of waste water.

j ) The optlmlzatlon and integration of waste water separation systems at
onshoze o1l f:elds tank farms and refmely storage tanks. High associated
water content in crude at oil fields and high residual water content 1n
crude at refmely are the majm reason for petroleum pol}utlon in Trinidad

and Tobago These two oil separ ablons should be optimized and integrated.

In Teble 6—4, factors relative to oil separation are summarized. Electrostatic
charge, surface tension, temperature, salt concent;'ation and other conditions of
emulsmn (normal and reverse) are essential factors for oil and water separamon '
leis expected that further detailed and elaborated study should he 1mplernented'
to establish the most optimized and integrated pollution prevention system in

Trinidad and Tobago.



Table 6-4 : DESIGN BASIS AND PERFORMANCE OF OIL SEPARATOR

Appiicable 0il 0il Content  Flow . Ofl Droplet

Droplet Diameter mg/) Speed Rising Speec
-0l Separator Type " in Micren! Dut/In n/min  mn/fsec flotes
1. Gravity Separator : _ .
- Settling Tank - 200+ 50-/1,000 - - o=
- API: American Petroleum Institute 150+ - 30-/1,600 0.9 0.9 Rectangular
~ PPE: Parallel Plate Interceptor 100+ 10-/1,000 0.6 0.2 Parallel Plates
~ CPI: Corrugated Plate Interceptor 60+ 10-/1,000 0.3 0.2 - Corrugated Plates
2. Heater - Treater
- Vertical Heater - Treater . ' -
- Horizontal Heater —~ Treater : -
= Electrostatic Treater _ Cheneletric,
Electrochenmical
3. Coalescer ; 15+ _ . Fine Tubing
4, Flotation - 16+ Contact Angel
- Pressurized Air Flotation :
- Yertical Type
= Horizontal Type
- Bispersed Air Flotation _
= lon Flotation S Anionic-Stjrfactants
- Precipitation Flotation : " Cationic Surfactants
- Bentonite Method :
~ Electrolytic Flotation Hz and 0z gases
5. Clarifying Filtration 3+
- Sand Filter
- Anthracite
= {ranite
- Pressure Filtration
~ Multilayer Filtration
- Upflow Type Filter .
- Upflow/Downflow Type Filter Anthracite/Sand#Grava}
6. Bubble Flotation 1.5+
7. Activated Carbon Adsorption 1.5-
8. Demulsifier Addition _
- Multivalent Metal Coagulation i.0-
- Organic Chenmicals ‘1.0-
- Heating and pH Adjustment 1.0-
9. Llectrolysis- S 1.0- " Petrolite Qil Field.
: Chens, - -
Howe-Baker Engrs Inc.
40-150° C, 2.8 atg,
0.005 Kith/B
10. Activated $ludge Method 1.0~ '
11. Concentration and Incineration 1.0~

Notes : 1) Micron = um = mn/i0? . _ 6—10



7. PETROLEUM SOLID WASTES TREATMENT
T—1 Present Status of Solid Waste Treatment at Pet_rolcum Oil Fields

Main solid wastes from oilfields are oily sludge. Sand and mud in the oil layer
are pumped up to the surface accompanied by oil to form oily sludge, which
settles at the bottom of gathering tanks and effluent treatment facilities as a
sediment. =Accorciin,t__i;}},r, solid wastes from bilfig_lds are not of daily occurrence,
but are dischargéd at the ti.rhe of (‘:}Le_animgr and maintenance. Other wastes include
~ floating debris from'o.il catches in rivers, empty bottles and drums used for

distribution and marketing of petroleum products.

At present these wastes are disposed or landfilled within the cilfield area. The
place of landfill is naturally dirty, but since the location is iimited within the area,
environmental pollution pr_oE]ems are hardly recog-ni.z.ed. However, it is not
certain that the location of disposal or landfill has been checked for the possibility
of secondary pollution, that is., contamination of underground water, overflow to

the river or to the sca in case of heavy rain, ete.

71



T—2 Presenl Status of Solid Waste Treatment af Refineries

In the refineries,.the'main solid wastes are oiiy sludge consisting of polymer or
residue, waste catalyst, floating debris from oil catches similar to ones froh
oilfields, empty bottles and dirams.

Again, these wastes are dischéfged at the time of cleaui.ﬁg and ina_intenance of .
the equipment.

The method of disposing these wastes is by landfill, as in the oilfields.



7-3 Environmental Pollution by Petroleum Solid Wastes

(1) Oilfields and Refineries
As stated above, no significant. pollution by petroleum solid waétes is recognized
at.pi‘esont.- However, due consideration should be paid to disposal or landfill
operations to avoid secondary enviibn’men!:al poliution' as stated in T1, especially

for the refineries, which are located close to the sea.

(2) Waste Lube Ol |
Waste lube oil is another waste related to the_'petroleum industry. BEstimated
amount of waste lube oil in ’I‘finidad and Tobago is abbut 4 KL/D, The source
of waste lube oil is gas stations where lube oil is changed in moter v.eh'icles.
Gas stations are equipped with oil bréps in the drains. But since .the oil recovery
syste'ni is not established, they do not recover oil from the frap and let it out to

the public sewer system.

In Trinidad and Tobago fuels such as gasoline and lube oil .are marketed solely
ny National Petroleum Marketing Co.(NPMC),- Consequently, all gasE stations in
Trinidad and Tobago (ab'out_.2'20) are affiliated with NPMC;

NPMC is currently implementing a project in which wast:e lube oil is recovered

from selected 22 gas stations and is recycled to the PointeaPierre Refinery as slop oil.

In general lube oil contains -v"a'ri_ou's additives, which may cause corrosion of.
equipmé’ht or poisoning of catalysts if fed back fo a refinery process. The project,

therefore, needs careful followup for detrimental effects to the refinery.

Tor '_informat.;ion, lube oil consumption ind apan is Z.SMMKL/Y', spent lube oil

is :d'isposéd In the following three(3) ways;

Incineration as i_.ndust'riél waste 18%
Heating'of greenhouse, ctc.. 5%
Treatment for reuse _ 7%



There are about fifty(50) small scale 'treatment_plants in Jap.an, .t.tredting average
amoﬁnts of I,000K1, of spent lube oil per plant am_l_u_eilly. The technology of
treatment for reuse has Eeen eétab_liéhed, but current price of petfoleum products
makes it unatéractive to treat spent lube oil for reuse. In addition, secondary

pollution such as waste clay and acidic sludge may be a problem.

‘Figure 7—1 illustrates basic flow diagram of spent lube 0il recovery process.
. The spent oil is first treated mechanically to separate wate.r, ‘then washed with
sulfuric acid to remove carbonized or oxidized imlpuriti.es. In some cases a propane
washing process is employed prior to sﬁlfufic acid washing. .

After washing, the oil is neutralized and purified by filtration. However, redistillation
of the il is required to recover if as suitable base oil.

In Japan, wastes containing oil must be inciner.ated and. lf;,mdfill is pfohibited-

uiider “The Law on the Waste Disposal and Cleaning.”

(3) Atmospheric Pollution

Atmospheﬂc polluiion from the petroleum industry might be another problem.
During the visit of the study team, ddors of 80, from the efflulent.o_[_the sulfuric
acid plant at the PointeaPierre Refinery and H,S from a"tan.k rec'e'ivi'n‘g:‘ steam
flood crude oil were noticed. waever,_ they w'ére not noticéd when tﬁé team visited
again. Consequenily the degree of pbllution in terrﬁs of amount and frequency is
not clear. _ - |

It is recommended that the height of the stack is checked for preventing pollution
at the ground level: thé calculation can be made if adequate information on the

pollution source and meteorological data are available.
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8. CONCLUSION AND RECOMMENDATION

The prelinﬁnhty 's:tu'dy mission of JICA visited Trinidad and Tobago to {ind the present

status of petroleum pollution and discuss the background and object of the request.

Major findings and recommendations are itemized as follows:

8—1

52
8-3
8§—4
8—5
86

Petroleum and natural gas industries are the backbone of Trinidad and

Tobago.

In spite of plans for the diversificétion of industry in general, the petroleum
and natural gas industries will continue to play a major role in the economic

developmenf of Trinidad and Tobago.

The petrole'urn and natural gas industries are characterized as export

oriented industries. Domestic consumption is marginal,

Environmental pollution in petroleum industries at prese:ﬁ 1s not adequately
controlled. The administrative initiatives for pollution ¢control and pfevention

are still in the cradle stage.

The most critical and chronic pollution is petroleum waste water pollution
in onshor_e'petroleum_pfoducing fields as well as at petroleum refining
facilities. The Gover.nmer'lt has proposeduenviror;mental control standards for
oil and grease at the outlets of all facilities, lT he other poﬁutants in petféleum
waste water such és CODE, SS and others have not been adequately studied

to permit establishment of other standard for environmental protection,

The study on pol]u'fion prevention and control within petroleum sector in

‘the Republic of Trinidad and Tobago will be beneficial for Trinidad and

Tobago.

"The study facilitics and location should be selected in the prepatratory stﬁdy.



_ The most critical and chronic pollution is petroleum waste water pollution

al onshoré petroleum production well fields as well as petroleum refining
facilities. The Government haﬁl proposed enﬁrbnfnent chto'rl iérget
coxiéentr'a!;ion of oil and grease at the outlets of all facilities. .The other
pollutants in petroleum waste wéfer such as COD.SS and otheijs are not

adequately discussed: to establish target of environmental protection.

The study on pollution prevention and control within petroleum sector in
the republic of Trinidad and Tobago will be beneficial for Trinidad and
Tobago. .

The study facilities and vegions should be selected in the preparatory study.
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