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Preface 

The Environmental Impact Assessment Report has been prepared by Oil Master Houston 
and principally funded by Oil Master Houston. In accordance with the Environmental 
Assessment in Ghana, A Guide, published December, 1996, the Team Consuhant Concept 
has been applied to both the data and information presented in the EIAR. 

This document has followed the major topics of the L.I. 1652 document in submitting an 
Environmental Impact Statement pursant to regulation 13 (2), where a Scoping Report is 
accepted by the Agency. It has addressed possible direct and indirect impacts of the 
undertaking on the environment at the pre-construction, construction, operation, 
decommission, and post-decommission phases. 

Actual Botany-Zoology Survey exercises were performed to formulate all data on both the 
flora and fauna of the prof)osed site within the Sekondi Export Processing Zone. Data 
from the Ministry of Health has been included to further indicate the impact to Anoe 
Village, a community located approximately 3(X)m south of the primary operation zone of 
the project. 

On site visits by the proponent have been made to the proposed site and Anoe Village to 
further correlate the actual data from the Botany-Zoology Survey. The proposed refinery-
petrochemical complex will be virtually self sufficient and an environmentally sound 
project. 

We are extremely grateful for the cooperation received from the government entities of 
the Republic of Ghana. Those entities include the Ministry of Mines and Energy, Ministry 
of Envirotmient, Science and Technology, Environmental Protection Agency, Ghana Free 
Zones Board, Regional Meteorological Authority, Sekondi,Ghana, and the Shama Ahanta 
East Meteropolitan Assembly. 



Botany and Zoology- Departments 
University of Ghana 

EIARTeam Consultants 
Performed both Botany-Zoology Surveys 
on the proposed site. This project included 
the major qiecies of both flora and fauna 
within the Sekondi Export Processing Zone 
Also, identified all bodies of water. 

Shama Ahanta East Metro. As5embl>' 

Ghana Free Zones Board 

Vital data or information on the Anoe Village 
people, approximately 3t)0m south of the proposed 
petrochemical-refineiy project. All base maps were 
ptepaied by Metro. Assembly persoimel. Assisted 
with on-site visits by the proponent. 

Many hours in providing administrative consultation 
on the dcsignaDon of the land.appro\imately five 
hundred (500) acres within the Export Processing 
Zone. 

Ministry of Mines and Energy 

Vanguard Insurance 

Issifii Ali aitd Company 

John K. Offeh 

S.K. Bhattacharjec 

Its positive rcvien of the technical data. AnkolM^ 
Resources Ltd as a potential pctrochemical-rcllnery 
comfriex in the Sekondi Export Processing Zone. 

This firm has been able to provide the details on the 
various insurance needs of both the physical asscsts 
and per^imel. Assisted in noting the health 
impact of the area and the need of the employees as a 
high priority for insurance and health care. 

This firm has ser\^ as a r^)resentative.Ankobra 
Resources Ltd, (1) L.I. 1652 and its purpose and (2) 
inler^iced and had dialogue with the Ministry of 
Environment and the EPA concerning the EIAR. 

A Director, has interfaced with the Ministry of 
Emironment. Science and Technology and EPA 
concerning the EIAR as related to L.1.1652. Mr. 
Offeh has represented Ankobra Resources Ltd. 
as the legal refnesentative. Assisted in the 
commissioning of the University of Ghana. 

A Director, has worked behind the scene involving 
technical matters with the rcfioeiy general 
contractors. Also, assisted in the general dialogue 
with Air Liquide on the construction of a gas plant 
in Ghana 

Roland T. Cain A rarector, principal writer of the EIAR 
Coordinated the entire project to include the 
financing.site visits, and interfacing with various 
governmental entities in Ghana, 
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Enviromental Impact Assessment Report 

Executive Summaiy: 

Ankobra Resources Ltd. project includes a 140,000 bbls. per day crude oil refining and 
petrochemical unit. Petroleum products include diesel, unleaded gasoline, LPG, Jet Fuel, 
fiae! oil, bitumen products and methanol.- The project will be located in the Sekondi 
Export Processing Zone, approximately 300 m north of Anoe Village.This environmental 
assessment addresses the requirement of a state of the art refining unit on a worldwide 
basis. 

This project will employ between 350 to 400 individuals to include 70% to 80% 
indigenous personnel The site will initially construct structures between 100 to 120 acres. 
The Republic of Ghana has a shareholder stake of twenty (20%) percent and the 
remainder to the consortium (i.e. Ebony Enterprises Ltd (London), Antoine Trading 
Int'1. Co. (USA), and Oil Master Houston (USA). 

The plant will consist of, (1) Distillation tower, (2) Catalytic reforming unit, (3) 
Alkylation unit, (4) Visbreaking unit, (5) Fluid catalytic (FCC) unit, (6) Unibon unit 
(7) Hydrodesulfijrization unit, and (8) Partial Oxidation Unit. This petrochemical refinery 
unit will mainly use Nigerian Light Crude Oils such as Bonny Light Crude, Brass River 
Light Crude Oil, Qua Iboe Light Crude, and Forcados Blend. 

All West African crude oils will be delivered by tankers via a pipeline into the Gulf of 
Guinea. A desalination unit will be used to provide fi"esh water for the entire complex to 
include industrial demands by the petrochemical-refinery unit. 

Current estimates indicate a construction work force of approximately 300 to 350 workers 
with approximately 70% to 80% as indigenous workers. Plans include a temporary area 
of (1) offices, (2) meeting rooms, (3) sleeping quarters ( 100 to 120), (4) toilets, (5) 
kitchen, (6) dinning room ( 100 man capacity), (7) clinic (two surreal rooms), (8) X-ray 
room, and (10) dental room. 

Approximately three (3) schools will be built to accommodate the workers and 
surrounding villagers. These schools will include the levels of elementary, middle school, 
and high school for the immediate area. 

A permanent township to include houses for about 100 employees to include bachelor 
quarters. This area will have permanent water lines, sewer lines and natural gas lines for 
fiiture usagePotable water will be received fi^om a dedicated pipline, Ankobra Resources 
Ltd. desalination plant intake from the Gulf of Guinea. 
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Introduction 

Ankobra Resources Ltd. project has been proposed to fill the domestic needs of the 
Republic of Ghana and international needs in relations to transportation fiiels. By the 
prescribed regulations, any petrochemical-refinery unit located in the Sekondi Export 
Processing Zone shall sell thirty (30%) percent petroleum product in the domestic market 
and seventy (70%) percent petroleum product into the international market. 

The generation of power, 90 mw generated onsite by Ankobra Resources Ltd. The 
recycling of steam will be used to generate electricity in the power unit. It has been 
estimated that about 45 mw will be needed for the petrochemical-refinery unit and a 
surplus of 45 mw for re-sale possibly for the national grid. In fact, national grid power 
lines transverse the site and Anoe Village, 

Ankobra Resources Ltd. is proposed to be built within the Sekondi Export Processing 
Zone- The estimated 500 acres are located 300 m north of Anoe Village adjacent to the 
main highway irom Accra to Sekondi, Ghana. The site was selected for (1) lack of visual 
tributaries or natural water drainage, (2) presence of national electric grid lines, (3) levd 
terrain, (4) railroad line (5) pipeline potential to Gulf of Guinea and (5) land set aside for 
heavy industrial use. 

The configuration will allow the refining of crude oil and methanol production on sound 
environmental basis. There will be no drilling of onsite wells (i.e. water or disposal) to 
contaminate the terrain. All units will have internal boilers for burning of intermediate by 
products and venturi scrubbers for oflF-gases during the refining process. 

Onsite incineration to incinerate wastewater, solids, sludges, and liquids. Continuous 
monitoring of emissions, gases, and vapors by electronic equipment leaving the immediate 
petrochemical-refining unit. About 10 to 12 storage tanks onsite and all will have moni
toring units for vapors or gas emissions. 

West Afiican crude oil will be the principal feedstock for the petrochemical-refinery unit. 
All crude oil will be delivered by tankers and offloaded at Ankobra Resources Ltd. to a 
private single-point mooring system anchored off the coast, and fi"om there, transferred to 
the site less thm twenty (20) miles via polypropylene pipeline. 

The project will have two major contractors, ((V Petrochemical-refinery complex and (2) 
Housing-Municipal Structures, Both major contractors have an average of thirty (30) 
years exp>erience in their respective areas of construction Each major contractor will have 
a subcontractor with world wide experience, especially in the construction and engineering 
of refineries. 

o J ^ - ^ 
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The project has been proposed to commence by November, 2000 with contract award and 
project mobilization within a ninety day period of time. It will be a turnkey basis project, 
approximately 36 months to complete the 140,000 bbls- per day unit. All refining units will 
be prefabricated, foundations consist of portland cement, pipeline system, polypropylene 
pipes prefabricated and process piping measured and constructed ofFsite. 

-7 

Ankobra Resources Ltd, project will be financed by a Private Trust Fund as a 
humanitarian loan lo Oil Master Houston as the sole borrower of the funds. This Trust 
Fund has provided financing for several petrochemical-refinery type projects on a 
worldwide basis. 

Monitoring of the site includes noise, vapor/gas emissions, erosion of soil, vegetative 
response, indoor air quality conditions, and marine conditions. Monitoring is essential, it 
is the tool to develop data during the preconstruction, construction, operation, and the 
decommission phases of the project. ' T- ^ 

This report has been arranged in format to provide the major topics and subsequent 
appendices in the following manner. 

Executive Summary 1. 

2. 

3. 

Section One 

Section Two 

Section Three 

4. Section Four 

3. Section Five 

6. Section Six 

Introduction 

Description of Proposed Prqjea 
Incudes site descripti<m. f^sical environment, 
geology, topographv', and solids, atmospheric 
environment, climate, air quality, noise, ground 
and surface water,coastal environmcnt,lagoons 
and estuaries, biological and terrestrial areas, 
wildlife,regional sellings.site inve$ligations.and 
marine environment to give the oveiview of the site 

Significant Impacts and Proposed Mitigation 

Analysis of Alternative 

Mitigation Plan 
Includes air emissions, aquatic conditions. 
social mitigation.residual impacts after miUgaUon 
and cost of mitigation. 

7. Section Seven Environmental Management and Training 

8. Section Eight Pollutants in Environmental Media,Air,Water,aiid Land 

9. Section Nine Health 

10. Section Ten MonitMing 
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Description of the Proposed Project 

The proposed Ankobra Resources Ltd. project consist of, (1) Distillation unit, (2) 
Catalytic Reforming unit, (3) Alkylation unit, (4) Visbreaking unit, (5) Fluid Catalytic 
(FCC) unit, (6) Hydrodesulfurization unit, (7) Unibon unit, and (8) Partial 0?üdation unit. 

Unit Product 

Distillation Tower 

Catalytic Reformer 
Hydrotreater (naphtha) 
Vacuum Unit (Asphalter) 
Partial Oxidation 

Light and Heavy Naphtha 
Kerosine 
Aviation Fuel 
Diesel Fuel 
Heating Oils 
Gas Oils 
Fuel Oils 
Naphtha & straight run gasoline 
High Octane Gasoline (Low sulfur) 
Pitch-asphalt 
Methanol 

Unit Acreage 

Distillation Tower 1/2 acre. 
Catalytic Reforming Unit 1/2 acre, 
Alkylation Unit 1/2 acre; 
Visbreaking Unit 1/2 acre; 
Fluid Catalytic (FCC) 1/2 acre, 
Hydrodesulfurization Unit (HDS) 1/2 acre, 
Unibon Unit 1/2 acre; 
Partial Oxidiation Unit 1/2 acre; 
Hydrogen Unit 1/2 acre; 
Generators (x 3) Units 1/2 acre; 
Tank FarTn(Crude/Petroleum Products) 20 acres, 

1/8 acre buffer zone 
1/8 acre buffer zone 
1/8 acre buffer zone 
1/8 acre buffer zone 
1/8 acre buffer zone 
l/8acre buffer zone 
1/8 acre buffer zone 
1/8 acre buffer zone 
1/8 acre buffer zone 
1/8 acre buffer zone 
1/2 acre buffer zone 

All units must be constructed on a concrete foundation with the ability to contain spills 
with a modem sewer system, fire fighting equipment, air pollution equipment, and 
adequate water supply (cooling and fire fighting) Areas will be bermed where 
containment is essential to providing an environmentally safe condition for both workers 
and community. 
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Approximately 10 to 12 storage tanks to inlcude both crude oils and petroleum products * . 
are on site Tankage will be available to both railway and tractor trailers for transport of 6«-^**^^^ 
petroleum products within the Republic of GHÏSa, Dual pipeline will be used to transport ~j r p 
petroleum products to tankers for international shipments. 

2.1 General Refining Process: 

Crude oil to be ofEloaded at a single- point mooring (SPM) and piped to shore, maximum p 
tanker size would be 40,000 tons deadweight carrying a cargo up to 38,000 tons, and , Aj 6k^^. 
maximum draft of 16 m. Pipeline to be buried or anchored in seabed to prevent movement '^^PVi xj«. -
and damage. Pipeline shall be buried from an offshore location having a minimum depth of r i ^ f ^ 
3 m below low water level to the plant fence line. 

Crude oils are then pumped fi"om the onsite tankage into distillation tower for both 
atmospheric and heat fi-actionation. The distillation tower usually provides such fi-actions 
as naphtha(HT), mid distillation fi-actions, and vacuum distillation bottoms, see simplified 
refinery flow diagram {Fig. IC, Fig.2C,Fig.3C and Fig,4C )-

The naphtha (HT) flows into a splitter, gas emissions and hydrocarbon molecules to a 
catalytic reformer Gases fi^om the catalytic reformer enter the alkyiation unit and 
produces gasoline. 

Mid. distillation firactions,enter the hydrodesulfijrization unit producing diesel. Vacuum 
distillation bottoms enter into two (2) paths, the Unibon (hydrogen) to the FCC unit and 
produces diesel and gasoline. The gas enters the alkyiation unit to produce fuel gas. 

The other path is the visbreaker to the POX( partial oxidation) producing methanol. 
Syngas fi-om the POX unit undergoes syngas conversion and enters the Unibon unit 
into the FCC unit producing diesel. ^ 

Approximately 300 to 350 workers will be required during the peak construction period. 
Most constriction activities are related to site preparation, assembly /interconnection of 
various pre-engineered components and buildings, and installation of utilities and services. 
Between 3 SO to 400 permanoit workers are needed to operate the petrochemicl -refinery 
complex. "^c^[>e*ttl^i>^.^ 

A permanent site including approximately 100 to 120 houses for both expatriates and 
indigenous workers. Guest houses will be located in both Accra and Sekondi to 
accommodate international workers for overnight stays and guest on refinery business. 

Ankobra Resources Ltd. main wastewater treatment system will handle its sewage ft^om 
both the industrial and municipal areas of the site. Biosludge handled onsite with microbial 
activity in the wastewater treatment system. 
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ANKOBRA RESOURCES LTD. 

A. WAREHOUSE(S) 
B. TANK FARM 

1. Crude Oil 600,000 tons 
2. intermediate Products 900,000 tons 
3- End Products 500,000 tons 
4. Wastewater/Studge 500,000 tons 

C. ADMINISTRATIVE BUILDING 
D. LABORATORIES 

1. Environmental 
2. Quality Control 
3. Petroleum 
4. Chemistry 

E. TRAINING BUILDING (S) 
F. PERSONNEL CHANGING ROOM COMPLEX 
G. MEDICAL DENTAL CENTER 
H. AUTOMOTIVE/TRUCK REPAIR CENTER 
I. TURBINE GENERATORS (ELECTRICAL) 
J. CONTROL ROOM (S) 
K. CONTROL ROOM - TANK FARM 
L. GENERATORS (EMERGENCY) 
M. TRANSPORT CENTER 
N. MAINTENANCE BUILDINGS 
O. PIPELINE(Pipeiine under road throughout Free Zone) 
P. PROCESSING EQUIPMENT 

1. Distillation Tower 
2. Catalytic Reforming Unit 
3. Alkylation Unit 
4. Visbreal(ing Unit 
5. Fluid Catalytic Cracking (FCCU) 
6. Hydrodesulfurization Unit (HDS) 
7. Unibon Unit 
8. Partial Oxidation/Methanol 

Q. TRAINING FIELD AREA (Fire Fighting Techniques) 
R. SHIPPING AND RECEIVING BUILDING 
S. FIRE STATION 
T. LPG FILLING STATION 
U. SCALES (TRUCKS) 
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SIMPLIFIED REFINERY FLOW DIAGRAM 
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Figure 2C,Simplified Refinery Flow Diagram 

Rg 3 

REFINERY YIELD PATTERN 
GasDilnes 

2,230 

Saiss 
i v p r o d u c t s 
\ 9 , 2 0 0 

Disllllstfls 
4,B40 

Naphtha 
700 

LPG 
250 

Melhanal 
540 

BItumans 
400 

FuaJ DM 
• ip'.i sii'caniunipfmt) 

60 

Sales producls: 9,200 

Fuel: 600 

Waste: 1,510 

•*i 

'VJeWs In I.ÜOO ions/year [PercenI on irulgd aiide 
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PROGRESSIVE DisraiATiON PROCESS 
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Description of the Existing Environment 

3.1. Site Description: 

Refinery Site: Latitude: 
Residential Site: Latitude 
Anoe Village: Latitude 

351O0N-3670ON 
34400N-35400N 
34400N-34700N 

Longitude 192400E - 194200E 
Longitude 194400E - 195400E 
Longitude 192300E - 192700E 

1. North 
2. East 
3. South 
4. West 

Anoe ViU^e: 

Bounded by Industrial Site 
Bounded by Farmland 
Bounded by Residential (not fijiiy developed) 
Bounded by Industrial Site / Railway System 

Location: Shama Ahanta East Co-ordinates: Longitude 634000 
Latitude 114000 

3.2 Physical Environment: 

Sekondi Export Processing Zone is located in the southwest, Kibi - Winnera Belt and 
southwest of Cape Coast as noted on simplified geological maps of Central and Western 
regions of Ghana There are no indications of mining activities in this area nor are there 
any indication of Au and Mn. 

3.3 Geology, Topography, and Soils 

Ghana lies within the Man Shield which occupies the southern most part of the West 
African Craton. Volcano sedimentary rocks and granitiods of the Ebumean orogeny 
make up for the greater part of the lithology and occupy the western part of this country 
while Voltain (quartizite, grit, congolmerate, shale, and mudstone) sediments of the 
Palaezoic occupy most of the eastern portion. 

Both units are intmded by granitiods distinguished as the Dixie Cove, Cape Coast, and 
Bongo types. A significant feature of the Birimian Group of Ghana is the existence of five 
parallel volcanic belts, comprising low grade metamorphosed basilic lavas and 
separated by basins containing metasedimentary units. Luebe and Hirdes (1986) have 
proposed that sedimentary and volcanic rocks may generally be synchronous implying 
that they were deposited contemporaneously as lateral facies equivalents. 
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Soils exposed in the Sekondi Export Processing Zone, has indicated an eolian type or 
loess soil, reddish in color and almost a clay consistency. An eolian or loess type soil, 
maybe characterized as an unstratified soil deposit usually buffer yellowish brown in color 
and composed of small particles mixed with clay. 

Latosolic soils, include many groups of reddish leached soil of the tropics, formerly called 
latente. The clays are mainly koalin, iron oxide, and alumina. Even though rich in clay, 
most of the soils are non-sticky and permeable. 

Several types of soils such as alfisol, inceptisol, moilisol, oxisol, spodosol,ultisol, and 
crustal rock have been compared in there elemental composition. There elemental 
compositions include silicon, aluminum, iron, calcium, magnesium, sodium, potassium, 
titanium, manganese, and phosphorus. 

Ankobra Resources Ltd. petrochemical refinery project will be in the alfisol zone in 
the Sekondi Export Processing Zone. 

3.4 Atmospheric Environment 

The Sekondi Export Processing Zone , currently no industrial activities nor organized 
fanning in the area. Natural growth cycle exhibited by grasses, trees, and shrubs are 
evident of ambient air quality in the Sekondi Export Processing Zone. Tdjie 2.1, Air 
Quality Objectives and Guidelines provide values for ambient air conditions. \ " ^ ^ -̂  

3.5 Climate 

Sekondi Export Processing Zone is an equatorial seasonal forest. The tropical deciduous 
or seasonal forest occurs in parts of Central and South America, Southern and Western 
Afiica and Indonesia, and North Eastern Asia, The climate associated with these forests is 
somewhat drier than that which produces tropical rain forests. Also, the year is broken 
into one or more alternating dry and wet seasons which may be nearly equal length. 

Ghana lies entirely within the tropics. Annual mean temperatures throughout the country 
vary fi"om 79 deg F to 84 deg. F (26 deg. C-29 deg.C). Maximum temperatures.highest 
in the north, occur about March. Temperatures are lowest about January in the north and 
August in the South. 

Rainfall varies fi-om 30 to 100 inches (76-250 cm) annually. The temperature range, 
however, is similar to that in areas where tropical rain forest occurs. The southern half of 
the country has two rainy seasons with peaks about May-June and September-October. 

3-2 
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3.6 Air Quality 

The air quality concern will be sulfur dioxide emissions, especially with the refining of 
crude oil. The Tower sultiir content of crude, emission rates of sulfiir dioxide will be less 
in accordance with major air modeling projects. Also, the petrochemical-refinery unit will 
be using sulfuric acid as a strong acid. 

Sulfur dioxide is a colorless gas or liquid with sharp, pungent odor, soluble in 
water,alcohol, and ether; forms sulflirous acid (H(2)SO(3)), Toxic by inhalation,strong 
irritant to eyes and mucus membrane-
Nitrogen oxides are as follows, (1) Nitrous oxide (N (2))) , (2) Nitric Oxide (NO), (3) 
Nitrogen trioxide (N (2) O (3)), (4) Nitrogen peroxide ( N (2) O (4), (5) Nitrogen dioxide 
N0(2), (6) Dinitrogen pentoxide (N(2) 0(5), (7) Trinitrogen tetroxide N(3) 0(4) and (8) 
N0(3) which is unstable,Toxic by inhalation, especially N0(2). 

The Simplified Refinery Flow Diagram , shows the presence of syngas and need to convert 
fi-om the POX (partial oxidation) unit Syngas or synthesis gas , is any of several gaseous 
mixtures used for synthesizing a wide range of compounds,both organic and 
inorganic,especially ammonia (Fig. IC, 2C, and Fig.4C). 

Such mixtures results from reacting carbon rich substances with steam (steam reforming) 
or steam and oxygen (partial oxidation); they contain chiefly carbon monoxide and 
hydrogen, plus low percentages of carbon dioxide and usually less than 2 0% nitrogen 
Therefore, most of the Nitrogen oxides will be utilized in the syngas conversion phase of 
petrochemical unit. 

Sulfiir dioxide will be monitored during stack emissions Nitrogen oxides by the 
colorimetery procedure and stack emissions. Both sulfiir dioxide and nitrogen oxides 
will have controls to meet the emission standards of Ghana EPA, "Vi ,,^ Uu , ^ . - i' •, V 

3.7 Noise 

The present environment is an uitan setting and noise level are normally below the 20-
55dBa range. Construction activities at the site will create a greater noise level. The plant 
design for noise is using a criteria of not more than 55dBa. 

Table 9.4 , Noise-Zone Classification shows the noise zone, noise exposure class, day-
night average sound level, equivalent sound level, noise exposure forecast, zmd HUD noise 
standards. Anoe Village is approximately 300 m from the proposed construction site. 

4/ 
3-3 



Environmental Impjict Assessment Report 

T A B L E g . 4 

N O I S E - Z O N E C L A S S I F I C A T I O N 

Noise descripior 

Noise DNL" L^ (hour)-^ NÉF* 
Noise exposure day-night average equivalent noise exposure HUD noise 
zona Class sound level sound level forecast standards 

A Minimal Not Exceeding Not Exceeding Not Exceeding 

Exposure 55 55 20 
"Accepiable" 

B Moderate Above 55° But Atmve 55 But Above 25 But 

"Accepiable" 

Exposure Not Exceeding Not Exceeding Not Exceeding 
65 65 30 

Above 65 Above 65 Above 30 But 
C-1 Not Exceedir\g Noi Exceeding Not Exceeding 

Significant 70 70 35 "Normally 

Exposure Unacceptable"* 
Above 70 But Above 70 But Above 35 But 

C-2 Not Exceeding Not Exceeding Not Exceeding 
75 75 40 

Above 75 But Above 40 But 

D-1 Not Exceeding Not Exceeding Nol Exceeding 
80 80 45 

D-2 

Severe 
Exposure 

Above 80 Bui 
Nol Exceeding 

85 

Above 80 But 
Not Exceeding 

85 

Above 45 Bui 
Not Exceeding 

50 

" Unacceptable" 

D-3 Above 85 Above 85 Above 50 

*CNEL—Cofnmunily Noise Equivalent Levsl (California only) uses Ihe same values 
°HUD, DOT and EPA recogniie L^, - 55 QB as a goal lor outdoors m resideniial areas in protecting Ihn putjUc health and welfare wilt) 
an adequate margin ol salely. 
However, it is not a ra^u/afory goal. It is a level defined by a negotiated sdeniillc consensus witlioul concern tor economic and tech
nological feasibility or the needs and desires ol any particular communiiy. 

The Fedefal Highway Administration (FHWA) noise policy uses lliis descriptor as an allernative to L „ (noise level exceeded ten percent 
of the lime) in connection wilh its policy (or highway rwise mitigation The L „ (design hour) is equivalent to DNL lor planning purposes 
under Itie lollowlng conditions: (1) heavy trucks equal ten percent ol total traffic (low in vehicles per 24 hours; (2) ttattic between 10 p.m. 
and 7 a m doos nol e«ceed lifteen percent o( Ihe average daily Irafdc llow in vehicles per 24 hours. Under ihese conditions DNL equals 
(,,0 - 3 decibels. 

Tor use in airport environs only; is now being superceded by DNL, 
The HUD Noise Regulation allows a certain amount ol llexibilily (or non-acousic twnelits in lone C-1. Attenuation requirements can be 

waived tor projects meeting special requirements 
Sounî B Federal Interagency Commitloe on Urban NOISB( 1980, p}5. 

Fig.4.11 Table 9.4, Noise-Zone Classification 
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T A B L E 9 18 ' t • ' . v . . . . ^ - . . . 

TRANSMISSrON LOSS VALUES FOR COMMON BARRIER MATERIALS 

Material 
Thickness, 
(Inches) 

Transmission 
loss, dBA' 

Woods 
Rr 

P M 

Redwood 

Cedar 

Plywood 

Particle Board 

Metals 
Atuminum 

Steel 

Lead 

Concrete, Masonry, etc. 
Light Concrete 

V2 17 
1 20 
2 24 

1/2 16 
! 19 
2 23 

1/2 16 
1 19 
2 23 

1/2 15 
1 16 
2 22 

1/2 20 
1 23 

1/2 20 

1/16 23 
1/8 as 
1/4 27 

24 ga 18 
20 ga 22 
16 ga 15 

1/16 26 

4 SB 
6 39 

Fig, 4,9 Table 9.18. Transmission Loss Value For Common 
Barrier Materials 
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T A B L E 9 . 1 8 

TRANSMISSION LOSS VALUES FOR COMMON BARRIER MATERIALS 
(conlinued) 

Material 
Thickness. 
(Inches) 

Transmission 
loss. dSA' 

Dense Cone rel e 4 40 

Concrete BlocK 4 
6 

32 
38 

Cinder Block (Hollow Core) 6 28 

Brick 4 33 

Granite 4 40 

Composites 
Aluminum Faced Plywood 3/4 21-23 

Aluminum Faced Particle Board 3/4 21-23 

Plastic Lamina on Plywood 3/4 21-23 

Plastic Lamina on Parlicle Board 3/4 21-23 

Miscellaneous 
Glass (Salely Glass) 1/6 

1/4 
22 
26 

Plexiglass (Shallerptool) — 22-25 

Mason! te 1/2 20 

Fiberglass/Resin 1/8 20 

Stucco on Metal Lath 1 32 

Polyester wilh Aggregate Surface 3 20-30 

*A welgtited TL based on generalized IrucK spectrum. 
Source: U.S. Deoarlmeni ol Housing and U'Ban Development 1985, p. 27. 

Fig.4.10 Table 9.18, Transmission Loss Value For Common 
Barrier Materials (Continued) 
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Drain a gepot t e rn befo re the formation of Lake Volto 

Fig. 5. Drainage Pattern Before Üic Formalion of Lake Volta 



Table 9.5, Suggested Land-Use Compatibility Guidelines, SLUCM 28 and 29 shows the 
acceptance level of noise for both chemical-manufacturing and refineries respectively. 
Table 9.6, OSHA Noise Exposure Limits For the Work Environment shows the noise 
levels and permissible exposure ( hours and minutes) levels. 

3.8 Ground and Surface Water 

Both visual examination and photographs have not indicated the presence of surface 
water. There were no areas of discoloration or moisture indicating ground water present. 
Maps of the Sekondi, Ghana area does not indicate any known tributaries on the proposed 
site. Anoe Village has one main water line fi"om the municipal system for drinking and 
cooking. 

Rainfall can infiltrate the subsurface, be intercepted by foilage (initial abstraction), or 
result in runoff. The rainfall may subsequently "evaportranspirate" (evaporate naturally or 
through vegetative growth), enter the groundwater, and/or result in surface-water flow. 

The runoff flows down gradient (usually fi"om a higher to a lower elevation) into creeks, 
streams, lakes,and rivers,and eventually into the oceans (unless it evaporates, infiltrates 
the subsurface,or it is withdrawn along the way). The investigation on the land did not 
indicate the presence of either creeks, streams, or lakes by the University of Ghana on the 
proposed site for Ankobra Resources Ltd, project (Appendices II). 

3.9 Coastal Environment 

Ghana's coastline is generally unindented, with no natural harbors, A heavy surf has 
created beaches that, especially in the east, form a barrier to the outflow of the rivers, 
resulting in brackish lagoons that communicate with the sea only at high tide. Coastal 
waters are those waters less than 5.5 m in depth and which have a salinity > 1500 
mg/L, 

The discharge and intake pipelines wilt go under the public road into the seabed. Gulf of 
Guinea, These pipelines will include waste water and dual pipelines for petroleum ("^ 
products/crude oil. Intake pipelines for fresh water for the Ankobra Resources Ltd. H 
project fi-om the Gulf of Guinea (Fig. 31,Marine Pipeline Location). ii ^ 

The seabed slopes gently to the edge of the continental shelf about 70 to 75 km from the 
southern boundaries of the Ankobra Resources Ltd, project. There is a sloping depth of 
1 Om to approximately 45 to 48 feet in accordance with the Harbor engineer, Takoradi 
Port Authority. 
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The bottom substratum, inshore of the 10m contour, consists of fine sandy and clay rock 
with outcrops changing to mud and sand in deeper water. Currents are generally west to 
east, varying from 025 m/s to 1 m/s. There is likely a counter clockwise gyre to the east 
of the site in Shama Bay,afrected by the discharge from the Pra River. The tidal range Is 
between 1 -2m and strong tidal currents are absent. 

However,the shore is prone to constant swells generated in the open water of the Gulf of 
Guinea and beyond Along the coast of Ghana, sea surface temperatures and salinities are 
characterized by seasonal major and minor upwelling periods. During the major upwelling, 
sea temperatures fall below 25 deg, C and salinity increases. 

Peak of primary (phytoplankton) and secondary (zooplankton) production correspond to 
the major upwelling period. During the period most fish also spawn. The major pelagic 
stock oflfshore include Sardinella species (flat and round sardines) anchovy and tuna. A 
shrimp breeding/ nursery area has been identified directly offshore south of the proposed 
site (Fig. 32, Aquatic Spawning Area). 

3.10 Lagoons and Estuaries 

An estuary has been defined as the wide mouth of a river where the tide meets the current; 
a firth, A shallow body of water usually connected with the sea, a lake or a river has been 
defined as a lagoon. There are no estuaries or lagoons in the area of the intake pipelines 
for both fresh water nor petroleum products/ crude oil- Also, no estuaries or lagoons in 
the area of the discheirge of wastewater or petroleum products, 

3.10 Biological Environment 

Ankobra Resources Ltd, project is a land base crude oil refining operation The land based 
biological environment is of great concern as related to the Biogeochemical cycles 
(nutrient cycles). These series of biochemical pathways by which the earth's inorganic 
elements (1) are made available for use by living organisms, (2) find their way into the 
food chain, and (3) are later broken down to begin the cycle again. 

Primary producers- are organisms,mostly green plants, that draw on the sun's energy 
to make the fiiel for others to use. 

Consumers- are those beings who eat the food produced by plants, starting with plant-
eating (herbivorous) organisms and extending into a chain of larger, animal-eating 
(carnivorous) organisms. 

Decomposers-are microorganisms that break down the remains of dead plants and animals 
for eventual recycling within the biosphere. 
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In Appendices 11, the University of Ghana, Botany Department completed a Botany-
Zoology Survey as a baseline condition for the land based operation Table 1 -Plant 
Species of Proposed Export Processing Zone-Sekondi shows the different types of 
trees, herbs, climbers, shrubs and grasses as possible "primary producers^CAppendices II). 

Organisms such as snail, millipedes, grasshopper, ants, bees,dragonf1ies, frogs and toads, 
tortoises/turtles are considered as herbivorous. Pythons, Royal Pythons, Cobras, Mambus 
and Vipers,and Adders are considered carnivorous. Both the herbivorous and carnivorous 
organisms are considered as consumers. 

Microorganism are ubiquitous and are found in the soil, plants and animals on the 
proposed site of Ankobra Resources Ltd. 

3.12 Terrestrial Vegetation 

In accordance with Appendices II, the terrestrial vegetation included herfcs, trees, 
climbers, shrubs, and grasses The medicinal uses were given as roots as sedative, 
seeds as anthelmintic, stypic, anti-rheumatic, anti-diabetic, lactogenic; diuretic and 
haemostatic after childbirth. 

3.13 Wildlife 

Both invertebrates and vertebrates were found on the proposed site for the petrochemical-
refinery operation. Some of the invertebrates included snail, millipeds, butterflies, 
grasshoppers, ants, bees, and dragonflies. The vertebrates include frogs and toads, 
tortoises/turtles, lizards, skinks, lizards, monitor, chameleons, snakes( cobras, adders, and 
pythons) and birds( see Appendices II). 

3.14 Regional Setting 

The Sekondi Export Processing Zone on a regional basis is a part of the Sekondi-
Takoradi,Ghana area. Mainly, both Sekondi and Takoradi are influenced by the Gulf of 
Guinea in terms of its economy and natural habitat. The regional economy is primarily 
based on the activity of the port and the auxiliary industries needed to support an 
international port.  

The fishing of aquatic organisms such as fish and shrimp are economical favors in the 
Sekondi-Takoradi area. Land based farming has been a significant factor in the regional 
economy in providing basic subsistence to the family unit. 
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3.15 Site Investigations 

Since the petrochemical-refinery unit is land b a ^ , site investigations have been limited to 
the baseline survey of both flora and fauna. In the site investigations by the University of 
Ghana, it was noted that no creeks, wetlands, water, lakes, oceans and dams were present 
on the proposed site (Appendices II). 

By the same site investigation it was noted that no inhabitants or dwellings were noted on 
the site. Natural growth of trees, shrubs, climbers, and grasses were present. 

3.16 Littoral and Subtidal Benthic Community 

Both the littoral and subtidal benthos communities are prioritized by their economic value 
to the community. Mainly, shrimp and sardinella species have been followed due to the 
concern of warm water discharge in possible spawning areas. Ankobra Resources Ltd, 
wastewater treatment plant will recycle fi^om 70% to 90% of water and returned to the 
processing area as cooling waters. The residual 10% to 30% of wastewater can be 

/ 7 incinerated on site by onsite incinerators. " "" 

1̂ ^ 
All wastewater discharged in the Gulf of Guinea will be returned from the wastewater 
treatment plant, sampled, and allowed to further cool in the tank farm. Any discharged 
water into the Gulf of Guinea will be on the basis of an unusual rain for the storage 
capacity 
and stormwater (ambient temperature) not needed for make up water in the system. 
All stormwater sampled and analyzed before discharged into the Gulf of Guinea. 

The following table summarizes the Florida criteria for coastal and open water conditions. 

Coastal Waters 
' (<£ c(^ 

Opei Waters 

Summer Remainder 
of Year 

All yexr 

Madmum allowable cËscharge 
temperature 

33degC 32.2 deg. C 36.1 deg. C 

Allowable increase above 
ambient temperature 

l.ldeg-C 2.2 deg. C 9,4 deg. C 

Our objective is zero discharge into the Gulf of Guinea from any water source originating 
on the site. The wastewater pipeline is a secondary system used in overcapacity of water. 
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Trace Metals 

Sea water (ng/L) 
Sediment (mg/kg) 

Algae (mg/kg) 

Shrimp ( mg/kg) 
(Penaous sp.) 

Fish (mg/kg) 

Mercury 
<20 
0.002 

0.02-20 

<0.02 

<0 02 

Lead Cadmium Zinc 

6.35 

1-2 < 0 . ] 

0.9-2 <0.1 

1-80 

2-5 

5.6-6.3 

Copper 

2-20 

1-2 

2-6 

< 0.2-0.65 < 0.1-0.3 0.5-16 <0.2-5,6 

WHO Concentrations for 
fish flesh Limit (mg/kg) 

0.5 

3.17 Sociocultural Environment 

The sociocultural environment in the Anoe Village displays the traditional lifestyle to 
include the extended family unit. Both the older and younger groups of the village are 
together while the middle aged adults are working in the fields or at the market. 
Traditionally, the village chief tends to govern the people of the village. 

Anoe Village does not display any significant historical or archaeological resources. 
Many of the dwellings are made of cinder block and not of traditional building materials. 

The majority of the individuals in Anoe Village are children. Most of the elder women are 
cooking while the small children are doing chores under the supervision of their elders. 
The young men of the village are in the area looking for work to maintain the family unit. 

3.18 Population and Demographics 

The Anoe Village number approximately three hundred eighty-seven people located 300m 
south of the proposed site. Approximately 80% of the population are children. Major 
disease is malaria, which account for 10% of the regional population's top ten diseases. 
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Top Ten Diseases in Shama East Metropolitan District (1992) 

Disease Cases Percentage-Population 

Malaria 35,616 10.0 

Upper Respiratory 7,652 2.3 
Infection 

Accident & Fractures 4,730 1.4 

Disease of the Skin 4,031 12 

Disease ofthe Oral Cavity 3,262 1.0 

Diarrhoea! Disease 3,207 0.9 

Ear Infection 2,986 0.9 

Hypertension Heart Disease 2,048 0.6 

Intestinal Worms 1,298 0.4 

Tm^i 71,580 21 

Total District Population 340,000 

3.19 Ethnic Religions and Cultural Background 

Using language as the criterion, as many as 50 separate ethnic groupings might be 
distinguished,but some of these are very small The major distinction today is between the 
poorer and less developed peoples ofthe northern Ghana,speaking languages ofthe Gur 
subfamily ofthe Niger-Congo language family, and the people ofthe richer and more 
advanced south, who speaks languages ofthe Kwa subfamily. 

To the south, the dominant culture is that ofthe Akan,who speaks a number of closely 
related dialects,of which the most important is Twi (language of Ashanti) and Fanti 
(Fante). The major religions in Ghana are ( I) Animism, (2) Christanity, and (3) Islam. 
Christanity has shown a greater number in the Shama East Metropolitan District. 
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3.20 Historical Resources 

Anoe Village did not display any historical resources for the immediate area. This area 
mainly exhibited a typical village that was land based. The Anoe Village did not cater to 
the tourist traffic nor carried on commerce of any historic resources in the area. 

The urban area showed remnants of agriculture activities that are now idled. The railway 
presence simply laid grounds for future industrialization in the area. 

3.21 Aesthetics and Tourism 

Most petrochemical-refinery complexes are not known for their aesthetic qualities. All 
surrounding land mass area, specifically the 100 to 120 acres primarily will be landscaped. 

Planting of trees and grasses are part of the aesthetic measures needed for a pleasing 
acceptance of the petrochemical-refinery complex All buildings will remain at the two 
story level, building materials to blend in with other modem buildings of the Sekondi-
Takoradi area. The m^n petrochemical-refinery complex, processing area will have a 
standard wall to reduce the sight of the piping and processing units from the genera! 
public. 

Ankobra Resources Ltd. petrochemical-refinery complex will not be a tourist attraction in 
the Sekondi-Takorai area. The complex will have approximately 350 to 400 workers on 
site performing task that will require their fijü attention to a specific job. 

3.22 Infi-astructure 

The proposed site for the Ankobra Resources Ltd. project does not have the infrastructure 
to support a petrochemical-refinery complex. There is a major power line, part of the 
national grid transversing the proposed site. 

Approximately 500 acres have been designated without (1) natural gas pipeline system, (2) 
water pipeline system, (3) electrical power generating capacity, and (4) waste water 
treatment or sewage system. Anoe Village, located 300m south of the proposed site does 
not have (1) electricity, (2) gas pipeline, and (3) sewage system available for its 387 
inhabitants. 

3.23 Education 

Presently, Anoe Village has 387 inhabitants,approximately 80% of the population are 
children of school age. Anoe Village has one school at the elementary level for school age 
population. 
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Volto Lake and Transmission Lines 

Fig. 16. Volta Lake and Transmission Lines 



Ankobra Resources Ltd. will build these schools,e]ementary, middle school, and high 
school for both expatriate and indigenous school age children.Presently, Anoe Village has 
an elementary schoot for the local school age children. 

3.24 Land Tenue and Land Ownership 

Approximately 500 acres have been designated to Ankobra Resources Ltd. by the Ghana 
Free Zones Board for a 140,000 bbis, per day petrochemical-refinery complex to be 
located in the Sekondi Export Processing Zone. The previous stool land has set aside as a 
government "Free Zone" and administered by the Ghana Free Zone Board. <T—< y* *L' LAL' 

An annual leasing fee is payable to the Ghana Free Zones Board in accordance with 
L.I. 1618, Ankobra Resources Ltd. is obligated to pay a one time compensation for crops 
to the farmers. The one time compensation fee for crop renumeration has been estimated 
by the Land Evaluation Board, a fraction over $ 1,000,OOOUSD. 

3.25 Land Use 

The previous land use for the designated 500 acres of land was basically agriculture. 
Mainly, citrus type fruits and some sugar cane has been noted by the University of Ghana 
site investigation. 

The five hundred (500) acres of land have been set aside as a Free Zone by the Republic of 
Ghana for industrial usage. Initial investigation has indicated that the proposed site has the 
basic criteria for the construction /operating phase of the petrochemical-refinery complex. 
List of basic criteria for Ankobra Resources Ltd. to build a petrochemicl-refinery complex. 

1. Land mass,consist of various clays,generally level,and without human dwellings or 
other buildings on site. Surface clay will not be a problem,foundation will be at the 
40 to 50 feet level. The area geologically, has volcanic rock as base rock. 

2. The Gulf of Guinea, less than twenty (20) miles by pipeline measurements to the 
proposed site. Pipeline will take the path of public roads, at 3 m in depth, and not 
on private property leading to to the Gulf of Guinea. 

3. Acreage that has not been contaminated by previous industrial usage. 

4. No previous infi^structure,electricity, natural gas, water, and sewage system. 

5. Surrounding areas in the Western Region, ample labor pool for employment. 
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T A B L E 9 . 1 5 

LAND-USE CLASSrFICATION 

Land-use 
classification 

Noise 
sensitivity 

Max L„„ 
level, dBA Land use 

High 

ModeralG 

65 

75 

Residences, hospitals, sctioois, patl<s. retail sloies. professional 
offices, scienlilic research facilities 

Most industrial facilities, parking lots, wholesale trade building-
marofials retail, and construction services, golf courses, water-
based activities, livestock 

3 Low 85+ Agriculture, utilities, rait transit highways 

Soufcs.' Compiled using data from U.S. Daparlmenl ol the Army. 1990. 

NOISE-CONTOUn AREA VS. LAND-USE DETAIL 

Degree ol detail Area of contours Si/e of grid Source 

High 9.3 km^ 60 m x 60 m 
Moderate 12.6 km' 250 m x 250 m 
Least >12.e km' 500 m x 500 m 

Industnal. roads 
Pistol range, highway construction 
Aircraft, blast 

SourcB.'Goll and Novak. 1977. p. 33. 

Fig. 4.13 Table 9.15, Und-Usc Classification 
Table 9.16, Noise-Contour-Arca vs Land-Use Detail 



3.26 Fisheries 

The designated area of Five hundred acres, Sekondi Export Processing Zone, did not 
exhibit commercial fishing by the inhabitants of Anoe Village. There were no estuaries nor 
lagoons on the beach south of the Sekondi Export Processing Zone. Ankobra Resources 
Ltd, is a land based petrochemical-refinery complex, Anoe Village is not a fishing village 
to our present knowledge. 

3.27 Industry 

Ankobra Resources Ltd. proposed site does not include any industries within the Sekondi 
Export Processing Zone. All acreage is open, exhibiting tropical grasses,trees,shrubs,and 
climbers. There are no cinder block manufacturing or other commercial activities on the 
proposed site, Anoe Village does not indicate any industries,which is 300m south of the 
proposed site in the Sekondi Export Processing Zone. 

3.28 Agriculture 

Agricultural activities on the proposed site have been noted in previous years by local 
people and mainly people of Anoe Village. Basically, citrus fruits and some sugar cane 
plants were noted by the University of Ghana site investigations. 

The adult males of Anoe Village are farmers according to the conversation held during site 
\isits at the village. Currently, the farmers are not woridng the land and the land is idle 
from any agricultural activities. 

3.29 Sandcrete Block Manufacturing 

As previously stated, the entire five hundred (500) acres are idle from any activity,either 
industrial, services or manufacturing. The manufacturing of sandcrete blocks were not 
noted either on the proposed site nor Anoe Village, 

3.30 Public Health 

Public Health concerns are the major diseases within the Shama Ahanta East Metropolitan 
District, Malaria has the largest number of cases in the region of a population of 340,000 
people. It has a debilitating effect on any victim and in an industrial society very costly for 
any employer. 

The second most ailment is upper respiratory infections in the Shama Ahanta East 
Metropolitan District. Heavy foilage surrounds the Anoe Village, pollen,spores from fiingi 
may be the causative agent for many respiratory infections. 

3-12 

file:///isits


The third ailment is accident and fractures are equally important to the employers of 
Shama Ahanta East Metropolitan District. Training programs are mandatory at the 
Ankobra Resources Ltd. petrochemical-refinery complex to prevent accidents and 
fractures. 

Efforts will be made to determine the breeding areas,especially in the 100 to 120 acres for 
the malaria causative agents. Eradication of the malaria causative agents will be a priority 
in relations to Public Health affairs Demarcation of the surface will eliminate the presence 
of fiangi spores within the 100 to 120 acrea area for processing equipment and buildings. 

3.31 Coastal Pollution x>^^^^-^^ 
In 1990, an Environmental Action Plan (EPC, 1990a) was drafted in Ghana,which included 

^coastal zone management plan. The fraaie marine and coastal ecosystem are identified 
as sensitive areas that are subject to coastal erosion and the effects of marine-based 
pollution, as well as the effects of land-based activities. 

The coastal zone also contains important resources for tourism and mineral development. 
Ghana has some proposed limits for fresh water quality,but no established water quality 
criteria for marine situations. The Environmental Protection Council (1993), they have 
proposed that discharges of warm water into the sea not exceeding 33 deg. C, with a 
temperature rise of not more than 5 deg. C at the beach or landfall. Discharges must be 1 \ 
controlled to not cause adverse eflFects to the coastal waters. ' 

Oil spills are the major concern for coastal pollution as a petrochemical-refinery complex. 
Also, of equal concem is the discharge of waste water from the petrochemical-refinery --̂  
complex into the coastal w a t e r s ^ ^ ^ ^ ^ ^ ^ ^ ^^(_ ^ ^ c^^W'^^.-j^ f A - • n 

Personnel will be trained to handle oil spills occurring in the Gulf of Guinea, Training will «̂  
include personnel receiving on site training from sources,such as Corpus Christi University \y^ 
or an European source of recognition in the field of marine oil spills. r h ^ l ' 

Ankobra Resources Ltd. will own a marine vessel, equipped with tools, supplies, and ^ ^ 
equipment to remove oil spills on an emergency basis. Also, the marine vessel will be in 
the area of the single-point mooring system (SPM) during the loading and exporting of 
petroleum products from the petrochemical complex. Storage of the waste water before 
being discharged into the Gulf of Guinea greatly reduces the temperature. 

3.32 Waste of Human Origin 

The waste of human origin will include motor oils, greases, plastics, metal cans,and other 
biodegradeable materials. Chemical degradation maybe enhanced especially motor oils, 
which the pH will change and production of acids,$imilar to combustion engines. 
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Biodegradeable materials or chemicals,!, e. soaps,bleaches, fabric softners,and detergents 
are possibly water soluble. The spawning areas of the Gulf of Guinea are sensitive to these 
types of chemicals and mainly will bejMicjtLbollr fish and shrinyj. . ^ • , , , 

3.33 Waste of Industrial Origin 

Sekondi Export Processing Zone does not have any industries presently in the 12,000 acre 
enclave. Waste of industrial origin from the proposed petrochemical-refinery complex will 
be discharged as waste water. Table 7.3.3. Raw Wastewater loadings in Net Kilogram/ 
1000 M(3) of Feedstock Throughout by Subcategory in Petroleum Refining, indicate the 
Topping Subcategory, Cracking Subcategory, and Petrochemical Subcategory as related 
to the Ankobra Resources Ltd. project. 

Characteristics such as (1) fiow, (2) BOD, (3) COD, (4) TOC, (5) TSS, (6) Sulfides, 
(7) Oil and grease, (8) phenols, (9) ammonia,and (10) chromium are noted before waste 
water is discharged into the Gulf of Guinea. Each subcategory shows a range and median 
as raw waste water loading before going to the waste water treatment facility. 

3.34 Oil 

"Coastal Zone Indicative Management Plan" (Agyepong et al, 1990), that was prepared 
for the Action Plan identifies the major issues in the coastal areas of Ghana, It identifies 
the unique ecological areas requiring protection and suggest areas that have the potential 
to support fiiture urban, industrial,and/or tourism development. The Action Plan was 
fijnded by the Worid Bank,and has been approved by the Ghana Environmental Protection 
Agency. 

Oil spills at the point of the single-point mooring system (SPM) are of great importance 
and concern to both the Ghana Environmental Protection Agency and Ankobra Resources 
Ltd, The SPM is to be fitted with double-walled hose, that contains an alarm system ., 
between the two walls, to minimize the chances of total hose failure. ' 1 

Financial assistance as needed and participation as requested by the Ghana National Oil 
Spill Contingency Plan Organization. Ankobra Resources Ltd will own an oil response 
vessel which will be fitted with oil recovery and clean up equipment. Attendance at the 
single-point mooring system (SPM) during offloading /disconnect fiange procedure is 
mandatory. 

3.35 Farm Land Loss 

Presently, the proposed site for the petrochemical-refinery complex does not have any 
residences, no squatters on the proposed plant site. Ankobra Resources Ltd. will 
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voluntarily assist residence of Anoe Village in Joint Venture Partnership in raising poultry 
as (1) egg layers and (2) boilers An estimated figure of $1,000,000 USD and fraction of 
will be paid to the Land Evaluation Board for compensation as crop renumeration to the 
fanners. 

4. Significant Environmental Impacts and Proposed Mitigation 

4.1 Present Environment 

Factor Direct Indirect None 

soil X 

water X 

waste water X 

air X 

noise X* 

groundwater 

* only during construction and above ambient noise conditions 

Negative and Positive Effects 

Impacts Environmental Social Economic Cultural 

Air (monitored) 
Water (desaiinaljon) 
Sewage 
Groundwater 
(Management) 
Landscape/Erosion 
Indigenous Emplovmcnl 
Basic Utilities 
Power Generation 
Refined Products 
Re-imbursemcnt/Crops 
Training Indigenous 
Auxiliary Industries 
Civic Center 
Housing/lndgcnous 
Medical/Dental Center 
Dual pipeline 
Docking Facility 
Railway Facilit>' 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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Direct and Indirect Impacts of the Undertaking 

Factois Direcl Indirect Cumulative Short / Long Permanent Temporary 

Air X X 

Water X X 

Land X X 

Flora X X 

Fauna X X 

Communities X X 

Noise X X 

Vibrations X X 

CMouT X X X 

Health X X 

Traffic X X 

Social X X 

4.2 Pre Construction Environment 

Both positive and negative impacts will be present during all phases of the project. The 
following impacts have been considered for the Pre Construction phase, soil sampling, 
water sampling, air sampling, groundwater identification,and population (village). 

Pre Construction 
Inqnct Air Water Soil Groundwater 

Soil sampling X 
Water sam^̂ ing x 
Air sampling x 
Groundwater X 
(Management)* 
P(q)olaüon( Village) N/A N/A N/A N/A 

• only if groundwater is present,after Landsat studies 

There should be no significant impacts during the pre-construction phase of the project. 
Mainly, environmental studies will be done for a duration of twelve (12) months before the 
actual construction phase. 

The use of Landsat pictures on the surface, and 3-D digital data for the sub-surface of the 
morphology and showing the presence of underground water. Groundwater present can be 
detected in the pre-constniction phase of this project. 
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4.3 Construction Environment 

Constniction 

impaa Air 

Removal of Debris x 
Layout of Foundation x 
Pouring of Concrete x 
Digging of Pipeline x 
Building of OCüccs x 
Warehouscs^Terminals 
1-aboralones.adniin bidg., 
ATankfaim 
Placing Processing 
EquipmenC x* 
Distillation Tower 
Catalytic Reforming 
Alkylation 
Viflneaking 
Fluid Catalytic Cracking 
Hydrodcsutfuh/ation 
Unibon 
Partial Oxidation 
(Methanol) 
PDpulation(village) x** 

Water Soil 

X 

X 

X 

X 

X 

Groundwater 

•* 
only when open air welding of pipes.all units are pre-fabricated outside of Ghana 
the nearest viUlage is three hundred (300) meters south of the proposed site 

During the construction phase of the project, the major concern will be the dust and noise 
being generated as related to the nearby village. The prevailing wind will be a major factor 
with both the dust and noise. 

Monitoring of both the air and dust during the construction period on a daily basis is a part 
of the environmental study. Also, noise wilt be monitored in the immediate construction 
area to include Anoe Village, approximately 300 meters. Air samples will be taken during 
the construction phase of the petrochemical- refinery complex project. 

Heavy construction equipment will move soil as planned by the contractors All soil 
moving will be related to the laying of the Portland Cement foundation and actual 
placement of modular processing equipment. 

Previous site investigations by the University of Ghana did not indicate a presence of 
surface water. The terrestrial environment will be disturbed by the demarcation process of 
the land. 
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During the construction phase, the marine habitat will be disturbed only at the time of 
placing pilesintheGulf of Guinea for the single-point mooring system{SPM). Proper 
construction techniques will be used to minimize the disturt)ance of aquatic life in the Gulf 
of Guinea. 

The sociocultural environmem,mainIy disturi)ed by noise generated by heavy construction 
equipment. Dust clouds should not be able to reach the 300m distance to Anoe Village, 
unless the prevailing winds are very active at that time. 

4.4 Predicted EfTects and Proposed Mitigation During Construction 

Proposed Mitigation 

Environmental Faaor 
Attnos[riieric Environment 

Prediaed Effects 
increased air pollution 
due to dust and some 
debris 

Mitigation 
take air samplesjightly moisten 
soil to reduce dust from entering 
the atmos[4icre and reduce the 
speed of the constniction 
equipnient,if it is a factor 

Groundwater / Surface Water no indication of groundwater 
or sur^cc water at this time 

Terrestrial Environmcni 

Marine Habitat 

removal of trees,shrubs,climbcrs. 
and grasses in the immediate 
processing area 

distiutance of small areas of 
the Benthos while driving piles 
for the sin^e-point mooring 
system(Sf^ 

areas of removal of foilage 
designated for processing and 
building.niass destniction of 
foilage is not permitted 

use proper engineering and 
constniction techniques to 
minimize disturtance of the 
Benthos 

Sociocutturc Environment elevation of noise level due to pmx:hase all heavy equii^nent 
heavy construction equipment at the 20dBa • 55dBa range 

Possible dust clouds at the 300 Take air samples in the 
m south range immediate processing area 

and Anoe Village on a 
scheduled basis.Moislen 
the roads lightly to retbice 
dust clouds and reduce speed 
of hea\j construction equip. 
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TABLE 9 .9 
CONSTRUCTION-EQUIPMENT NOISE RANGES 
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Constniction Debris 

Storage of Fuel 

Pipeline 

cardboard boxes.and some 
uoodcn strappings arc 
generaled at the consiniction 
phase. 

^Ils at the pump station 
loading unleaded gasoline 
or diesel onto soil 

excessive noise and possible 
dust to neaiby area 

bum all construction debris in 
onsite incineration unit 

all pumping stations nill be 
bcnncd and contaminated 
soil remediated and burned 
on site 
use heavy equipment to not 
exceed 85dBA /wctdown soil. 

4.5 Operational Phase 

The operational phase of the petrochemlcal-refinet^ project will be inonitored on a daily 
basis. Impacts to the air and water will be limited especially non recyclable water will be 
incinerated. The population or village will be impacted due to the prevailing winds that 
will cany gases for air emissions. 

Operations 

In^iact Air % 
Units 
1. £}isti1]ation X X 

2. Catal>lic Refonning X X 

3- Alhlation Unit X X 

4. Visbreaking X X 

5. Fluid Catalytic Cracking X X 

6. Hvdrodesulfurization X X 

7. Unibon X X 

8, Partial Oxidalion/Methanoi X X 

9. Population (village) X X 

Water Sou Groundwater 

The above processing units (crude oil) impact the air quality,oniy when off-gases are 
present as air emissions. Opsis monitoring equipment will be used to monitor both NOx 
and SOx, CO, and particulate emissions by the processing units(crude oil). 

All processing units(crude oil) will not generate waste water. The waste water treatment 
plant will recycle 70% to 90% of the waste water. Our tank farm will have storage 
capacity between 400,000 gallons to 500,000 gallons of recycled waste water. 

All stonnwater will be sampled, analyzed, recycled for make up water on an as needed 
basis. A 500,000 gallon storage tank will be available for stormwater collected on the 
proposed site. 
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The plant will use a 25,000 gallon per day portable water treating system for drinking 
water. Personnel using on site showers will be considered a part of the sanitary water 
demand at that time. 

4.6 Predicted EfTects and Proposed Mitigation During Operations 

Proposed Mitigation 

EmirDnmental Factor 

Sociocultural Environment 

Operational Debris 

Storage of Fuel 

Predicated Eflfecis 

increased NOx and SOx 
gases may affect the foilage, 
i.c lrecs.shrubs.clinibcrs.and 
grasses in Anoc Village. 
Population health as related to 
increased NOx and SOx gases 

cardboard boxes and some 
wooden strappings are 
generated during the operatioDa] 
phase 

spills at pump station during the 
loading of unteaded gasoline and 
diesel onto soil 

Nditigation 

Anoe Village will have 
Opsis monitoring equipment 
at its boundap.' for NOx and 
SOx gas emissions. Rc-calibrate 
equipment or modify process 
to reduce gas emissions. 

bum all operational debris in 
ensile incineration unit 

all pumping stations will be 
bermed and contaminated 
soil remediated and burned 
on site 

Oil Spills-Plant 

OU Spills-Marine(SF?^) 

kadingof crude oil into the 
atmospheric tow«r due to 
flange problems or operator 

loading of cTxidc oil to plant 
side flange and discormect 
of flange from plant side 

use small vacuum trud^s to 
pick up the crude oil and 
contaminated soil to txim. 
Also, clean Porüand cement 
area.contaminated water or 
surfactant burned 

use marine vessel with clean 
up capacity of crude on 
water or petroleum fHX>dua 

Seismic Hazards 

Pipeline Location 

potential of seismic activity 
lo disturb benthos activity 
and the piles for the single-
point mooring system(SPM) 

contamination of the aquatic 
spawning areas 

seismic activity will be monitored 
on a regular basis lo determine 
the effects lo the Benthos 
cmnnunity and single-potnt 
mooring svstcm (SPM). 
SPM located 0.5 to 1.0 miles 
down current of the known 
current of spawning areas 
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4,7 Post Operation Phase 

Removal of processing equipment and pipelines will greatly reduce the emission of 
organics (i.e. VOC's) from the petrochemical refinery complex site.Removal of the 
site's incinerator unit(s) will be last to further destroy any gases or chemicals that have the 
ability to concentrate the site or may cause medical problems to the surrounding 
population. 

Summary Predicted and Proposed Mitigations 

Environmental Factors 
Demarcation of tt^xoil 
Clearing and grading 
Zones 

Predicted 
excessive noise 
roads within the Free 
Zone excessive dusl 
lossoflopsoil 
loss of trees 
interference with the 
natural drainage of the 
siie.incrcase erosion, 
loss of farm plots 

Proposed Mitigations 
Compensation of farmer's crops 
use machinery thai not exceed the 
8SdBA.Landscapearea toaccqX 
building of Portland cement type 
foundations and reduce erosion. 

Delivcrv of Materials traffic congestion at the 
Takoradi Port. 

private docking facilities to be built 
as soon as possible Use of off 
hours to avoid main morning or 
afternoon traffic. 

Construction Work Force local vs non-local Independent contractor uill provide 
personnel competing for safety and health courses to local 
constntction jobs. workers in the Sckondi-Takoradi area 

for general construction work. 

Batch Plant 
Concrete and Aq^ialt 

Land Disposal of 
Excavated Materials 

contamination to the 
soil within the Free 
Zone 

depreciation of the 
aesthetic beauty of 
Free Zone 

both concrete and asphalt sites are 
graded and crushed rock or gravel 
used. All loading trucks will load with 
catch basins (metal grates) with a 
concrete foundation and lemoval of 
contaminant is easy . 

landscaping of soil and rocks (o 
build areas on site and assist in 
reduction of erosion 

Construction Debris 

Liquid Waste 

potential fire hazard 
to the Free i^nc 

potential fire hazard 
to the Free Zone 

All construction debris placed in 
metal containers either for approved 
landfill site or on-site incineration 
All liquid waste is drummed and properly 
labeled for on-site incineraUon. 
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TABLE O.a 
TYPICAL RANGES OF ENERGY-EQUIVALENT NOISE LEVELS ( IN dSA) AT CONSTRUCTION SITES 

Oflice 

Industrial 
parking 
garage, 
religious 

building amusement Public works 
hotel, and roads and 

hospital recreations. highways, 
Domestic school, pu 3lic store, service sewers, and 
housing works station trenches 

Phase 1' 11" 1 II 1 II 1 tl 

Ground clearing 83 33 84 84 84 83 84 S4 
Excavalion 68 75 89 79 89 71 88 78 
Foundations 81 ei 78 78 77 77 68 88 
Erection 81 65 87 75 84 72 7» 78 
Finishing 88 72 89 75 89 74 B4 84 

* l , all portineni oquipment prsssni a< siia 
* l l . mlnlinum required equipment ptassni at siis. 
Soufc«: U-S, Envlronmenial Praieclion Agency, 1972. p. 2-104. 

Fig.4.7 TaWc 9.8, Tjpical Ranges of Energ>-Eqiiivalem Noise Levels (in dBA) 
At Consiniaion Sites 



Environmental Impact Assessment Report 

TABLE 9 .6 
OSHA NOISE EXPOSURE LIMITS FOR THE WORK ENVIRONMENT 
(Noise eKposures in dBA) 

Nolsa 
Permissible exposure 
(hours and minutes) 

as 
87 
90 
03 
86 
M 

102 
105 
ice 
111 
114 
115 
118 
121 
124 
127 
130 

16hrs 
12 hrs 6 min 
a hrs 
5 tifs 18 mln 
3 hrs X min 
2 hrs 1 a min 
1 hr 30 min 
t hr 

40 min 
26 min 
17 min 
15 min 
10 min 
6.6 min 
4 min 
3 min 
1 min 

Note: Etposiires above or below IM 90 dB iimir have been "Iimo weighied" to give whai OSHA 
believes are equivaleni risks lo a 90 dS alghl-hour exposure. 
Source: Mar»h. 1001. p. MS, 

Fig. 4.6 Tabic 9.6. OSHA Noise Exposure Limits for the Work En\iroiimenl 



Handling & Storage 
of Fuels & Hazardous 
Materials 

Waste EHsposal-Sohd Waste 

com. acquifer or 
groundwater 
potential fire tia/ard 
lo the Free Zone 
Groundwater or 
acquifer contamination 

potential acquifer 
groundwater 
contaminant or 
firc hazard 

Fuels are stored in metal tanks above 
ground in a bcnned area. The bermed 
area is designed to hold up lo 10% 
of the total capacity of the taidcage. 
Hazardous waste is either dnimmmed 
or separate tanks for bulk hazardous 
waste. InteTnationat labelling.benned 
is isolated within 100 to 200 feet of 
any combustible or flammable types of 
material or flares 
Bermed area designed to bold 10% 
capacity of waste liquid. Fire |Ht>cedures 
noted in case of an emergency. Only 
personnel trained in hazardous waste 
disposal will work the area. 

Use the same procedures for contaimneni 
and storage for hazardous waste. 

Atmospheric Environment 

Groundwater/Surface Water 

i ncrease of SOx,NOx, 
particulates to the 
Anoe Village pcof^e 

potentially a health 
hazard to the employees 
and Anoe Village 

Use of pollution control equipment,i.e. 
the Calvert Scrubber in the incineration 
unit. eleciropcrcii»tator in the refinery-
unit, and scrubber system in the power 
generating plant 
Remm'al of groundwater areas or divert 
to stormwater basins to treat in waste 
water treatment facility and the same 
with siuface water areas. 

Terrestrial Environmenl potentially a health 
hazard to the employees 
and Anoe Village on the 
causative agent of 
Malaria 

mapping of potential tveeding areas of 
the causative agent for Malaria. The 
eradication of causative agent of 
Malaria. Permanent field station for 
containment and eradication of the 
causative agent of malaria. 

SociocuKura! Environmenl 

Pipeline System 

change from the village industrial employment and educational 
life to an industrial 
community 

excessive dust 
cxcc5si%'e noise 
potential leaks 

facilities to assist the Anoe Village 
to make the transistion from a village 
existence to an industrial community. 
Wet down of soil for excessive dust. 
Use heavy equipment that rate about 
85dBA and use of off hours to avoid 
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Site E)rainagc 

Fresh Water Supfrfy 

Sewage Treatment 

and contamination of 
soil and seabed 

disturbing the community by not 
doing any night conslruclion activities 
Use of clcaronic equipment to monitor 
the entire fxpeline system for leaks. 

potentially a health The site is designed to contain all rain 
ha7ard to ihc employees water in storm«aler sc\\ers. Landscaped 
and Anoc Village. areas to avoid natural nin-offs or drainage 
Enhance the condition of from the sites. Planting of trees and shrubs 
erosion on-site. decreases ihe erosion process All areas in 

the processing zone, tank farm, pipeline 
connections,wastewater treatment facility, 
biosludge areas are bermed 

contamination of Ihe 
local acquifcr and 
dixen local water 
from crops in the 
area 

no water wells will be drilled on the 
proposed site of the petrochemical 
-refinery site A desalination unit is 
used for supply of all waters to the 
petrochemical-refinery complex. 

tnosolids are a health 
hazard to the employees 
and Anoc Village .when 

biosolids nill be treated in a closed 
system nith microorganisms and 
other mechanical devices to remove 

the basin method is used the biosolids at the proper process 
interval and treated 

Oil SpiU-Plant potentially a fire hazard 
Groundwater/acquifer 
contamination risk. 

All essential operating areas with crude or 
petroleum product are bermed for 

containment. Removal of oil ^ l l s in either 
drummed containers or small vacuiun 
trucks. Incineration of waste on-site. 

Oil Spill-Marine 

Seismic Hazards 

Marine H ^ t a t 

potentially damaging 
to the acqautic areas 
of ^jawning. 

potentially damaging to 
the constructed pipelines 
and spill of crude oil or 
petroleum products into 
the Gulf of Guinea 

potentially destroy the 
sensitive spawning area 
for both fish and shrimp 
in the Gulf of Guinea 

Use of marine vessel to remove the oil 
sheen on an immediate basis. The use 
of absorbents and pumping gear if 
needed Marine vessel in area of the 
SPM when unloading of petroleum 
products or crude oil. 
Design of the each pipeline system 
to avoid much of the seismic activi^ 
in the Gulf of Guinea and avoid the 
acoustical shock in the area. All pipeline 
structures are designed with some 
elasticity of movement within a given 
tolerance 
Knowledge of acquatic spawning area 
used in the construction of the SPM 
to be located downcurrent of the area. 
Both intake and discharge pipelines 
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Seawatcr Svstcm Intake potentially damaging to 
acquatic life. i.e. plankt
ons ,which supports 
such life (fish/shrimp) 

constructed to avoid direct contact 
with the known acquatic spawning area. 

the Seawater S>'Stem Intake is designed 
to exceed the known area of the acquatic 
grounds uithin the Gulf of Guinea. A 
micromesh filter is fitted to reduce the 
entrapment of any acquatic life,i.e. 
planktons. 

Sean-ater System Discharge potentially damaging to 
acquatic lifej.e plank-
ons. which supports 
such life (fish/shrimp) 

the pctrochemical-rcfineiy comfriex has 
heal exchangers in specific units and uses 
"counierflow" technique to exchange heat 
through a "metal" mediimi. All wastewaters 
from the petrochemical -refinery process 
is subjcaed to wastewater treatment before 
used as make up or cooling waters in the 
system. Any waters discharged into the 
Gulf of Guinea is from "storage tanks" and 
no waters discharge above 3.'̂  deg C at the 
beach or landfall. 

Burning Fuel 

Local Community & 
Services 

Aesthetics 

air emissions from the 
burning of fiiel is a 
health hazard to the 
emplc^ees and Anoe 
VUlage 

reduce the local area 
food supply, housing 
facilities, medical/dental 
facilitics,transportation 
fiicls. and basic utilities 

damaging of the natiual 
surroundings,!,c trees, 
shrubs, and grasses. 
Natural terrain becomes 
unattractive to the eye. 

the power generating plant will bum No.2 
fuel 10 generale electricity Scrubbers are 
used to reduce the emissions of SOx,NOx. 
particulates in the air. Power units designed 
to emit steam. 

the petrochemical-refinery site will import a 
major portion of food items. Temporary 
housing for l(X) to 120 workers on-site. 
Temporary medical/dental centers with 
two surgical suites for emergencies. 
On-site transportation fuels purchased 
directly from a refinery source All basic 
utilities are fiimished with the temporary 
ofiicc space. housing.kitchen(s).and 
meeting areas. 

all natural surroimdings are carefully spared 
without damaging many trees, shrubs, or 
grasses. Areas are frianned and landscainng 
techniques applied to remain pleasing to the 
eye. 
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The desalination unit will be used by the local govemment,if operational and cost effective 
to continue to operate. The pipeline connections to the site will be decommissioned. 

All land will undergo soil analysis for both chemical and biological pollutants during the 
decommission phase of the project Removal of all processing equipment and recycling 
of other units or metals to be smelted Landscaping of surface to point of the original 
background is the objective during the decommission phase. 

In the decommission phase,monitoring units will remain in place and functioning. Botany 
and Zoology specimens examined and classified,and followed up in a six month period of 
time. The general communities topography examined and activities needed to return to 
original conditions. 

The decommission phase will bring about a blending of the primary petrochemical-refinery 
zone and the habitat, almost to its natural setting. Planting of natural grasses and trees to 
include landscaping to serve as natural barriers if needed. 

During the decommission phase, a study will be made to determine the baseline condition. 
Compare the present baseline conditions to the original condition of the flora to determine 
the genera! health, growth rate, and quantity of each species to mmntain a healthy 
environment. 

Also, during the decommission phase, the outer boundary fence line will not be removed 
immediately until the final environmental study has been completed and report submitted 
to the proper governmental authorities. The controlled area in terms of the ongoing 
environmental monitoring and the active primary petrochemical-refinery zone, should be 
delineated for at least a six month period of time. 

4.8 Post-Decommission Plan 

The local communities will benefit from the desalination unit. Pipelines connecting to 
public water systems providing fi-esh water on a daily basis. 

During the post decommission phase, air models for air dispersion performed to insure 
thai ambient air levels of air do exist for the communities. The area close to its natural 
setting for its habitat, should bring back the normal fiinctions of breeding, seeking 
^elter,and hunting for food by mammals. 

Monitoring during the post-decommission phase is essential for its natural growth. The 
area should display many of the natural features to include fiiU growth of the indigenous 
flora. 
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The post decommission period, should be used to monitor the area in terms of growth as 
related to the flora and fauna present in the 500 acres of land A time frame to declare 
the whole area closed to the original background in terms of flora and fauna should be 
made. 

5, Analysis of Alternative 

5.1 Initial Analysis 

As previously stated, the proposed five hundred (500) acre site located in the Sekondi 
Export Processing Zone has met the basic criteria to construct and operate the 
petrochemical-refinery complex. An analysis of alternatives would involve, (1) changing 
of the petrochemical-refinery configuration, (2) area of petroleum products and crude oil, 
(3) storage site changed, and (4) all buildings and ancillary structures changed to mitigate 
negative impacts related to air ,water, land, and the population(Anoe Village), (5) the. 
purchasing of a present petrochemical-refinery unit (60,000 bbls./day) and (6) locating in 
Cote d' Voire, Benin, Togo, or Nigeria. 

5.2 Updated Analysis of Alternatives 

Fig, 1, Air mass source regions,January,shows the intertropical air mass covering the 
southern half (50%) of Africa and Ghana inclusive of such air-mass source. It has been 
noted that the intertropical air mass moving in a westerly direction to the open sea to the 
northern areas (land mass) of South America. The Sekondi Export Processing Zone will 
not be significantly affected by air mass regions, January in the dispersions of gas 
emissions( NOx and SOx), 

Fig. 2 Air mass source regions, July shows the intertropical air mass covering mainly 
South Africa, The northern portion of the intertropical air mass is north of the West 
African coastline, i.e. Ghana, Cote De Ivoire, Guinea, and Senegal. 

Therefore, both air masses, January and July wil! not significantly cause any changes in the 
dispersion models for gas emissions (NOx and SOx) within the Sekondi Export Processing 
Zone, Changing of the petrochemical-refinery complex configuration, area of 
petroleum products and crude oil storage tanks,and re-arranging of all buildings are not 
needed and necessary to effectively mitigate any negative impacts as related air emissions, 

5.3 Air Emissions and Air Quality Analysis 

Ankobra Resources Ltd. petrochemical-refinery complex proposed site has been 
considered of ambient conditions. The troposphere air contain the various gases,water 
vapor, and chemicals. The basic troposphere air contains: 
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Gases Nitrogen, Oxygen,Argon 
Liquid Water vapor 
Chemicals Carbon dioxide, Neon, Helium 

Methane,Kryton,Hydrogen 
Nitrous oxide,Carbon monoxide 
Xeon,Ozone,Nitrogen dioxide, sulfiir dioxide,Hydrogen sulfide. 
Ammonia, Formaldehyde, Kitric acid, Methyl Chloride 
Carbonyl sulfide,Freon 1 l,Freon 12, and Carbon tetrachloride 

5.3.1 Meteorological Data-Takoradi Air Force Base 
Wind Speed Possible Stability 

(m/s) (class) 
< 3 A,B,C,D,E,F 
3-4 B,C,D,E 
4-6 C,D 
>6 C,D 

5.3.2 Turbulence and the Mixing Process 

Difhjsion in the atmosphere is dependent upon mean wind speed and the characteristics of 
the atmospheric turbulence. These factors determine the stability characteristics of the 
atmosphere. Turbulence consists of horizontal and vertical eddies that mix the pollutant 
with air surrounding it. Thus in a smoke plume,the turbulence decreases the concentration 
of the pollutants in the plume and increases the concentration in the surrounding air. 

When turbulence is strong, the pollutants are dispersed more rapidly. Strong turbulence 
exists in an unstable atmosphere in which vertical motion is enhanced. Maximum 
instability occurs in the summer on a clear sunny day in the early afternoon. 

5.3.3 Atmosphere Turbulence 

Turbulent eddies are formed in the atmosphere by convection and by geographic and man 
made structures. Convection occurs when air is heated fi"om below by the warm surface 
of the earth and by the buildings and pavement covering it. 

Mechanical eddies result from the shearing forces produced when the wind blows over the 
surface of the earth. At ground level the wind speed is Eero,and it reaches a maximum 
usually at many thousands of meters above the surface. 

Therefore most of the mechanical eddies are far above the ground level of the employees 
or Anoe Village people to receive direct effect of air emissions. The prevailing winds will 
carry such air emission on westeriy direcrion toward the Gulf of Guinea, 
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Table 5.2 Pasquill-GifTord Stability Categories 

Surface Wind 
(Measured at 

torn) 
Day-Time Insolulion 

Night-Timc C 
Thinly 
Overcast 
or > 4/8 

Cloudiness 

oudiness 

<3/8 

(m/sec) (mph) Strong Moderate Slight 

Night-Timc C 
Thinly 
Overcast 
or > 4/8 

Cloudiness Cloudiness 

<2 4.5 A A ^ B - -

2-3 4.5-6.7 A-B B C E E 

3-5 6.7-11,2 B B-C C D E 

5-6 11.2-13.4 C C-D D D D 

>6 13-4 c D D D D 

* The degree of cloudiness is defined as that fraction of äiy above the local apparent horizon that 
is covered by clouds 

NOTES; 
I, Insolution is the rate of radiation from the sun received per unit of earth's surface. 
3. Strong insolation corresponds to sunny raid-day in summer. Slight insolation correqunds to 

similar conditions in mid-winter 
3. For A-B,B-C, etc. take thcareragcof A and B values, 
4. Night refers lo the period from 1 hour before sunset to 1 hour after dawn 
5. Regardless of wind speed, the neutral category D should be assimied for overcast conditions 

during the day or ni^t and for any sky conditions during the hour preceding or following night. 

1 mph = 0.4470 m/sec 
I m/sec = 2.237 mph 

A = extremely unstable 

B = moderately unstable 

C = sli^tly unstete E = slightly stable 

D = neutral F = moderately stable 

The data from the Takoradi Air Force has indicated mainJy stable conditions, which means 
less mixing of pollutants in the area. Sekondi Exptoil Processing Zone is close to the 
Takoradi Air Force Base, which indicates the ability to meet ambient air standards as 
presently indicated for sulflir dioxide,tiitrogen dioxide,carbon monoxide, and suspended 
particulate matter (total) and (PM (10)). 

Ghana Limits: 
Sulfur dioxide 

Ambient Concentration 
maximum 24-h concentration (microgratn/m (3)) 200 
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Nitrogen Oxides (expressed as NO (2)) 
Ambient Concentration 
average 24-h conccnintiion ( microgram/m (3)) 

Cartwn Monoxide (CO) 
Ambient Concentration 
average concentration over 1-hr period (mg/m (3)) 

Suspended f̂ rticulale Matter (Total) 
Ambient Conccntralion 
average 24-h concentration (microgram/m (3)) 

320 

10 

260 

5.4 Fuel Types 

West African crude oils. Bonny light. Brass River, Forcados,and Qua Iboe . Specifications 
for each West Afiican crude oil type has been listed below. 

Bonny L i ^ t Brass River Forcados Qua Iboe 
Specific Gravity 0.8398 0.8157 0.8708 0.8398 
A.P.I. 37.0 41.90 31,0 36.19 
B.S.W. 0.06%Vol 0.05%V01 0.13%Vol 0.25%Vol 
Water Content 0.2%VoI 0.10%Vol 0.05%Vol 0.29%Vol 
Pour Point Below 400F Below 150F Below 250F Below 400F 
Sulphur Content 0.14WT% 0,07WT% o.2\vr% 0.14WT% 

The electrical power generation system will use fuel oil, specifically No. 2 fijel oil. Listed 
are general characteristics of No, 2 fuel oil (Fig.38). 

5.5 Technologies 

The 140,000 bbls per day petrochetnical-refinery complex technologies include license 
processing ft^om UOP,Inc. Process license at a cost of $ 30,000,000 USD, UOP,lnc. 

All units such as Distillation Tower, Catalytic Reforming unit, Alkylation unit, Visbreaking 
unit. Fluid Catalytic Cracking utiit, Hydrodesulfiirization, Urtibon unit, and Partial 
Oxidation/Methanol unit are modular in design. There will be very little on-site fabrication 
of any unit except for welding of piping to the processing units, 

Petrochemical-Refinery Units: 

1. Distillation Tower 5. Fluid Catalytic Cracking Unit 
2. Catalytic Reforming Unit 6, Hydrodesulfiirization Unit 
3. Alkylation Unit 7. Unibon Unit 
4. Visbreaking Unit 8. Partial Oxidation/Methanol 

5-3 



Environmental Impact Assessment Report 

Table 1. D a t o i l t d R t q u i r e m a n l i Far F u t I O i U ' 

. 1 Wqraf 

. 7 ' : ' » -
CpFban 

an ID 

1 D I I B > . > I . 

p > r ( a l T 

DpillJIdthaA 
r i m c t f a r < r r « i . | l a v b « l l V L i f a t i l p , H ( 
dpg. r Ld«g Cl 

ï l f tgmgllc Vl ieg MT,, 
« t n i i i i g k g i 

1'*. 
Cgg 

O i a H * • ' f-f*l OJ1 

. 1 Wqraf 

. 7 ' : ' » -
CpFban 

an ID 

1 D I I B > . > I . 

p > r ( a l T 
w*igh>l 10 Dir 

Pa.nr 

» • n i i n l 
p . l - i 

Unlva'LOl Dl 
I W f ( . 1 1 - C I 

FurgI DT 
1 2 3 ' F 

I S O - C l 

A l I M - r 
I M ' C l ( W C ) 

1'*. 
Cgg 

w- JtUi ». 

1 Ï klk04ll«lr . " I t"' tf('i«-"( rhi ' iHH*' , 
\ ( l . Z t . l H H l k - ' m h i i r n i p l l i i r i . ^ - n ' I m r " « * . 

f , . , .! r IFMOi N<l. 1 flMlJ -111 > 

. , , f i W h - j l i H i i -H'^lly ' '^-^ ' ' • ' 
^ • * * U-^-i i l l l i^a »r h n u i 

H'-ii' )ïï:Xr- " "' '( 
», , L | - * r l f ' i l i " < -».N» 1 * »i^linri-*! I"l J 

" • " • ' > ) , , ! 1 , l . , . i . | u i r ^ l l . K l > . . - l l < h i I 

' • " " I J 1 

1 1 " ! 

M H I 

l ra. . l 
I V l l 

1 1 0 i f 

I Ï S ] 

1 U l . ' 

" 1 1 

1 w 

0 

i n -
i - t i 

to 

0.10 

n.io 

I f » 

i .n 

o as 

D.IO 

fl 10 

U I I I 

t i l t ) 

n n -
a n i i 

R40 
(UNI 

m.m' 

4 1 

l U 

onni 

<.17.«U) 

I M 

MUI 

TM 

(•uioni 

( ï l l 

4 1 

[101 

I t 

l d -

C 3 I I 

( T * l 

1.1 

lia.1) 

( « 1 

( IM) ( t i l 

( « 1 

» I I 

11 

30 

Sa.1 

i1.'<l I < upl l l ItVUl'l • n^,P»(m-, i i i . Ih , . n ^ r ^ J f y t,tr |.,-..,MLiPhM^ hu-
U l l w M I I - d ü i • L i * - i l j n n i w i l h llto M l u w < n t f tdt.h: 

pin, l 
\ . . . 1 , , 
Nifc 4 
N n . i . . . , 
N B . • 

m h r r i-»kLihkkr hmpli > U T • » i p r c ' ^ n l « I T IPF m M t H l a g t W H i 
* I l Él Ihc i n l m l »J lh*-»C rUM»fi*-" l -MtT i h d l f - lJulC lO " . W l •">• m i m r t 

• i c n r o i l •>»r-Lik<-<-i J ' M i r , , , • • • 
' I ••*—•! HM h«tfhr' |hxk' |n lnT« ^ny Or I p r ^ i f l « ! whf-Fk«vn • m i t i ' n l h f c«ti i | i |Hm« iH t l f t f l R 
• r S r I " jP*v 4»nt ihiMO-liPHi trpnprr«t(*F* J-«Pi( - « r *w ipi-ïÉ*H*l ui ^ l H ' »' < IJtf C.} 
' W h m piiur [¥**r>i 1*11 'h , *n O-K 
' V iK i i ip lT * -^n -» i ' » !>»'• " 
> T h 0 pntaiit-il at W I I D T I 

1 mrlb>l. I C I J I I , ni4^ n f ; i m k I «Pi l n i h f r i p c d i l k 

Su lpht i r . m i l , per 

O.T 

I l u lph t t r r tniktt 'nnvnf ' 

I h r l - n I h r p i f i h a i r t «lid i W ««IWf-
n i l ' J 4 l i v r i i I f d l h 4 i > n I H 4 «iTOfllAltC'I IV flI^CE H fril ld |h« t lCi l laWVf P * ^ H U W « 1» ' B C I t l • • n i k l i l r t q H U * -

I i p n i M i l . I h r minli i iMin 
n t h r k f l arc It' I n l u n n a iMin Q l l )H aiuj P 

itiTHiTf i h j i l Kr 
i L r L . 

Ii»r " H IP n(h«r rhup i 
in i l Ihti m i n i m u m 9 0 p^r < 

if wilDT b r ilLitlElalkirt p l u i ihfl iBiJlmvPl b r i i l rAEl iOf i ih^lL nul « i i . i m l i . lK I par t 
i n d icÜimflnL ^ l u a M at l .Ü p*r « n l . 

po ip l i h a l l h r w a l v n ] . 

L T h F BJTtounl af l a i l i m u n l b r « i l r a c l i o n ih i lL n a l t ' f d 0.S9 ptl R 4 l 

Fig. 38. Table 1 Detailed Requiremenis For Fuel Oils 

NOTE; 
Fuel Oil No, 5 and 6 are the normal bottoms found in refinery units tliat do not have a redundant 
visbreakcr and/or vacuum units for the heavy fractions during crude oil refining. Therefore, 
incineration is the method of choice for disposal. 



Crude Oil Assay: 

Technical Rcpor(-Pc(rochcinicaI Refinery Complex 

Bonny Light Crude Oil Nigeria 

Crude 
Gravity 
Sulfur.wt. % 
Vis. at 10OF 
Pour Point F: 
C{4)and lighter 
Vanadium 
Nickel 
Car. residue 
(Conradson) 

Light naplitha(debutanized) 
Yield 
TBP range,F 
Gravity 
Sulfur 
Paraffins 
Naphlhenes 
Aromalics 
Research CN.cIear 
Research ON.+ 3ml TEL/US gal 

Kerosine 
API; 37.6 Yield 
0.13wt% TBPrange.F 
SUS: 36.0 Gravity 

5 Sulfur 
2.2 vol. % Smoke point (IP) 
<0.5 ppm Freezing point.C 
4 ppm Aniline point.F 
1.1 % Diesel index 

Pour point,F 

Light gas oil 
6.4 vol.% Yield 
60-167 TBP range.F 
79,9 API Gravity 
O.Q002 wt %Suirur 
77 vol. % Celane index 
21.5 vol. % Diesel index 
I.Svol. % Pour point.F 

7eVis. at 100F 
93.5 

15.4 vol. % 
347-482 
40.2 API 
0.030 wt.% 
19 mm 

-47 
136 

55 
-70 

23.2 vol. % 
482-662 
33.2 API 
0.13 wt.% 

51 
53 
20 

SUS:40.3 

Heavy naphtha 
Yield 
TBP range F 
Gravity 
Sulfur 
Paraffins 
Naphthenes 
Aromatics 
Characterization factor 
Aniline point ,F 

167-347 
53.6 API 
0.003 wt.% 
34 vol. % 
55 vol. % 
11 vol .% 

Heavy gas oil 
Yield 
TBP range.F 
Gravity 
Sulfur 
Nitrogen (total) 

% Vanadium 
% Nickel 
11.7 Aniline point,F 
120 Pour point,F 

Vis. at 210 F 

23.1 vol. % 
662-977 
25.4 API 
0.21 wt. % 
1,150 ppm 
<D.1 ppm 
<0.1 ppm 

190 
105 

SUS:48.1 

Residual oil 
Range. F: + 
Yield 
Gravity 
Sulfur 
Vis. at 210 F 
Carbon residue 
Vanadium 
Nickel 

7.7 vol. % 
11.8 API 
0.39 wt. % 
SUS: 2.030 
12.0 wt. % 
3 ppm 
40 ppm 

Fig. 5. Ic Cmde Oil Assay 



5.5.1 Distillation Tower 

Distillation is a common method for the fractionation of petroleum. Separation by 
distillation takes place accordingly to volatility, not necessarily according to molecular 
weight. 

The theory of distillation has occuppied several large texts and is discussed only briefly 
here. Thus, if liquid is contained in closed space, it emits vapor until a pressure of the 
vapor is reached that is related to the temperature of the system,the vapor Is then said to 
be saturated. 

The vapor pressure if a liquid substance in contact with its own liquid is constant and is 
independent of the amount of liquid and of vapor present in the system. The vapor 
pressure is usually expressed in terms of the height of a necessary column/ in millimeters 
and in inches that produce an equivalent pressure. 

The vapor pressure of a liquid increases with temperatures, and when the vapor pressure is 
equal to the total pressure is equal to the total pressure exerted on the surface of the 
liquid,the liquid boils. Thus, the boiling point of a liquid may be defined as the temperature 
at which the vapor pressure of the liquid is equal to the external pressure of the liquid 
surface. 

This external pressure may be extended by atmospheric air, by other gases, by vapor and 
air, and so on. The boiling point at a pressure of 760 mm air is usually referred to as the 
normal boiling point 

5.5.2 UOP* Fluid Catalytic Cracking Process 

The fluid catalytic cracker (FCCU) unit process is a process for the conversion of straight 
run atmospheric gas oils, vacuum gas oils, certain atmospheric residues, and heavy stocks 
received from other olefins rich in light gases. 

The product gasoline has an excellent front end octane number and good overall octane 
characteristic Further, FCCU gasoline is complemented by the alkylate produced from 
gaseous olefins by-product because alkylate has superior octane and excellent sensitivity. 

In a typical FCCU, the cracking reaction are carried out in a vertical reactor riser in which 
a liquid oil stream contact a hot powdered catalyst The oil vaporizes and to lighter 
products as it moves up the riser and carries the catalyst powder with it. 
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The reactions are rapid, and only a few seconds of contact are necessary for most 
applications. Simultaneously with the desired reactions, coke, a carbonacecous material 
having slow rate of hydrogen to carbon (H/C), deposits on the catalyst and render it less 
catalytic active. 

The spent catalyst and the converted products are then separated,and the catalyst passes 
to a separate chamber, the regeneration, where the coke is combusted to rejuvenate the 
catalyst. The rejuvenated catalyst then passes to the bottom of the reactor riser.where the 
cycle begins again. 

Process Description: 

Reactor and regeneration In the reactor, the feed stock is cracked to an effluent 
containing hydrocarbon ran^ng from methane through the highest boiling point material 
in the feed stock plus hydrogen sulfide. In the regeneration, the circulating spent catalyst 
is rejuvenated by burning the deposited coke with air at high temperature. 

Main fractionator-Here the reactor eiïluent is separated into various products. The 
overhead includes gasolines and lighter material. The heavier products,heavier naphtha, 
and cycle oil are separated as sidecuts, and slurring oil is separated as a bottom product. 

Gas-concentration unit-In this reaction usually referred to as unsaturated-gas plant, the 
unstable gasoline and higher products from the main fractionator overhead are separated 
into feed gas C (3) - C (4) for alkylation or polymerization and debutanized gasoline that 
is essentially ready for use except for possible chemical treating. 

In general, conversion, which is typically defined as 100 minus the liquid volume 
percentage of products heavier than gasoline is never carried to completion. Some mwn 
column bottoms materials, referred to as clarified oil or slurry oil, is a product usually 
used for fijel blending, light cycle oil recovered as a sidecut product, is generally used for 
home heating, although a fraction might be suitable for diesel friel blending stock. 

Gasoline Mode- The most common mode of operation of the FCCU is aimed at the 
maximum production of gasoline This mode is better defined as an operation 
producing a high gasoline yield of a specific octane number. 

This condition requires carefijl contact of reaction severity, which must be enough to 
convert a substantial portion of the feed but not so high as to destroy the gasoline that has 
been produced. This balance normally is achieved by using an active and selective catalyst 
and enough reaction temperature to produce the desired octane. The catalyst circulation 
rate is limited and reaction lime is confined to a short exposure. Because of the severity is 
carefiilly, controlled, no cycle of uncovered components is normally needed. 
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Technical Report- Prlrochomioil Refinery Complex 

UOP FLUID CATALYTIC CRACKING PROCESS 

TABLE 3.3.3 Frwh FCC Calolysis 

Averngc bulkdciisiiy, g/mL 0.56 0,73 0.78 0.42 
Surface area, mVg 251 127 306 529 
Composiiion, wi %: 

Alumina 28.9 32.7 61.5 21.9 
Rarcc^nln 2,7 2.6 0.0 1.9 

C M -
Cone en I ration 

Unit 

ToHue^Gu 
Syilim 

I Regen trat or 
X Main 

Column 

FuelGu 

Cj-C, to Treating 

DebutanliedGaioUne 

Naphtha 

Llghl Cycle Oil 

. Hejvy Cycle Oil 

Main-Column Bottoms 

Heavy Recycle (Optional) 

FIGURE 3J,T Overall flow diagram for a UOP FCC complex e;icluding fiuegai lys-
lem option. 

TABLE 3.3.2 Effect of Catalyst Activity-

Low- Modeiaic- High-
Amorphous acliviiy sieve aciiviiy sieve activity sieve 

Conversion. LV % 63.0 67.9 76.Ï 78.9 
Cuoline. LV ft 43.1 51,6 55,4 57.6 
RONC 93.3 92.6 92.3 92.3 

•Biili; Middle Et» JOur i » oil, 23,TAPl gravity (ig - 0.911), 11.84 UOP K (actor. Ï.48 
WI % lulfur. 

Salt: RONC - rtieirch ociine number, cleir; 'API - clegre« on Ameriein Peiroleum 
Insljtula Kile. 

Fig. 5.2c TaWe 3.3.3. Fresh Catalysts 
Table 3.3.2. Effea of Catalyst Activity 



5.5.3 UOP* HF Alkylation Technology 

The UOP* HF Alkylation process for motor fiae! production catalytically combines light 
olefins,which are usually mixtures of propylenes and butylenes,with isobutane to produce 
a branched-chain paraffinic fuel. The alkylation reaction takes place in the presence of 
hydrofluoric acid (HF) acid under conditions selected to maximize alkylate yield in quality 

The alkylate product possesses excellent antiknock properties. Alkylate is a clear burning 
low sulfur gasoline blending component that does not contain olefins or aromatic 
compounds. Alkylate also has excellent lead response, which is important in locations 
where leaded gasoline is still produced. 

The process was initially used for the production of high octane aviation fuels fi^om 
butylenes and isobutane. The contribution of the alkylation process is critical in the 
production of quality motor fuels. The process provides refiners with a tool of uiunatched 
economy and efficiency one that will assist in maintaining or strengthing their position 
in the production and marketing of gasolines. 

However, where environmental regulations have reduced the allowable vapor pressure of 
gasoline, isopentane is being removed from gasoline, and refiner interest in alkylating this 
material into light olefins, particularly propylene, is growing. The actual reaction taking 
place in the alkylation reactor are many and are relatively complex The equation is Fig. 
1.4.1 illustrate the primary reaction production that may be expected for several pure 
olefins. 

Process Description: 

The alkylation of olefins with isobutane is complex because it is characterized by simple 
additions as well as by numerous side reactions. Primary reaction products are the 
isometric paraffins containing carbon. However, secondary reaction such as hydrogen 
transfer, polymerization, isomerization, and destruction alkylation also occur, resulting in 
the formation of secondary products both lighter and heavier than primary product. 

To minimize and consumption and ensure good alkylate quality, the feeds to the alkylation 
unit should be dry and of low sulfur content. Normally, a simple desiccant-drying system 
is included in the unit design package. 

Feed treating in a UOP Merox* unit for mercaptan sulfiir removal can be economic 
adjunct to the alkylation unit for those applications in which the olefins feed is derived 
from catalytic cracking or for other operation in which feeds of significant sulfur content 
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ALKYLATION AND POLYMERIZATION 

TABLE 1.4.1 Composiliont of Alkylate from Purc-Olcrin Fecdilocki 

Olefin 

Componem, wt % C,H. ' C . H , C,H,.2 C.H,.1 

Cj iiopenlane 1.0 0.5 0.3 1.0 
C. ' . : 

Dimethylpenunei 0.3 0.8 0.7 0.8 
Methyl pen lanes — 0.2 0.2 0,3 

C / . : 
2.3-dimethylpenlane 29.5 2.0 1.5 1.2 
2.4-dirneihylpeniane 14.3 — — — 
Methylhexines — — — — 

C.' . : 
2,2,4-trimeihylpentane 36.3 66.2 48,6 38.5 
2,2,3-triiiielhylpenlBne — — 1.9 0.9 
2,3,4.trimethylpenlane 7,5 12.8 22,2 19.1 
2,3,3-trimethylpenlane 4 7.1 12.9 9.7 
Dimethyl hennes 3.2 3.4 6.9 22.1 

C^4- products 3.7 5.3 4.1 5,7 

F ® 
C - C C H f — * C - C - C - »C-C-C OA» 

C-C.C-C.HF-»C-C-C-C— C-C-C-C-^C-C-C-C . C-C-C (H-O 
I 

c 

f © © 
C.C-C-C HF-*C-C.C-C - » C-C-C-C—• C-C-C-C • CC-C (i.«.T) 

c 

f 'C. © 
C-C-C. HF—.-C-C-C-C—.-C-C-C—*C-C-C-C -C-C-C 0-tJ) 

0 ^ 

FIGURE 1.4.2a HF ilkylaiion reaction mechaniim—iniiiuion reaciioni. 
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ALKYLATION AND POLYMERIZATION 

Polymerisation 

9 © 
C-C-C-C-C . C-C-C-C — » C u - (i.4.ifl 

C C C,6' l i c . 

Crocking DIsproporlionation 

Hydrogen Tranäftr 

C4He./C4H,o-*CaH,» ( ! * " ) 

Overall Keactlan: 

CjHs t ïC^H iD—•CjHg .T l ime thy lpen lu le ClAl l ) 

FIGURE 1.4.2rf HF ilkylalion resclion mechaniim—other. 



Tcclinicfll Rrpnrl-Prlrorhcniiral Rcfïnrry Complex 

UOP HF ALKYLATION TECHNOLOGY 

CHiC-CHs-CHz-CH-CHs — • CHj-C-CHj-CH-CHj OA.Ï} 

CHj CH3 CHj 

riHBCtWItJ 
Jiabiif>pMfW Itobaiaitr 3,li-Tr1mrtflytptiitan9 

CH2.CH-CH2-CH3 • CHj-CH-CHj —» CHj-CH-CH-CHj-CHi-CHa <MJ> 

CHj CHjCHj 

CH3-CH.CH.CH3 . CHj-CH-CHj — * CH]-C-CH2-CH-CHi O U ) 

CH3 CHj CHj 

3-Btntin lioóu/ant 2.Z4-7fimtihytptnnnt 

CH3CH3CH3 

* CHj-CH-CH-CH-CHj 

2.X4- Trimtthyiptrtlant 

CH]-CH-CHz • CH3-CH-CH3 —» a(3-CH.CH.CH3-CH3 ( l . * f l 

CH3 CH3 CHa 

pNif/yitn§ üabutaitt 2,3-Oimtihyipeniant 

FIGURE 1.4.1 HF alkylaiion tmnury reaciionit Tor monookHns, 
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are processed. Simplified flow schemes for a typical C (4) HF Alkylation unit and a C (3) 
-C (4) HF Alkylation unit are shown in Fig. 1.4.3. 

Treated and dried oiefinic feed is changed along with recycle and makeup isobutane (when 
applicable to the reactor section of the plant). The combined feed enters the shell of a 
reactor-heat exchange through several nozzles positioned to maintain an even temperature 
throughout the reactor. 

The heat of reaction is removed by heat exchange with a large volume of coolant flowing 
through tubes having low temperatures rise. If cooling water is used, it is then avail^le 
for further use elsewhere in the unit. This effluent from the reactor enters the settler, and 
the settled acid is returned back to the reactor. 

The isostripper overhead consist mainly of isobutane, propane, and HF acid, A drag 
stream of overhead material is changed to the HF stripper to strip acid. The overhead 

from the HF stripper is returned to the stripper overhead system to recover acid and 
isobutane. 

A portion of the HF stripper bottoms is used as, flushing material. A net bottom stream i$ 
withdrawn, defluorinated, and charged to the gas-concentration section (C (3) - C (4)) 
olefins and may be required with C (4) olefin feedstocks if the quantity of propane 
entering the unit is too high to be recycled economically as previously described the 
isostripper overhead drag stream is changed to the internal depropanizer. Overhead from 
the internal depropanizer overhead system High purity propane is drawn off the bottom of 
the HF stripper passes through a defluorination step, and is then sent to storage. 

A small slop stream of circulating HF acid is generated internally to maintain acid purity at 
the desired level. This technique significantly reduces overall chemical consumption. An 
acid -regenerator column is also provided for start-up after turnarounds or in the event 
of a unit upset or feed contamination. 

Catalytic Reforming Unit: 

The Platforming process is a UOP* developed and engineered catalytic reforming process 
in the wide spread use today throughout the petroleum and petrochemical industries. The 
first UOP Platforming unit went on stream in 1945. 

In the Platforming process, light petroleum distillate (naphtha) is contacted with a 
platinum-containing catalyst at elevated temperatures and hydrogen pressures ranging 
ft^om 345 KPa to 3450 KPa (Eo to 500 Ibs./in (2) gage).Platforming produces a high-
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octane liquid product that is rich in aromatic compounds. Chemical hydrogen, light 
gas,and liquified petroleum gas (LPG) are also produced as reaction by products. 

Originally developed to upgrade low-octane number straight-run naphtha to high-octane 
motor fuels, the process has since been applied to the production of LPG and high purity 
aromatics. 

Process Chemistry: 

Feed and Product Composition 

The Platforming naphtha change typically contains C (6) through C {11) paraffins, 
naphthalenes, and aromatics The primary purpose of the Platforming process is to 
produce aromatics from the paraffins and naphthenes. The product stream is a pressure 
-quality gasoline blending components because of high-octane values of the aromatics. 

Naphtha from different crude sources vary greatly in their hydrocarbon composition and 
this is their ease of reforming. The ease with which a particular naphtha feed is processed 
in a Platforming unit is determined by the mix of paraffin,naphthas,and aromatics in the 
feedstock. Aromatic hydrocarbon pass through the unit essentially unchanged. 

Napthenes react relatively easily and are high selective to aromatic compounds- Paraffin 
compounds are the most difficult to convert, and the relative severity of the Platforming 
operation is determined by the level of paraffin conversion required. Low severity (low 

octane) operations require little paraffin conversion,but high severity operations require 
a significant degree of conversion. 

Naphthas are characterized as lean (high paraffin) or each {low paraffin content). Rich 
naphthas,with a higher proportion of naphthalene components, are easier to process in the 
reformate than does a lean charge. 

Reactions: 

Platforming reaction can greatly be classified under four categories: dehydrogenation, 
isomerization, dehydrocyclization, and cracking. The extent to which each of the reactions 
occurs for a given Platforming operation depends on the feedstock quality,operating 
condition, and catalyst type. 
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Dehydrogenation of Naphthenes: 

The principal Platforming reactions in producing an aromatic from a naphthene is the 
dehydrogenation of an alkylocyclohexane. This reaction takes place rapidly and proceeds 
essentially to completions. This reaction is highly endothermic, is favored by high reaction 
temperature and low pressure,and is promotwi by the metal catalyst function. 

Because this reaction proceeds rapidly and produces hydrogen as well as aromatic 
naphthenes are the most desirable compounds in the Platforming feedstock. 

Tsomerization of Paraffin and Napthenes: 

The isomerization and alkylcyclopentane to an alkylcyclohexane must take place before 
an alkylcyclopentane can be converted to an aromatic. The reaction involves any 
arrangement and thus the possibility for ring opening to form a paraffin exists. The paraffin 
isomerization reactions are promoted by the acid catalyst fiinction. 

Dehydrocyclization of Paraffins: 

The most difficult Platforming reaction to promote is the dehdrocyclization of paraffins. 
This reaction consist of difficult molecular arrangements of paraffin to a naphthene. 
Paraffin cyclization becomes easier with increasing molecular weight of the paraffin 
because of the probability of ring formulation increases. Partially offsetting the effect in 
the greater likelihood of the heavy paraffins to hydrocrack. Dehydrocyclization is favored 
by low pressure and high temperature and requires both metal and acid catalyst Rinction. 

Cracking Hydrocracking and Dealkylation: 

The difficulty of naphthene isomerization and paraffin cyclization combined with the acid 
tunction dictates a high probability for parafrin hydrocracking, paraffin hydrocracking is 
favored by high temperature and high pressure. As paraffin crack and disappear from the 
gasoline boiling range, the remaining aromatics become concentrated In the product, 
thereby increasing product octane. However, hydrogen is consumed,and the net liquid 
products is reduced. 

The dealkylation of aromatics entails either making alkyl group ( a side chain on the 
aromatic ring) smaller or removing the alkyl group completely. An example of the latter is 
converting toluene to benzene If the alkyl side chain is large enough, the reaction is 
similar to paraffin cracking. Dealkylation is favored by big temperature and high pressure. 

5-9 



5.5.4 FW/UOP Visbreaking 

Visbreaking is a well established noncatalytic thermal process that converts atmospheric or 
vacuum residue to gas, naphtha, distillates, and tar. Visbreaking reduces quantity of cutter 
stock required to meet fuel oil specifications while reducing the overall quantity of fuel oil 
produced. 

The conversion of these residues is accomplished by heating material in high temperatures 
in a flirance. The material is passed through a soaking zone, located either in the heater or 
in an external drum, under proper temperature and pressure constraints so as to produce 
the desired products. The heater effluent is then generated with a quenching reaction to 
stop the reaction. 

Feedstocks: 

Atmospheric and vacuum residues are normal feedstocks to a visbreaker. These residues 
will typically achieve a conversion to gas, gasoline, and gas oil of 10% to 15% percent, 
depending on the severity and feedstock characteristics. The conversion of the residue to 
distillate and lighter products is commonly used as a measurement of the severity of the 
visbreaking operation. Percent conversion is determined as the amount of 650F +(343 C 
+) material present in the atmosphere residue feedstock or 900 F + (482 C +) material 
present in the vacuum residue feedstock which is visbroken into lighter boiling. 

The extent of the conversion is limited by a number of feedstock characteristics, such as 
asphaltene, sodium and Conradson carbon content. A feedstock v îth a lighter asphaltene 
content will result in an overall lower conversion than a normal asphaltene feedstock,while 
maintaining production of a stable fuel oil from the visbreaker bottom. 

Process Flow Scheme: 

A typical visbreaker (Fig, 12.3.4.) can be employed when viscosity reduction of residual 
streams is desired so that the need for high quality distillate cutter stock can be reduced in 
order to produce a commercial-grade residual fuel oil. This visbreaker unit is charged with 
atmospheric or vacuum residue. The unit charge is r^sed to the proper reaction 
temperature in the visbreaker heater. The reaction is allowed to continue to the desired 
d ^ e e of conversion in a soaking zone in the heata". 

Stream is injected into each heated coil to maintain the required minimum velocity and 
residence time and to suppress the formation of coke in the heater tubes. After leaving the 
heater soaking zone, the effluent is generated with a quenching medium to stop the 
reaction and is sent to the visbreaker fractionator for separation, 
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The heater effluent enters the fractionator flash zone where the liquid flows to the bottom 
of the tower and is steam-stripped to produce the product. The vapor portion flows up to 
the tower to the shed and wash section where it is cleaned and cooled with a gas oil wash 
stream. 

The washed vapors then continue up the tower, Gas oil stripper feed, as well as 
pumparound,wash liquid, and the oil to quench the charge are all removed on a side 
draw-off tray. The pumparound can be used to reboil gas plant towers, preheat 
boiler feedwater, and generate steam. The feed to the gas oil stripper is steam-stripped, 
and then a portion of it is mixed with the visbreaker bottoms to meet viscosity reduction 
requirements; the remainder is sent to battery limits. 

The overhead vapors flow from the tower are partially condensed and sent to the overhead 
drum- The vapors flow under pressure control to a gas plant. A portion of the condensed 
hydrocarbon liquid is used as reflux in the tower and the remainder is sent to a stabilizer. 
Sour water is withdrawn from the drum and sent to battery limits. 

5.5.5 UOP* Merox Process(Hydrodesulfurization Unit) 

The UOP* Merox process accomplishes mercaptan extraction and mercaptan conversion 
at normal refinery rundown temperature and pressure. The process is based on the ability 
of an organometallic catalyst to promote the oxidation of mercaptan to disulfides in an 
alkaline environment by using air at the source of oxygen, for tight hydrocarbons, 
operating pressures is controlled slightly above the bubble point to ensure liquid-phase 
operation: for heavier stocks, operating pressure is normally set to keep air dissolved 
in reaction section. Gases are normally treated at their prevailing system pressures. 

Merox treatment can in, in general, be used in the following ways: 

To improve lead susceptibility of light gasoline (extraction) 
To improve the response of gasoline stocks to oxidation inhibitors 
added to prevent gum formation during storage (extraction and sweeting) 
To improve odor on all stocks (extraction or sweeting or both) 
To reduce the mercaptan content to meet product specifications requiring a negative 
doctor test or tow mercaptan content (sweeting) 
To reduce the sulflir content of LPG products to meet specifications (extraction) 
To reduce the sulfur content of coker or fluid catalyst cracking (FCC) C (3) - C (4) 
olefins to save on acid consumption in alkylation operations using these materials as 
feedstocks or to meet the low-sulfur requirements of sensitive catalyst used in vacuum 
chemical synthesis processes (extraction). 
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Process Description: 

The UOP* Merox process accomplishes mercaptan extraction and mercaptan conversion 
at normal refinery rundown temperature and pressure. The process is based on the ability 
of an organometallic catalyst to promote the oxidation of mercaptan to disulfides in an 
alkaline environment by using air at the source of oxygen, for light hydrocarbons, opening 
pressure is controlled slightly above the bubble point to ensure liquid-phase operation: for 
heavier stocks, operating pressure is normally set to keep air dissolved in reaction section. 
Gases are normally treated at their prevailing system pressures. 

Merox Extraction: 

Low-molecule-weight mercaptans are soluble in caustic soda solution. Therefore, when 
treating gases, LPG, and light-gasoline fi^actions, the Merox process can be used to extract 
mercaptans, thus reducing the sulfur content of the treated product. In the extraction unit 
(Fig- 11.3.1.) the sulflir reduction attainable is directly related to the extractable mercaptan 
content of the fresh feed. 

In mercaptan-extraction units, fi^esh feed is charged to an extraction column, where 
mercaptans are extracted by a countercunent caustic stream. The treated products passes 
overhead to storage or downstream processing. 

The mercaptan-rich caustic solution containing Merox catalyst-flows fi"om the bottom of 
the extraction column to the regeneration section through a steam heater, which is used to 
maintain a suitable temperature in the oxidizer, where the caustic is regenerated by 
converting mercaptan. Spent air is vented to a safe place, and disulfide is decanted and 
sent to appropriate disposal. For example, the oil can be injected into charge to a 
hydrotreating unit or sold as a sptecialty product. The regenerated-caustic stream is 
returned to the extraction column. A small amount of Merox catalyst is added periodically 
to maintain the required activity. 

5.5.6 Partial Oxidation: (Methanol Production Unit) 

An alternative method of hydrogen production is that of partial oxidation. In this type of 
process the heat required to arrive at the desired operating conditions is provided by 
combustion of part of the feed using oxygen. Enriched air can be used if a hydrogen 
nitrogen mixture is required for ammonia synthesis. 

As the process is non-catalytic, it can operate with any hydrocarbon feedstock from 
natural gas to the heaviest residues such as asphalt and bitumen. In refinery operations the 
heavier feedstocks are more frequently used. 
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Shell and Texaco have both developed successful processes, which operates in the 30-80 
bars pressure range and at temperatures between 1000 and 1600 C. A flow diagram of the 
Shell Process is shown in Fig. 28. The hydrocarbon feed and oxidant (oxygen and air) are 
heated separately and fed to the reactor. 

Before entering the reaction zone, these components are initially mixed to avoid local high 
concent rations of oxygen, which would otherwise give excessive temperatures rises, and 
low concentrations which would give increased carbon formation, in simplified terms, 
parts of the hydrocarbons is burnt, the heat produced assisting, to break up the residual oil 
into gasifiable fractions. 

The combustion and cracked products react to give the desired gas mixture. To acheive 
the simuhaneous combustion and cracking of the feedstock in desirable ratio, it is oflen 
necessary to include a "moderator" in the reaction mixture to control the temperature. In 
the case where oxygen is used, steam or carbon dioxide may be used as the moderator, 
and where air is used the nitrogen acts as the moderator. 

Carbon is produced in the process and the tendency to form cartjon increases with 
feedstock boiling range, rising from 0,1% wt. with gaseous feeds and up to 3% wt, with 
heavy fuel oil. 

The product gas leaves the reactor carrying with it an applicable amount of sensible heat 
whidi is recoverable in a downstream waste boiler. Despite the pressure of carbon in the 
efïluent gas high heat transfer rates are acheived and the gas leaves the boiler at a 
temperature closely approaching that of steam produced in the boiler. If oxygen is used for 
gasification, about 2,8 tonnes are produced/tonne of oil gasified. About 0.4-0.5 tonnes of 
feed often is used as the moderator 

The carbon is removed from the product gas, which is then purified by removal of 
hydrogen sulfide,before passing to shift reactors for CO conversion. Amine or cartxinate 
absorbers are used to remove CO. and finally the gases are sent to a methanation reactor, 
as in the steam reforming process. 

Typical operating conditions and reaction effluent gas composition for different feedstock 
are shown below. Partial oxidation has the advantage of being able to operate on low 
priced tiiel with no restrictions on sulfur content and at high pressures to reduce 
compression cost for high pressure processes such as hydrocracking ammoma production. 
The advantage is the necessity for pure oxygen and therefore an air liquefaction plant is 
normally required. 
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Approximately three quarters of all methanol is used in the production of formaldehyde, 
acetic acid and a variety of other chemical intermediates which form the foundation of a 
large number of secondary derivatives. These secondary derivatives are used in the 
manufacture of a wide range of products including plywood, particleboard, foams,resins, 
and plastic. 

The remainder of the methanol demand is in the ftiel sector, principally as MTBE, which is 
blended with gasoline as a source of octane and as an oxygenate to reduce the amount of 
harmful exhaust emissions from motor vehicles. 

Storage Facilities 

Product Tank (s) Capacity (bbls.) 

Crude Oil 4 1 0 million* 
Gasoline (unleaded) 2 1.0 million* 
Naphtha 2 1,0 million* 
LPG 2 250,000* 
Methanol 1.0 million* 
Bitumens* 250,000* 
Fuel Oil 250,000* 
Jet Fuel 2 1,0 million* 
Kerosine 100,000* 
Sulfuric acid 500,000 
Wastewater 500,000 
Stormwater 500,000 

* each 

The entire tank farm will be bermed for soils, drainage systems for liquid spills,to include 
the stormwater system. Crude oil tanks, will be located to provide direct feed to the 
atmospheric tower(s). Tank farm foundation will be a solid stab of concrete to support the 
weight of the tankage for crude oil and products. 

Bitumen products tank will have a heated core to keep the product hquid. Instrumentation 
in the control room will assist in the inventories of both crude oil and petroleum products 
tanks. 

Permanent fire hoses are mounted in the tank farm area to assist during any fires in the 
area. Automatic heat sensors to signal the presence of fire in the tank farm and sound the 
sound the alarm to control and extinguish the fire. 
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Petrochemical - Refinery Yields 

Product Distillation Catalytic Vacuum Partial Hydrotreater 
Tower (s) Reformer Unit Oxidation (naphtha) 

Light & Heavy X 
Naphtha X 
Kerosine X 
Aviation Fuel X 
Diesel Fuel X 
Heating Oils X 
Gas Oils X 
Fuel Oils X 
Naphtha X 
Gasoline X 
straight run 
High Octane Gasoline X 
(Low Sulftir) 
Pitch Asphalt X 
Methanol X 

Petroleum Products 

Product Domestic Europe Quantity (tons/yr) 
Gasoline (unleaded) X X 2,200,000 
Naphtha X X 700,000 
LPG X 250,000 
Methanoi X 540,000 
Bitumen X 400,000 
Jet Fuel X X 2,000,000 
Diesel X X 2,000,000 

Catalyst 

Type Source Quantity 

Zeohte Catalyst UOP, Inc. 2.35 million mt./yr 
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Chemicals 

Type Source Quantity 

Suliliric Acid Stratco Inc. 290,000 mt./yr 

5.5.7 Waste 

Ankobra Resources Ltd. project waste generated at an estimated 1,510,000 tons/yr, on an 
annual basis. Approximately eighty-five (85%) percent of the waste being generated will 
be liquid in the form of waste water. 

Waste Streams 

Waste Gas Liquid Solid Quantity 

Waste water x 1,359,00 tons/yr 

Zeolite Catalyst x 151,00 tons/yr 

Sulfuric Acid x 290,000 tons/yr 

Calcium Fluoride x 100,000 tons/yr 

5.5.8 Solid Waste Disposal Practices 

The most significant solid waste, Zeolite Catalyst, which will be, (i) recycled and (2) 
shipped to manufacture to re-activate the catalyst. Internal boilers will bum both liquid 
and solids as intermediates in both the petrochemical and refinery units. 

Contaminated solids such as crude oil solids, solids contaminated with petroleum products 
are primarily disposed of by high temperature incineration (Fig. 19). Ankobra Resources 
Ltd. will have an onsite incineration unit and storage capacity to bum all waste at a 
scheduled time. 

Bottom sludges from the petrochemical-refinery complex is incinerated on site in the high 
temperature incineration unit. The rotary kiln section is normally used for such disposal. 
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ANKOBRA RESOURCES LTD. 

A. WAREHOUSE(S) 
B. TANK FARM 

1. Crude Oil 600,000 tons 
2. Intermediate Products 900,000 tons 
3. End Products 500,000 tons 
4. Wastewater/Sludge 500,000 tons 

C. ADMINISTRATIVE BUILDING 
0 . LABORATORIES 

1. Environmental 
2. Quality Control 
3. Petroleum 
4. Chemistry 

E TRAINING BUILDING (S) 
F. PERSONNEL CHANGING ROOM COMPLEX 
0 . MEDICAL DENTAL CENTER 
R AUTOMOTIVE/TRUCK REPAIR CENTER 
1. TURBINE GENERATORS (ELECTRICAL) 
J . CONTROL ROOM (S) 
K. CONTROL ROOM - TANK FARM 
L GENERATORS (EMERGENCY) 
M. TRANSPORT CENTER 
N. MAINTENANCE BUILDINGS 
O. PIPELINE(Pipeline under road ttiroughout Free Zone) 
P. PROCESSING EQUIPMENT 

1. Distillation Tower 
2. tatalytic Reforming Unit 
3. Alkylation Unit 
4. Visbreaking Unit 
5. Fluid Catalytic Cracking (FCCLf) 
6. Hydrodesulfurization Unit (HDS) 
7. Unitxin Untt 
8. Partial Oxidation/Methanol 

Q. TRAINING FIELD AREA (Fire Fighting Techniques) 
R. SHIPPING AND RECEIVING BUILDING 
a FIRE STATION 
T. LPG FILLING STATION 
U. SCALES (TRUCKS) 



Contaminated items candidates for high temperature incineration: 

1. contaminated paper, wood, metal objects, and debris 
2. contaminated sulfuric acid (not recycable),waste water (high metal content) 
3. tank cleaning solids, and liquids 

5.5.9 Waste water Treatment Facility 

A significant amount of wastewater will be generated on an annual basis. The wastewater 
treatment facility can treat up to 1.5 to 2.0 milliongallonsofwastewater per day (Fig.17). 
About seventy to ninety percent of the wastewater treated can be re-used in the 
petrochemical-refinery complex. The ten (10%) percent to thirty (30%) percent 
incinerated on-site by the thermal oxidation method, incineration that produces steam. 
This steam can be piped into electric power generating area to produce electricity. 

Sulfuric Acid: 

The sulfuric acid will be recycled and fresh sulfuric acid added to the amount in process. 
The residual solids will be incinerated in the on-site incinerator. 

5.5.10 Management of Process Effluents: 

The management of process effluents can be determine by the simplified refinery flow 
diagram (Fig.2C), Effluents from the atmospheric distillation column are normally 
processed in the alkylation unit. In the alkylarion unit's eflfluent-treating systems, any 
neutralized HP acid must eventually leave the system as a metal fluoride. 

EfiQuent Neutrali2ation: 

The effluent containing HF acid can be treated with lime [ CaC0-Ca(OH) (2)] solution or 
sluny, or it can be neutralized indirectly in a KOH system to produce the desired CaF(2) 
product. The KOH neutralization system currently used in a UOP-designed unit involves a 
two-stage process. As HF acid is neutralized by aqueous KOH,soluble potassium fluoride 

(KF) is produced, and the KOH is gradually depleted. Periodically,some of the K-F 
containing neutralizing solution is withdrawn to the KOH generator. In this vesse!,KF 
reacts with a lime slurry to produce insoluble CaF (2) and thereby regenerates KF to 
KOH. The generated KOH is then returned to the system,and the solid CaF (2), is routed 
to the neutralizing basin. 
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5.5.11 Waste Disposal 

Effluent Gases- The HF Alkylation unit uses two separate gas vent lines to maintain the 
separation of acidic gases from nonacidic gases until the acidic gases can be scrubbed free 
of acid. 

Acidic Hydrocarbon Gases. Acidic hydrocarbon gases originate from section of the unit 
where HF acid is present These gases may evolve during a unit upset, during a shutdown 
or during a maintenance period in which these acidic gases are partially or totally removed 
from the process vessels or equipment. The gases from the acid vents and from the acid 
pressure-relief valves are piped to a separate closed relief system for the neutralization of 
the acid-scrubbing section to the refinery nonacid flare system,where they are disposed of 
properly by burning. 

The acidic gases are scrubbed in the acid neutralization and caustic regeneration system as 
shown Fig, 1.4.6. This system consists of the relief-gas scrubber, KOH-mix tank, liquid 
knock-out drum, neutralization drum, circulating pumps, and a KOH-regeneration tank. 

Acidic gases, which were either vented or released, first flow to a liquid-knockout drum to 
remove any entrained liquid. The liquid from this drum is pumped to the neutralization 
drum. The acidic gases from the liquid-knockout drum then pass from the drum to the 
scrubbing section of the relief-gas scrubber, where countercurrent contact with KOH 
solution removes the HF acid. After neutralization of the HF add, the nonacidic gases are 
released into a refinery flare system or the onsite incineration system(Fig, 19). 

Nonacidic Hydrocarbon Gases. Nonacidic gases originate from section of the unit in which 
HF acid is not present. These nonacidic gases from process vents and relief valves are 
discharged into the refinery nonacid flare system or the onsite incineration system, which 
they are disposed of by burning. 

Obnoxious Fumes and Odors. The only area from which these potentially objection^le 
fumes could originate is the unit's neutralizing basin. To prevent the discharge of these 
odorous gases to the surroundings, the neutralizing basins are tightly covered and 
equipped with a scrubber to remove any offensive odors. The gas scrubber uses either 
water or 
activated charcoal as the scrubbing agent. However, in the aftermentioned neutralizing 
system, odors from the basin are essentially nonexistence because the main source of these 
odors (acid-regenerator bottoms) is handled in separate closed vessels. 

Liquid Waste, The HF Alkylation unit is equipped with two separate sewer systems to 
ensure the segregation of the nonacid from the possibly acid-containing water streams. 
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Acidic Waters. Any potential HF-containing water streams (rainwater runoff is the acid 
area and wash water), heavy hydrocarbons, and possibly spent neutralizing media are 
directed through the acid sewer system, to the neutralizing basins for the neutralization of 
any acidic material. In the basins, lime is used to convert the incoming soluble fluorides to 
CaF (2). The CaF (2) residue can be used in the Steel Mills as a flux agent. 

Nonacidic Waters. The nonacid sewers are directed to the refinery waste water disposal 
system or the API Separators. 

Liquid Process Wastes (Hydrocarbon and Acid). Hydrocarbon and acid wastes originates 
fi^om some minor undesirable process side reactions and from any feed contaminants that 
are introduced to the unit. Undesirable by-products formed in this manner are ultimately 
rejected from alkylation unit in the acid-regeneration columns as a bottoms streams. 

The first step is the disposal of these materials is to direct the regenerator bottoms to the 
polymer surge drum, where the two mixtures separate. The acid and water mixture form 
an azeotrope, or constant boiling mixture (CBM), which is directed to the neutraliidng 
drum (Fig. 1.4.8.) for neutralization of the HF acid. The acid is this CBM ultimately ends 
up as insoluble CaF (2) (as described previously). The polymer that remains in the polymer 
surge dnun is then transferred to the tar neutralizer, where the ft^ee HF acid is removed. 
The polymer can then be disposed of by burning (Fig, 19). However by mid 1980's 
technology and special operating techniques such as internal acid regeneration had 
virtually eliminated this liquid-waste stream, 

5,5,12 Solid Waste Disposal Practices: 

Neutralization-Basins Solids, The neutratization-basin solids consist largely of CaF (2) and 
unreacted lime. As indicated previously, all HF-containing liquids that are directed to the 
neutralizing basins ultimately have any contained soluble fluorides converted to insoluble 
CaF (2), The disposal of this solid material is done on a batch basis, A vacuum truck is 
normally used to remove the fluoride-lime sludge fi"0m the pit. This sludge has 
traditionally been disposed of in a landfill, Ankobra Resources Ltd, will incinerate the 
sludge. 

The disposal of waste generated by the Ankobra Resources Ltd, petrochemical-refinery 
complex is mainly wastewater. Solids potentially will range around two percent of the 
total number of tons generated on an annual basis. 

The wastewater treatment facility will eliminate the need for a significant amount of 
incineration of waste on the proposed site. Catalyst will rejuvenated by shipping back to 
Europe to the manufacturer. 
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General Waste Management Scheme 

Process Gas Liquid Solid Wastewater Flare* Incineration 
Treatmeitt 

HF Alkytation 
Relief Gas x x x 
Refinery Wastewater x x 
Process Sludge x x 
Process Tar x x 
Alumina x x 
Calcium Fluoride x x 
Partial Oxidation 
Wastewater x x x 

* optional for incineration 
Figure 29. General Waste Managemeai Scheme 

Disposal of bottom sludge with No.6 fuel oil consistency is normally formed into a slurry 
for high temperature incineration into the rotary kiln train (Fig. 19). Small amounts of 
bottom sludge is drummed in 55 gallon steel drum, if kiln can bum metal drums or fibre 
paks (pressed paper) are burned in these containers. 

Product-Treatment Waste Solids. The product-treating waste solids originate where LPG 
products are defluorinated over activated alumina Over time, the alumina loses the ability 
to defluorinate the LPG product streams. At this time, the alumina is considered spent, 
and it is then replaced with tresh alumina. Ankobra Resources Ltd. wiU send the alumina 
to the alumina vendor for recovery. 

Miscellaneous Waste Solids. Porous material such as wiping cloths,wood,pipe covering 
and packings that are suspected of coming into contact with HF acid are placed in 
specially provided disposal cans for removal and periodically burned (Fig. 19) 

5.5.13 Drainage Systems and Stormwater Management: 

Drainage of the entire petrochemical-refinery complex will be a "closed system". The 
"dosed system" includes polypropylene piping for both the waste water and stormwater 
drainage (Fig. 17). 
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Drainage-Operational Phase 

Area of Contamination Effects on Drainage 

Petrochemical-Refinery Complex The Petrochemical-refinery complex will 
consist of a stormwater collection system 
(Fig, 17). AJl rain water collected from its 
streets and bermed tank area is then 
collected, filtered, tested, and finally 
discharge for "cooling" water or incinerated 

The wastewater from the petrochemical-
refinery unit is collected via a "closed 
system", treated by a wastewater treatment 
center. Seventy (70%) to ninety (90%) 
percent of the treated wastewater will be 
used as "cooling" water. The ten (10%) 
to thirty (30%) percent will be incinerated 
on site. 

All streets located within the petrochemical 
-refinery complex will have a "closed 
system" for the collection of stormwater. 

An example as related to socioeconomic impacts associated with wastewater treatment 
plants and related area wide water-quality planning efforts. A conceptual example of direct 
and indirect socioeconomic impacts of a small wastewater treatment plant, taxd their inter
relationship. 

The drainage of rain water through the stormwater "closed system" will not impact the 
petrochemical-refinery complex during the operational phase. There is no contamination 
to the soil surface or ground with a "closed system" with polypropylene piping for 
discharge into the stormwater units and subsequent stormwater batteries for final 
Alteration (Fig. 17) 

5.5.14 Monitoringofall Air Emissions: 

Several operations have been mentioned in the treatment of wastewater, incineration, and 
perimeters around the Ankobra Resources Ltd. site. It has been noted that internal boilers 
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will bum most of the intermediate by products produced by the petrochemical-refinery 
complex. 

The incineration system shown in Figure 19 are the typical components found in most 
incinerators that handles large volumes of waste (liquid/solid/sludge). These units on a 
worldwide basis are monitored by electronic devices,which monitor mainly gases, i.e. 
N0,NO(2), SO(2),NH(3),Hg,H(2)0 and CO (Fig. 20), We have choosen the Opsis 
System, primarily its made in Europe and has such components as an emitter, receiver, 
power supply fibre optic cable, and analyzer (Fig,22). 

The Desonex Process can be used in the electricity power generating station using fijel oil 
as a raw material, while steam is converted into electricity (Fig. 20). The atmospheric 
modelling area will include a computerized air quality monitoring system. Fig 23, to 
monitor all gases being emitted from the plant area. Daily logs are kept on all readings by 
the electronic equipment and analytical data processed by the operator. 

Components of the Desonex Process: 

1. Steam generator 7. NH (3) Injection 
2. Air pre-heater 8. Catalyst Tower 
3. Electric precipitator 9. Heat Exchanger and H (2) SO (4) prod. 
4. Fan 10. Sulphuric acid scrubber 
5. Gas pre-heater 11. Wet electric reheater 
6. Channel Combustion 12 Flue gas reheater 

13. Stack 

The Opsis Computerized Air Quality Monitoring System has a range between 300 to 800 
meters in length. Data collected by this monitoring system will enable the Environmental 
Enjpneer to compare the baseline with the operational phase of gases being emitted. 

5.5.15 Air Quality Modelling and Predictions of Ambient Air Quality Conditions 

Ankobra Resources Ltd has presented a case study of a refinery complex with the basic 
processing equipment and petrochemical production of methanol. This case study used 
various atmospheric difiusion modehng to determine air quality impacts. 

Comparison by Processes 

Kingspon, Tennessee Sdumdi Expon Processing Zone 

Crude oil distillation to produce the major fractions Same 

Vacuum distillation of the crude oil still bottoms Visbreaker 
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Catalylic coking of the heavy bottoms of the vacuum 
still 10 produce coke, gas. and gasoline 

Catalytic cracking of the heavy gas oils from the crude 
oil siill and the vacuum still overhead lo produce Light 
oil and gasoline 

Hydrogen treating to saturate the middle disiillaic from 
the crude oil still to produce l i^ l fuel oil,dicsel fucl.and 
kerosene 

Catalytic Rcfonning of the heavy nai^itba to inxxhice 
gasoline 

A gas plant to purify liquid petroleum gas (LPG) and 
fuel gas from the light na[ditha off the crude still and the 
topsoff other units 

Gasoline blending operations 

Elemental sulfur prochiction from the hydrogen sulfide 
off gas streams 

Sulfuric acid production in a contact add plant 

Coal fired boiler 

FCC unit 

FCC unit 

Hydrodesulfurization Unit 

Catalytic Reforming Unit 

Syngas conversion 

Gas-Concentration Unit 

UCH>*Merox Process 

Acid neutralization and caustic 
regeneration section 

Fuel oil (No. 2) 

Major Pollution Units 

Kingsport, Tennessee 

sulfur plant 
sulfuric acid plant 
Catalytic C(*er 
Catalytic Cracker 
# 1 Boüer (coal fired) 
#2 BoUcr< coal fired) 

Sekondi Export Processing Zone 

1. None 
2. None 
3. Yes 
4. Yes 
5. #1 Boiler (fuel fired) 
6. # 2 Boiler(fuel fired) 

The following simplified case study illustrates the results of the diffusion modeling 
[Quired for the air quality impacts analysis for a prevention of significant deterioration 
process. 
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Plant Site Description and Selection 

Kingsport. Tennessee 

1. refincnr-complcx located near a large 
chemical facility on the ceniral section 
of an island 

Sekondi Export Processing Zone 

refinery-complex has a pelrochemical 
unit on rou^y elevated level soil 

2. island surrounded by a large river on one 
side and a channel on the other 

3. is served by a rail and highway facilities 

4. hilly terrain surrounds the area with 
prominent ridges running in the 
northeasterly-southwesterly direction 

3. small city lies mostly northeast of the 
island 

No creeks, lakes, or rivers located on 
the proposed site 

is served by a rail and highway facilities 

terrain basically level.but elevated as 
as compared to the nearest village 

Anoe Village approximately 300m south 

The Kingsport,Tennessee area is a Class II Air Quality Region for PSD analysis. 
Increments listed in Table 2.7 are, ihereforejn effect. There are several monitors In the 
area which maybe used for establishing the baseline. It maybe assumed that the highest 
concentration measured at available PSD monitors in the are will set the baseline 
concentration. 

Table 2,8 lists both growth and credit sources Sulfur dioxide monitor # 47-163-0009 is 
closest to the refinery-chemical complex and data from this monitor is used in Table 2.10. 
Latest available data taken fi-om two sulfur dioxide plants monitorsjncluding the one just 
mentioned, follows in Table 2.9, 

5.5.16 Meteorological Data: 

Surface meteorological data is available for the area from the station location at the Bristol 
Tri-Cities, Airport in Tennessee. This station is about 12 km east by northeast of the plant 
she. 

5.5.17 Modeling Results: 

The goal of the modelling exercise is to determine the increase in ground level S0(2) 
concentration for 3-hs,24-h, and annual averaging periods and also it determine the 
total ambient air impact after the new plant begins operating. The desired results is that the 
increase in ground-level SC>(2) concentrations for each averaging period should be less 
than PSD increments shown in Table 2.7, and the total ground-level SO(2) should be less 
than the National Ambient Air Quality Standards (NAAQS) for SO(2). 
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The goal is accomplished by setting up two source groups,one group being the existing 
PSD sources listed in Table 2,8 alone (hereafter referred to as the "OLD group") and the 
second group being all the PSD sources, including the new sources Hsted in Table 2.6 
(hereafter referred to as the "ALL group). The maximum S0(2) concentration for each 
averaging period at each receptor location at each receptor group in the OLD group is the 
"PSD increment" that is being refemred to. 

Also, the appropriate monitored ambient air concentration at Sulftiric Dioxide monitor # 
47-163-0009 at Kingsport (which is the" background" S0{2) concentration) has to be 
added to the maximum total of S0(2) concentration in the ALL group and the result has 
to be compared to the NAASQ standards to make certain that there is no violation of 
those standards. 

A rectangular coordinate system was used. The grid set up by using the plant center and 
extending a grid 10km in each direction from this point. A grid spacing of 200m was used. 

Results are presented in Table 2.10. In the last column of the table,the measured impact of 
S0(2) at the monitor (1), is added to the highest impact from the "old" and "new",i.e 
ALL group,sources. This sum is then compared to the NAAQS. In no case is the ambient 
air quality standard (NAAQS) exceeded. 

Also, when the maximum calculations done by the ISCST model indicate no violations. 
Thus, it could be concluded that the air pollution control provided by this plant is adequate 
to prevent significant deterioration of ambient air quality. 

5.5.18 Ankobra Resources Ltd. Project: 

The Kingsport,Tennessee case study was presented, (1) similar processing equipment,(2) 
similar product line, and (3) both projects have methanol production as a petrochemical. 
Kingsport,Tennessee project is using coal fired vs fuel oil as the primary energy source in 
the Ankobra Resources Ltd. project. 

Takoradi Air Force Base Air Quality Parameters 

Aunosi^ric Gases Predictive WB/USA/Can Ghana EPC 

NOx Emissions 
hourly-ng/L 
daily-1/d 

<100 
6.3 

Ambient 
annual/average 
24-hr.averagc-

- ug/m(3) 
ug/m(3) 

31.3 
36.5 320 
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SOx Emissions 
hourly ~ ng/L V2.7 
daily - t/d 5.5 

Ambient 
annual/average- ug/m(3) 20.5 
24-hr. average- ug/m(3) 23.9 

Suspended Particulates 

Emissions 
hourly - ng/L 4.9 43 

AmtMcnl 
annual average- ug/m(3) 0.7 50-100 
24-hr.averagc- ug/m(3) 0.8 150-500 

Carbon Monoxide 
Ambient 

annual average- ug/m(3) 0.004 

200 

260 

10 

The Takoradi Air Force Base Air Quality Parameters shows the predictive for air quality 
in the area near the Takoradi Air Force, Ankobra Resources Ltd, proposed site within the 
Sekondi Export Processing Zone should be within 15 km of the base. The Ghana EPC 
limited have been shown for NOx, SOx, Suspended Particulates, and Carbon Monoxide. 

Steam emissions are used by the electrical power generating unit and condensation (water) 
recycled during the process in the Ankobra Resources Ltd. project. The Rectangular 
Coordinate System will be used by Ankobra Resources Ltd. 

Ankobra Resources Ltd. with similar processing equipment and methanol production 
should be close to the NAAQS results of the Kingsport.Tennessee project. Therefore, the 
Ghana EPC limits will be obtainable by the Ankobra Resources Ltd, petrochemical-
refinery complex, proposed for the Sekondi Export Processing Zone. 

5,5.19 Marine Investigation; 

Marine investigations revealed that the Sadinetla species and shrimping industries are very 
important to the local economy. The fraj^le marine and coastal ecosystems are identified 
as sensitive areas that are subject to coastal erosion and the effects of marine-based 
pollution, as well as the effects of land-based activities. 

Coastal waters are those waters less than 5 5 m in depth and which have a salinity 
> 1500mg/L. There is a known aquatic spawning area in the Gulf of Guinea, located south 
of the coastline of the proposed site for Ankobra Resources Ltd. within the Sekondi 
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Export Processing Zone, The aquatic spawning area roughly begins at the 100 fathom 
level in the gulf of Guinea, Figure 32, Aquatic Spawning Area. 

5.5.20 Single Point Mooring System(SPM): 

The single-point mooring system will be located downcurrent of the important fishing 
grounds and aquatic spawning area. Location, north,!atitude 5",south, latitude 4" 55' and 
west, longitude 1" 45' and east, longitude 1" 40' within the Gulf of Guinea. 

A double-walled hose will be fitted to the single-point mooring system (SPNf), These 
double watts contain an alarm system to reduce the risk of total hose failure connected to 
the single point mooring system. 

6.0 Mitigation Plan: 

Mitigation plans are primarily for the air emissions and for the protection of the aquatic 
life in the Gulf of Guinea The Anoe Village, 300m south of the petrochemical-refinery 
complex, air emissions are a concern of the project and it effects on the population. 

6.1 Air Emissions: 

Most of the air emissions are noted during the alkylation and polymerization process. The 
relief gas scrubber piped to a refinery flare system or on-site incineration process. Acid 
neutralization and caustic regeneration section, relief gas scrubber is vented to flare header 
or on-site incineration system. 

Neutralizing Basin, gas emission to vent scrubber. The vented gases can be piped to an 
incineration unit to be burned. Excess air vented from the disulfide separator drum can be 
piped to an incineration unit to be burned. Hydrogen production unit, vented acid gas 
piped to an incineration unit to be burned. 

Shell partial oxidation process, clean gas vented fi^om the cooler/scrubber column can be 
piped to an incineration unit to be burned The incineration of ofF-gas will greatly reduce 
the potential of air pollutants at the petrochemical-refinery complex. 

Gas Emissions 

Unit Gas Emissions Flare 
Alkvlation relief gas X 

Acid neutraliwition relief gas X 
Neutralizing Basin gas-vent scrubber 
Disulfide Separator excess air 
Hydrogen Production acid gas 

Scrubber Incineration 
X 

X 

X 

X 

X 
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6.2 Aquatic Conditions: 

The mitigation plan for aquatic conditions include, (1) understanding the basic Benthos 
community, (2) placing single-point mooring system(SPM) downcurrent of the aquatic 
spawning area, and (3) place intake pipe of desalination of seawater in distance less than 
the output pipe of wastewater discharge. 

The single-point mooring system (SPM) will be downcurrent of the fish spawning area 
Figure 32, shows the activity of currents in the Gulf of Guinea. 

The seawater intake for the desalination process at a minimum bottom depth of 6m. 
Approximately 1200m long intake pipe for the desalination process will be used for the 
petrochemical-refinery complex. 

Wastewater discharge piped approximately 600m long from the fand based petrochemical-
refinery complex. Approximately minimum velocity discharge rate of 2 m/s (Fig.31). 

Discharged Water-Gulf of Guinea 

Point of E>ischargc Predictive WB/USA/Can Ghana EPC 
Gulf of Guinea 

salinity (ppl) 55 • 5 above ambient 
Tmax (deg.C) 40 at beach 

6.3 Social MitigaHon: 

Anoe Village, located 300m south of the proposed petrochemical-refinery site and is not in 
the 100m range to be considered a significant factor. Social mitigation includes a Joint 
Venture Partnership to start an agro-business, initially with egg layers and boilers. 
Education for school age children of Anoe Village is a part of the social mitigation plan. 
A progressive educational scheme, development of students in vocational trades,to serve 
in support industries for commercial and industrial operations. 

6.4 Residual Impacts After Mitigation: 

The residual impacts after mitigation include (1) air emission, (2) aquatic conditions,and 
(3) social mitigation. Residual impacts for air emissions include reduce gas emissions in 
terms of NOx and SOx emissions. 
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The residua] impacts of aquatic conditions involves the discharged wastewater from the 
land based petrochemical-refinery complex. Samples of seawater and Benthos community 
as an ongoing aquatic study with the assistance of University personnel to determine the 
extent of the residual impact. 

Residual impacts after social mitigation,will have to be monitored by, Vice-President, 
Human Resources-Community Development,Ankobra Resources Ltd. to determine, (1) 
social welfare, (2) health of the community, (3) occupational levels, and (4) agro-business 
activities. Social welfare of the Anoe Village people includes overseeing housing (if appli
cable) and educational development. 

Through the Human Resources-Community Development Officer,health of the community 
is a priority and all health issues are presented to the Director of the Medical Center. The 
health conditions of the Anoe Village people will be a part of the general baseline data 
gathered initially during the PreConstruction phase. 

It is the objective of the petrochemical-refinery complex, to employ 80% to 85% of the 
indigenous qualified individuals with good health conditions to permit such employment. 
The Joint Venture Partnership should be able to employ about 90% of the residual 
members of Anoe Village. 

Agro-business activities can employ both males and females, even with some medical 
conditions not acceptable at the petrochemical-refinery complex. The egg laying and boiler 
business can be expanded to several regions in the Republic of Ghana in a 3 to 4 year 
period of time. 

6.5 Cost of Mitigation Measures 

Estimated Cost of Mitigation Measures 

Mitigation Measures Impact Arca(s) Estimated Cost 

Incineration Unit air emission $ 19,000,000 
OpsisSyaem air emission % 1.000,000 

(incineration unit) 
Qpsis System gaseous emission S 1.000.000 

(power generation) 
Desalination S)$tem aquatic environment S 4.000.000 
Wastewater Discharge aquatic envinanment S 1.500,000 
Dock and SPM aquatic environment $ 100,000,000 
Agro-business Anoe Village Ï 500.000 
a. buildings Anoe Village S 200.000 
b. egg-layer stock Anoe Village $ 30.000 
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c. boiler stock 
d vehicles 
e. feed 
t equipment 

Anoc Village $ 40.000 
Anoe Village S 100.000 
Anoe Village $ 10.000 
Anoe Village $ 100.000 

7.0 Environmental Management and Training: 

Environmental management at the proposed site involves the füll scope of the land based 
petrochemical-refinery project It involves the aquatic conditions of the Gulf of Guinea 
in relations to the desalination process, discharge of wastewater, and loading and 
unloading of crude oil and petroleum products at the SPM location. 

7.1 Personnel Requirements: 

Ankobra Resources Ltd. petrochemical-refinery complex has planned an esfimated 350 to 
400 workers for the entire operation. The petrochemical-refinery complex will have an 
Environmental Engineer in charge of environmental activities. 

An Environmental Engineer, assumes the responsibilities of the impacts related to the 
air,land, and water. Supervise all monitoring stations involved in air emissions, land 
contamination-hazardous waste, and water quality/wastewater discharge activities. 

Monitoring and sampling of air, as an air quality requirement within the primary 
processing zone. Also, monitoring areas to determine the noise level greater than 55dBA 
to 85dBA Vibrations are to be monitored on a station to station basis. 

The Environmental Engineer, has the responsibility to identity areas within the biomes 
premises of the petrochemical-refinery site that are considered as causative agents for 
diseases. Those diseases that are potentially threatening the Public Health of the area. 
Many diseases are debilitating and caused negative economic trends in the area or region, 

7,1,1 PreConstruction 

Duties of the Corporate Environmental Scientist during the PreConstruction Phase is to 
design an Environmental Study, i e, air monitoring /sampling,noise monitoring, vibration 
analysis/monitoring, land -soil samples and gridding of area, and Botany-Zoology study in 
terms of breeding areas,and alternate sites of habitats. 

The Corporate Environmental Scientist, designs the information and data base to provide 
its required environmental report to the Ghana EPA, An understanding of the 
Environmental Report is the responsibility of the Corporate Environmental Scientist to be 
submitted to the Ghana Environmental Protection Agency. 
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The Corporate Environmental Scientist, wi!! develop the environmental study on the 
Benthos community of the Gulf of Guinea Specifically, the areas of aquatic spawning for 
the PreConstruction (baseline). Construction, Operating, Decommission, and Post-
Decommission phases. Parameters from the Ghana Environmental Protection Agency will 
be used to meet the criteria for the environmental study. 

7.1.2 Construction Phase 

Both the Corporate Environmental Scientist and Environmental Engineer will work to 
generate models for (1) air quality, (2) noise, (3) vibrations. (4) dust, (5) aquatic spawning 
area(s), and (6) Anoe Village During the construction phase, the Corporate 
Environmental Scientist will work with the V P. Human Resources and Community 
Development to provide a model for its environmental issues, {1) air quality, (2) noise, 
(3) vibrations, and (4) dust in the Anoe Village area. 

The community development scheme, includes better health conditions for the Anoe 
Village people. Monitoring of the environmental impacts is one method of reaching this 
goal throughout the life span of the petrochemical-refinery project. 

7.1.3 Operation Phase 

During the operational phase, environmental management includes the following, 

I. monitoring air, noise, vibrations, hazardous waste disposal 
practices,flora & fauna,Benthos community 
(specifically spawning area) water quality and water 
discharge. 

2. sampling 

3. recordkeeping 

air, hazardous waste or materials (analysis),water quality 
samples,waste water samples, and offshore activities 
i.e. discharged wastewater around aquatic spawning area, 
and water in the SPM area. 

residual or ash from the high temperature incinerator, 
benzene as an intermediate chemical,stormwater before 
and after final discharge or incineration. 

recordkeeping is a vital part of any enviromental manage
ment program. Correlation of data in each phase of the 
project is essential in the development of a program that 
will meet the environmental factors, i.e air and water 
quality, marine environment, wastewater,and hazardous 
disposal. 
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7.2 Training Needs 

All personnel directly involved in the monitoring and sampling of various environmental 
areas will have training needs specific to the responsibilities and duties of the individual. 
Those major areas of training and associated duties have been listed below. 

Corporate Environmental Scientist 

Environmental Engineer 

Environmental technician 

areas of training inclusive of procedure 
and methodology of air, water quality, 
waste water discharge sampling. Gridding 
and sampling of soil on an internationally 
accepted basis Offshore sampling of water 
and modeling for aquatic spawning areas. 

major areas of training includes knowledge 
of all processes with air emissions,water 
discharges, and chemicals or materials as 
residual discharge. Engineer must receive 
training on hazardous waste disposal, 
specifically high temperature incineration 

major areas of training includes knowledge 
of all processes for air emissions,water 
discharges, and chemical or material as 
residual discharges. 

Technician must receive training on 
hazardous waste disposal, specifically 
high temperature incineration The 
Environmental Technician will have the 
responsibility of physically taking samples 
and gather data from various monitoring 
stations. 

7.2.1. Environmental Management 

Environmental Management consist of managing sections of the petrochemical-refinery 
complex that involves air emissions, chemical residuals or materials, water quality, waste 
water discharge, noise, vibrations, oflshore-Gulf of Guinea, i, e. Benthos community and 
potential areas of contamination, and hazardous waste disposal. This type of management 
is accomplished by daily monitoring of air emissions (electronic equipment), chemicals or 

7-2 



materials (sampling on a scheduled basis), water quality (monitoring and sampling), waste 
water discharge( monitoring/sampling), noise (monitoring/recording data), vibrations 
(monitoring/recording data), offshore-Gulf of Guinea (monitoring/sampling and recording 
data), and hazardous waste disposal( monitoring/sampling and recording data) All 
monitoring, sampling, and recording data shall be established either on a daily,weekly, 
monthly, quarterly, semi-annually or annual basis. 

Noise; 
Direct and Indirect Impact for the Undertaking 

PreConstruction 

Construction 

noise levels are amhient during the pre construction phase of 
tbc project. Boundaries csiaUished at ihe pehmeicr of the 
pelrochemical -refinery complex to locate noise receptors. 
[>osimeters used to record the ambient noise \e\e\ on the 
)Ht)posed project site 

all noises receptors sites monitored on a daily basis. The 
dosimeters used on a daily basis per the planned sites and 
specific limes during the construction phase. Daily logs are 
a part of the activity to include ne^ly summarizalions to 
determine times and areas to reduce noise. 

Operation a noise abatement fMogram includes office noise,processing 
equipment noise, control room noise, and perimeter noise.The 
coirmiimily noise receptors will be placed to detect noise 

Perimeter noises between 55dBA to 85dBA- Daily logs 
are kept on noises in the community as part of the 
abatement program. 

Decommission 

Post-decommission 

removal of plant processing cquijMnent (i.c distillation 
to»'er(s). FCCunit. Visbrcaker.and Unibon) will chminalc 
the potential of generating any noise.except ambient noise 
levels. All modular units are removed bv hca\'y equipment 
or helicopter (s), no high explosives will be used. 

noise receptors will remain in place. Personnel will bt used to 
monitor the area for about a six month period of time. Survey 
of alt logs from the monitoring activities during this period of 
time will be analyzed for ^jnormal noise paUems or peaks of 
noise. Community monitors will remain in place and 
personitel will survey all logs on a scheduled basis. 
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Ankobra Resources Ltd. has presented a case study,"Installation Compatible Use Zone 
(ICUZ) Program for Military Installations, in relations to land use and defining of the three 
primary zones. Noise incompatibility (in relation to land use) at a military installation is 
addressed by means of a land-use planning effort known as the "installation Compatible 
Use Zone (ICUZ) Program, 

The ICUZ zones are delineated in Table 9.7. An ICUZ study involves the identification 
and control of noise impacts through the preparation of noise-zone maps of the installation 
existing and fiiture noise environment, analysis of land -use compatibility problems and 
sotutions,including (1) identification of existing incompatible land uses within zones II and 
III, (2) identification of possibly incompatible land use within zones II and in;and 
(3) identification of desirable land uses within zones 11 and III; review of installation 
master plans to ensure that existing and fijture facility sitting is consistent with the noise 
environment, and the identification of noise sources that create impact,along and the 
programming of resources for noise-impact reduction (U.S. Department of the Army, 
1990, Fittipaldi et al,1988). 

Housing, schools, medical facilities, and other noise-sensitive land uses should be sited 
according to the following principle: 

1. ICUZ zone I, acceptable 3. 

2. ICUZ, zone II, normally unacceptable 

Table 9.7 

ICUZ,zone III,unaccept^le 

ICUZ Noise Zones 

ICUZ zone 

Percentage 
population 
highly approved 

A-weighled 
day-night 
sound te\-el 
ADNL (dBA) 

C-weighted 
day-night 
sound level 
CDNL(dBC) 

<15 <65 <62 

n 15-39 65-75 62-70 

III >39 >75 >70 

Source: U S Dcpanment of the Amiy, 1990. p.44 

The primary means of noise assessment at a military installation should be by mathematical 
modeling and computer simulation Simulations will normally be summarized using the 
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annual average DNL. Separate,overall A-weighted noise-zone maps expressed in A-
weighted DNL (ADNL) and C-weighted maps expressed in CDNL should normally be 
prepared for each major noise source. 

All maps should be labeled using the zone designations I, II, and III. In locations where 
the DNL is determined by a few infrequent, very high-level noise sources (for 
example,blasts with C-weighted sound exposure levels in excess of 110 to ! 15 dB A), the 
contour map should be supplemented with descriptions of these single events and potential 
community reaction (US Department of the Army,1990). 

Table 9 8 shows typical energy-equivalent noise levels at construction sites. Table 9,9 
contains information on noise levels observed 50ft from various types of construction 
equipment. 

These levels range from 72 to 96 dBA for earth-moving equipment, from 75 to 88 dBA 
for materials-handhng equipment, and from 68 to 87 dBA for stationary equipment, 
impact equipment may generate noise levels up to 115 dBA (U,S. EPA,1972). 

Both Table 9.8 and Table 9.9 indicate increased noise levels during the construction phase 
of the project. Table 9 9 indicate noise levels at fifty (50) feet distance and Anoe Village is 
approximately 300m south of the proposed construction site Therefore, the local 
population will be not be affected by noises other than during the construction phase. All 
processing equipment to include the wastewater facility not greater than 65dBA(zone I), 

Vibration: V 
Direct and Indirect Impacts to the Undertaking 

Pre Conslruaion seismic activities will enable the structural engineers to evaluate the 
subsurface morphology. During this time, active vibration areas will 
be detected and logged. 

Construction pre-construction activiljes such as seismic activities uill detect areas 
with litholog.v that reduce the potential for vibrations. Concrete 
anchors on solid base rock such as volcanic rock will further reduce 
the potential of vibrations. Foundations of portland cement placed on 
concrete anchors contribute to a solid surface area 

Operation vibration analysis are routine in terms of fatigue of process equipment 
and the safety of the emplo)'ces. Safety engineers logs are vital to the 
knowledge of fatigue problems with processing equipment 

Decommission removal of processing equipment will eliminate the potential of 
vibrations at the petrochemical-refinery site. Vilwations monitors 
[sovide data or patterns of vibrations to determine the ambient 
level. 
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Post-decommission all vilsaiions monitors are checked on a scheduled basis The 
data recorded serve as a future reference in terms of building during 
construction activities. Personnel will be used to monitor for 
vitM^ons up to a six month period of time. 

7.3 Odor 

The Ankobra Resources Ltd. project is primarily a crude oil refining and methanol 
production unit. Refinery gases are a source of raw material for petrochemicals, high 
octane gasoline, and organic synthesis of alcohols. 

Refinery gas, a mixture of hydrocarbon gases (and often some sulfiir compounds) 
produced in large scale cracking and refining of petroleum. The usual components are 
hydrogen, methane, ethane, propane, butanes, pentanes, and small amounts of other 
components such as butadiene. 

Methanol (methyl alcohol): 

Properlies: 

Clear, colortess, mobile highly polar liquid, miscible with water, alcohols, and ether. 
D 0.7924, iÏD -97, bp 64.5 C, bulk d 6.59 ib/gal (20C),refr index 1.329 (20C), 
surface tension 22,6 dynes/dm (20C),viscosity 0.00593 poise (20C),vap. press 92 
mm (20C), flash p 54F (12.2C), autoign temperature 867F (464C). 

The properties of methanol does not indicate an odour in its properties. The 
petrochemical-refinery complex will refine sweet crude with low sulfitr content.which 
means a significant reduction in odour. 

Benzene: 

There are several methods to produce Benzene an intermediate chemical (!) 
Hydroalkylation of toluene or pyrolysis of gasoline, (2) transalkylation of toluene by 
disproportionation reaction, (3) catalytic reforming of petroleum and (4) fi-actional 
distillation of coal tar. 

Properties: 

Colorless to light-yellow, mobile, non-polar liquid of high refractive nature,aromatic odor; 
vapors bum with smoky flame, bp. 80 I C;fp. 5,5C,d. 0,8790 (20/4C); wt/gal 7.32 lb; 
refi- index 1.50110 at 20C, flash p 12F (-1IC), surface tension 29 dynes/cm. Autoign 
temperature I044F (562C) Miscible with alcohol,ether,acetone,carbon tetrachloride, 
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Table 14.8 Odoi T luo iho ld i in A i r ' 

Conipoumi ppm Compound 

Ni|fo<)Bn. K, 
lnygen, O., 
Argon, "At 

Wnlo' vaptif. H,0 
Carbon dloïide, COj 
Noon, N B 
Helium. 'H9 
Mclhane. O'' 
Kryplon, Ki 
Hydrogan. H, 
Nilrous OÏIJB, ^J^0 
Carbon monoïide. CO 
Xonon, Xa 
O^one, O] 
Nlliogon dioïtdo, NO, 
Niiric ni ldf, NO 
SuKur diomdo. SOr< 
Hyd'Ogon auMido, H,R 
Arnmonia. NH, 
FomialdohydB, CH,0 
Nildc acid. HNOi 
Methyl chlo'ido. CHjCt 
Hvd'OChloiic arlrt! HCl 
Caibonyl sullido. COF 
Fteon-n.CFCIj 
Fioon-lï. CFjOj 
Caibon lelincniotion. CGI. 

O T8I (In dry Bit", 
0.209 (in dry aii) 
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(In dry air) 
Up In 4 X l Ö ' 
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Up l o a -^ 1 0 - ' • 
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I j p1n2 x ' i a - ' 
Uplo 1 X 1 0 - ' 

.Up l o l X 10-* 
6>;J0- . 'V , . . 

J A J I O - " •••••'.• 
. .>, "X l O - ' " 
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1.4 x ' l O " " 

ppm 

Acclaldehyde 0-21 n i i y l i c i y l a i c 0.00047 

Accl iu acid 1,0 El l iy l meicnptan O.OOl 

Acetone 100,0 pi i imaldchyde 1.0 

Acrolein 0.21 l l yd ioc l i l o i i c acid gas 10.0 

Ac iy io i i i l i i l e 21.4 Mc 1 ha nol 100,0 

A l ly l chloride 0,47 Methyl chloride (above 10 ppm) 

Amine, d imethy l 0.047 Mi ' l hyknc chloride 214.0 

Amine, monomet l iy l 0-021 Mr lhy t « l l iy l fcelonc lO.O 
Amim; , l i i i i i c t l i y l 0.001^21 Mi-lhyl m i l i i j t y l kcloi ie 0.47 
Ammonia 46.8 Mi ' lhy l meiL-aptan 0.0021 

Aniiinc 1.0 Methyl mï ihacry la le 0.21 

llenzene 4.6R Mimochlo iobcnicne 0.21 

ücnzyl c l i lo i iJe 0.04 7 Ni l rubcnïcne 0.0<M7 
Den^yl tull ' ide 0.0021 i ' j tac ic ïo l 0.001 

Dromine 0.04 7 r j i axy lcne 0.47 

Butyr ic acid O.OOl PetchlorOïiJiylene 4.68 

Carbon di&idfidc 0.21 r i icnol 0.047 

Carbon [e t i i ck lo i ide 21.4 riuURene 1.0 

(c l i lo i ind l ion of CS j ) l'linsphmc 0.021 

C i rbün tcltacli lorlde lOO.O Pyridine 0.021 

(c i i lo i inat ion o f C l I j i ) Slyrcne ( inhibi ted) 0.1 

Oi lora l 0.04 7 Slyiene ( i in inbib i lcd) 0.047 

Gdücine 0.314 Sulfur dicl i lnrlde O.OOl 

Dimetl iy lacctamidr 46.8 SiilTur dioxide 0.47 

Dimelt iy l furmamide 100-0 Toluene ( f rom coke) 4.6B 

Dimelhy l sulfide 0.001 Toluene 2.14 

Dipl iei iy l utlicr 0,1 ( from pcl ro lc i im) 

(Peifume Grade) Tolyicnc diisocyanale 2.14 

Dipl ienyl i i i l f idc 0.0047 TrichlnrocilLvlene 21.4 

l i t l ianol (syi i i l iut ic) 10.0 

Composll sri of ttopoiriharlc 

Gas 

• 1 . sri of ttopoiriharlc 

Gas .'oiiinia [jTininĵ  '"'Ie 

iEure 10. Tabic 14.8 Odor Threshold Air 



caibon sulfide, acetic acid.sUghtly soluble in water. 

The term aromatic, a major group of unsaturated cyclic hydrocarbon containing one or 
more rings, these are typified by benzene which has a 6-carbon ring containing three 
double bonds. The vast number of these compounds of this group derived chiefly fi-om 
petroleum and coal tar rather than highly reactive and chemically versatile. 

The name is due to the strong and unpleasant odor characteristics of most substances of 
this nature. Certain 5-membered cyclic compounds such as the furan group (heterocyclic) 
are analogous to aromatic compounds. 

Direct and Indirect Impacts to the Undertaking 

PrcConslniction 

Discolonilion 

sur\e>' of the acreage in tenns of odor is performed during the jwe-
conslruction phase Odors can be persistent and nasal sensoi>' 
discomfort on nausea to the worker and the communities. 

of areas within the sur\c> will enable the suncjing team to possibly 
locate any potential site of odora. 

Construction construction activities will nol involve any chemicals,open burning 
of materials or waste with the atHlily to generate an odor Use of 
chemicals in the consiruciion phase will be very limited 

Operation any use of chemicals will be in a closed system. Loading and 
unloading of chemicals from a railway tanker and tank trailers 
will be properly vented. 

railways and lank trailers loading include docking areas with 
'spill pans' leading to a concrete sump lined with polypropylene 
drastic) to control odors and safety of workers. 

Decommission removal of storage facilities of both crude oil and petroleum 
products will eliminate Ihe potential of odors. Remmal of in-plant 
pipelines for crude oil and petroleum {»oducts \«ill further reduce the 
risks of odors Back fill areas with ne\̂  soil and clay to background 
level 

Post-decommission all meteorological factors, specifically wind directions are monitored 
in case of odors being emitted after decommissioning of the storage 
facility Visible discolorations of the soil will be monitored on a 
scheduled basis. 
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7,4 Water Quality 

Water quality has to be maintained from the PreConstruction phase to the Decommission 
phase of the project. The quality is for drinking and industrial uses in the project. 

Direct and Indirect Impacts of the Undertaking 

PreConstruction no on-site wells drilled for drinking water, process or waste water 
treatment faci!it>'. Project will use the desalination process to purify 
water drawn from the Gulf of Guinea. 

Constraction project will use a 25.(M)() gallons per day mobile water purification 
system, 

Operation I»X)jecl will use tbe desalination process with a capacity of 1.0 io 1.2 
million gallons per day. All waste water will be treated by a w^ste 
water ircalmcnt facility before being discharged into the Gulf of 
Guinea 

Decommission dismantling of the desalination process may not be needed.since 
the prices will benefit the local population in terms of punficd water 
for human consumption. The unit will be dismantled only if the unit 
is not repairable or political comfriications arc present. 

Post-decommission design of the desalination system using a reverse osmosis process 
will allow ultra-pure water to be generated. The recycled W3ter can be 
used for agncullure purposes. 

7.5 Wastewater 
Direct and Indirect Impacts of the Undertaking 

PreConstruction wastewater generated during the actual prcconslruciion phase 
Small incineration units used to incinerate wastCHaler as 
generated. Also, electric toilets used for human waste. 

Construction poTtaUe housing units a\'ailable to include ofFices.sIeeping 
quarters.mess hall, portable water purification system.and 
incineration umts for waste to include water. 

(^ration a waste water treatment facility to handle all waters to 
include process watcr.drinking watcr.and sanitary sewer 
liquids. CW-spccificalion waste water that cannot be recycled 
will be incinerated. 
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Decommission the wastewater treatment facility to due age of unit or cease to 
function as designed. The main housing units for workers will 
be in existence and a use for such s>'Stem. I ^ t ^ r disposal of 
metal contents cither for recycling or proper disposal in 
appnned landfill. 

Post-decommission any decommissioned wastewater treatment facility will be 
replaced since a housing community will be in existence 

7.6 Land Assessment 

Direct and Indirect Impacts to the Undertaking 

PreConstruction land use in the prc-construction phase includes the stud> of 
the subsurface morpholog>. These aclmlies arc accomplished 
b> non-intrusive process such as Landsat and seismic 
exercises. Demarcation of the surface is a normal procedure 
for intended conslruclion activities. This process docs nol 
alter the surface morphology or terrain. 

Construction include the removal of various surface elevations for the 
ground work such as the foundation of Portland cement 
Foundation work docs not provide any significant negative 
impact to the demarcated soil area. Various trenches will be 
dug to have cement anchors to support the projea's 
foundation. 

modular units will eliminate the need of on-site fabrication 
and further reduce the risk of soil contamination with 
chemicals.metal chips, oil. and degrcascrs. These units 
will eliminate the need to erect other industries on-site. 
Thus reducing greatly the cumulative effect of soil 
contamination. 

Gyration 

Decommission 

during the operation phase.all modular units will be fdaced 
on portland cement found3lions.concrele catch bQsins,and 
concrete bemis for over flow of spills in the immediate area. 
Stonnwater system, drains and catch basins for raw waier 
lo be treated for re-use within the pclrochemical-refinery 
complex 

removal of modular units by heavy cranes or helicopter to 
include ponland cement slabs. Alt modular units residuals 
removeiflushed wiih the appropriate solvent(s) and the 
incineration of all solids.flushates and liquids on-site. 
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The removal of concrete anchors and decontamination nith 
the proper solvent (s) and incineraied. All trenches and 
exc3\-ated space,badi: filled with clean soil and clay after soil 
sampling completed and approved. 

Post-decommission sampling of surrounding soil surface to determine; if the 
background soil surface is within limits of the newly laid area 
of soil and clay. Landscaping near the natural surrounding to 
include planting trees for wind bamers and potential soil 
erosioa 

7.7 Flora 

Direct and Indirect Impacts to the Undertaking 

PreConslniction the proposed site undergoes demarcation. Presently, no land 
is under cultivation- At least 100 to 120 acres as the primary 
site for the petrochemical'refinery site. 

Construction removal of flora over a 100 to 120 acre site will take place 
in the construction phase. Standing trees spared to remain 
intact in the construction phase. 

Operation all vegetation, trees, and grasses will ha^c undergone 
landscaping activities prior to the operation phase. 
Active cultivation of the natural vegetation,tiecs, 
shrubs, and grasses serve both the visual and functional 
aspects. 

Decommission all vegelation.lrees.shrubs.climbers. and grasses will be used 
as background for newly planted vegetation, trees, and 
grasses should be very similar to the natural setting oS the 
area. 

Post-decommission the post-decommission phase is used to identify the growth 
of the newly planted vegelation.trees.shrubs.and grasses.The 
detection of possible diseases specifically vcgctalion.trees. 
shrubs,and grasses arc made in this phase. The final activities 
to bring the floral (vegetation, trees, shrubs, and grasses) to a 
natural condition. 

The Botany-Zoology Survey, University of Ghana, Botany Department has indicated such 
mammals as the antelopes, durikes, pigs, red river hogs, monogooses, civet, bush babies, 
and Senegal Bush Baby Other mammals noted are rats, mice, giant rats, grass cutters, 
and tree hyrax. 
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7 8 Fauna 

Direct and Indirect Impacts to the Undertaking 

PreConsl ruction the proposed site «ill undergo demarcation. Activities to 
locate any breeding areas for mammals to identify, map 
and re-scttle to a ditTerenl habitat. 

Conslnictioti 

Operation 

Decommission 

Post-decommission 

priority to fence area with continuous construction activities 
to reduce risk of accidents »ith mammals. Conclude any re
settlement of mammals to another suitable habitat if 
necessary during the construction phase. 

perimeter area of the primary petrochemical-refiner, complex 
fenced to stop wandering mammals into the work areas. Also, 
(he fenced perimeter will stop nocturnal activity of some 
species of mammals. 

data recorded on activity of local mammals will assist in ttic 
landscaping to ensure breeding areas for mammals are 
protected . Natural \egetation, trees.and grasses should be 
consistent with the needs of the local manunals for both 
feeding and breeding. 

the post-decommission phase is used to idcniiiy the 
mammalian population breeding areas, feeding areas, 
and migratory activities Correlation between llora and 
fauna is needed to plan the ftiture will bring of expected 
mammals in the area. 

7,9 Communities 

Direct and Indirect Impacts to the Undertaking 

PreConstruction identify' the baseline conditions of the nearest communities around the 
proposed petrochemical-refinery complex Anoc Village has been 
identified south of the proposed site for the petrochemical-refmciy site. 

Population 
Children 
Occupation 
Housing 
School 
Health Care 
Major diseases 
Basic Utilities 

387 indigenous people 
^3proximately 80% 
Fanners 
Cinder Block 
Elementary-
Visiting Medical Personnel 
Malaria 
Water yet 
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Notes 



Const mclion 

Operation 

Decommission 

Post-decommission 

Electricity 
Se -̂age 

no 
00 

Basic electricity prmided lo the site by- large generators Removal of 
housing and road building on Ihe south end leading to main Accra 
highway. Activities to build housing,both indigenous and expatriate 
workers. 

company housing both indigenous and expatriate personnel includes 
a wastewater treatment facility. Basic utilities such as 
water, electricity, and sewage as part of the operation pi\äse. 

removal of company housing uith heavy construction equipment. 
Dccontamination of cinder blocks, if needed. Basic uiililiesare 
decommissioned to iiKlude water, electricity, and sewage services. 
Removal of Portland cement type foimdation and remediation of the 
soil 

survey of community site for re-settlemenl of soil and clay Inspect 
(danted vegclation,trees,and grasses for signs of growth to determine 
(he health status. Review landscape activities.deterTnine if contours are 
satisfactory for erosion. 

8.0 Pollutants in Environmental Media,Air, Water.atid Land 

8.1 Pollutants in Environmental Media-Air 

Concentrations of Pollutants 

^reconstruction in ambient air conditions, the trophosfrfierc air contain the various 
gases.water vapor,and chemicals. 

Construction 

Operation 

during the construction period meterological equipment to determine 
wind directions and velocity.precipitation (i.c rain, or hail), on a daily 
basis. Logged data will assist in mapping a pattern of the area-
Emissions arc reviewed from the planned operational [»occss and then 
correlated with the expected emissions from the petrochemical 
process. No pollutants of air are active during the construction phase. 

during the operational phasc.daily checks of valves and the emissions 
system to include both gases and steam will be recorded. Monitoring 
equi[Mnent placed at boundaries of the petrochemical-reflnciy com|riex 
will detect any gases or steam that migrates beyond the perimeter of 
the site. This equipment vt ill monitor all VOC and halogens. 
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Conirol of air pollution will bc accomplished, (I) through the design 
of all units as related to air or gas emissions. (2) benzwie surveillance 
(3) stack monitoring (plumes), and (4) design of gas emitted £rom any 
high temperature incineration unit 

Monitoring of such contaminants as sulfur dioxJde.oxides of nitrogen, 
hydrocartxtn (emission as gases), o/one distuitanccs.oxidants. 
hydrogen sulfidcsmoke. and haze will assist in the reduction of such 
coniamination or gases. 

Electronic instrumentation, on a daily basis, providing graphs and 
chans.arc typical methods in maintaining an acceptable level of 
emissions with either contaminants or gases. Air pollution control 
equipment (cleclroprccipitator, vortex, cyclones and air monitoring 
system on stacks (electromcs). is part of the design for the entire 
plant 

Monitoring of stacks or valves (i.e. release valves) of piping within 
the plant, and recorded data further analyze emissions.to make the 
the corrections .and all emissions to acceptable levels to the local 
EPA. 

Decommission 

Post-<lecomraission 

removal of processing equipment and pipeline will greatly reduce 
the emissions of orgarucs <i c VOCs) from the petrochemical-refinery 
complex site. Removal of the site's incineration tmits will be last to 

further destroy any gases or chemicals that have the ability to 
contaminate the site or may cause medical proUcms to the 
surroiuiding population. 

all monitoring equipment to include receptors will remain in place for 
a six month period of time after comfriete removal of all processing 
equipment and piping. This activity will allow the assessment of any 
residual chemicals or gases. 

8.2 Pollutants in Environmental Media-Water 

Concentrations of Pollutants 

PteConstrxiction activities to include both seismic and landsat during the 
pre-conslruction phase will assist in subsurface morphology and basic 
lilhology presem. The present site has not shown any indication of any 
tributaries on the proposed site. 

both seismic and Landsal activities will assist in the determination of 
under ground tributaries. All of the subsequent activities will be geared 
to the remediation of such tributary or re-directing of such free flowing 
water. 
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Construction 

Operation 

Decommission 

Po5t-<leconunission 

the environmental slud>' during the prcconstniction \«ill include the 
detection of the following: 

Chemical constituents: 
Cartx)hydrdics.Fats. Oils, and grcase.Pesticides 
Rienols^rotcins, Volatile organic compounds 

Inorganics: 
Alkalinity. Chlorides.Heavy metals, Nitrogen,[rfl 
Phosi^rous and SulAir 

Biological constituents: 
Animals.Plants and Protist (Eubacleria,Archaebacteria,and Vinises) 

the construction [rfiase will notencounterany free flow of water. Any 
construction will be to avoid the free flowing of water. All major 
pollutants will be detennined in the pre-constniction phase of the 
project. 

during the operating phase pollutants are monitored on a regular basis 
if present in free flowing or any stagnant waters. 

the main source of water, whether drinking or industrial uses are 
from the Gulf of Guinea A desalination unit will be used to generate 

around 1.2 million gallons per day of fresh water up to the ultiapure 
level Regular chemical aiHl biological analysis performed for all types 
of pollutants. 

All waslcuntcr regularly analyzed both for chemical and biological 
pollutants or contaminants after being processed in the waste water 
treatment system. A "closed system" will be used for both the water 
and waste water systems. 

the desalination unit will be used by the local govenmient, if 
operational and cost effective to continue to operate. The pipeline 
connections to the site will be decommissioned. 

the local communities will benefit from the desalination unit.Pipelines 
com>ecting to public water systems [»tniding fresh water on a daily 
basis. 

Pollutants in the water is greatly decreased by using a "closed system" from intake pipeline 
in the Gulf of Guinea to desalination plant located on the proposed site. A micro-mesh 
screen at the opening of the intake pipeline drawing seawater into the polypropylene 
pipeline system physically remove pollutants at the tnillimeter level. 
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8.3 Pollutants in Environmental Media-Land 

Concentrations of Pollutants 

PreConslniaion both seismic and Landsat activities will enable the geophysical and 
geologist to detennine Ihe fffesent morphology {surface and 
subsurface) 

the environmental study during Ibe pre-constiuction [rfiase to include 
the following: 

Soil chemistry. Soil physics, and Soit organisms 
Dcicction of, sqXic tanks, cespools.h3zardous wastcnonha/^rdous 
waste (brine disposal) land fills.open dufflps.surface impoundments 
waste tailings,animat burials,graveyards, and under ground storage 
tanks. 

Construction 

IXcommission 

Post-decommission 

during the construction pha5c,all morphologies,deformations.artd 
lithologies have been recorded and reviewed by both the geof^ysics 
and geologist. Structural and Soil engineers review the suri'ace and 
subsurface morphology .deformations, aiul the basic lithology to 
flnali/e Ihe basic construction plans. 

Trenches dug diuing this phase to confirm the basic lithology of the 
proposed site. Basic foimdations of Portland cement is laid to 
support the processing units, i.e.almosiAeric tower(s) and FCCU. 

Basically, there will be no use of chemicals or any biologicats in the 
construction phase. The potential for land pollutants in the 
construction phase is very mimmal All proccssmg units are placed by 
heavy cranes or helicopters (industrial). Fuels managed with 
environmental concerns in mind for the constrtiction equipment. 

the land will undergo soil analysis for both chemical and biological 
pollutants during the decommission phase of the project. Removal 
of all processing equipment and recycling of other units or metals 
to be smelted. Landsca[nng of sur&cc to point of the original 
backgjïHmd is the ol̂ ective during the decommission lAasc, 

the post-decommission iriiase vnll include that the properly being 
monitored to include any discoloration of both soils and grasses 
All soil Surfaces returned to its original background level or dose as 
possible to the original background level. 

The major pollutants of the land are chemicals, hazardous waste, and surface water 
coupled with the presence of heavy metals. Air emissions as pollutants are controlled by 
the pollution controt equipment in the refinery, incinerator, and power generating unit. 
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8.4 Direct Ecological Changes, Pollutants Concentrations Affecting Communities 

The direct ecological changes, pollutants concentrations affecting communities will 
involve contaminants of the air, water, and land. Anoe Village is approximately 300m 
south of the primary site for the processing of crude oil and production of methanol. 

Communities 

PreConstraction 

Conslmction 

pollutants concentrations in the jwe-constmction i^se will 
be at the and>icnt level Tor air. Air monitoring units nill be 
employed to determine the actual back ground level. 

There »ill be no direa ecological changes during the pre-
constnjction phase of the proposed pctrochcmical-refinety 
complex. No gases, chemicals, or significant changes in the 
moisture content level »ill take place at this time. 

during the construction phase, fuel emissions from the 
construction equipment »ill be present. There »ill be no 
significant changes in the gases normally found in the 
troi^ospherc. which is the main level of concern. 

Operation 

Anoe Village inhalHtants are at the ground level and should 
be affected by the fuel emissions from the heavy ronstiucUon 
equipment. All modeling studies arc concerned with the 
trot^ospherc and not the ground level air as related to air 
emissions. 

during (he operational phase, there will be no significant 
changes in the trophosphcre due to the presence of 
environmental pollution equipment that »ill significantly 
reduce the emission of gases 

The case study of Kingsport.Tennessce has shown that with 
the proper environment, pollution equipment, gases, i e, 
sulfur dio.\ide can be controlled to acceptable levels in the 
almosF^cre 

Anoe Village is about îOOm south from the primary site of 
processing crude oil EPA procedure indicate that areas of 
lOffim are not to be considered as significant. 

Landscaping include the planting of trees to serve as barriers 
or buffers to include moisture the Anoe Village. A 10m 
rectangular area will be the primarv' area monitored for 
gases. moisturc.and all chemicals. 
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Dccommisston 

PoslKlcconimission 

in the decommission phase, moniloring units will remain in 
place and functioning. Botanical and Zoological specimens 
examined, classirted. and followed up in a six month period 
of time. The general communities topography examined 
and acti\1ties needed to return to original conditions. 

during the post-decommission phase, air models for air 
dispersion perfonncd to insure thai ambient levels of air 
do exist for the communities 

8.5 Direct Ecological Changes,Pollutants Concentrations AfTecting Habitats 

PreConstruction direct ecological changes to the habitats of the proposed site 
within the Sckondi Export Processing Zone is not significant 
durmg the prc-conslruction phase. During the environmental 
$lud>' phase, all habitats will be recorded and activities 
subsequent lo improve conditions before the construction 
I^iase. 

Construction 

Pollutants concentrations in air will be at ambient levels. All 
water will be in a close system and no water well drilled on 
site. Demarcation of land »ill take place during the prc-
constnjction phase. 

the habitats will be affected directly during the construction 
phase of the petrochemical-refmciv complex. Any t^ccding 
areas in the primary zones of construction will be relocated 
(0 an area considered en\ ironmentallv safe. 

Areas of hunting or natural food resources will be dircaly 
affected in the primary construction /one. Habitat areas on 
the 5<M) acres of land »ill be moved to areas isolated from the 
normal business of the petrochemical-refinery complex 

Operation 

Decommission 

during the operation phase.about 100 to 120 acrcas of land 
will be initially used as the primary /one of operation or 
crude oil iwocessing. This 100 to 120 acres will have 
perimeters that arc fenced to show the delineation between 
the i^ant and the habitat areas. 

the decommission phase will bring about a blending of the 
primary petrochemical-refinery /one and the habitat.almosI 
to its natural setting. Planting of natural grasses and trees to 
include landscaping to serve as natural barriers if needed 

8-6 



Post -decommission the area, close to its natural setting Tor the habitat 
should bring back ihc normal functions of brccding,secking 
shelter, and hunting for food. 

8.6 Direct Ecological Changes, Pollutants Concentrations Affecting Flora 

PreConstniction 

Construction 

Operation 

Decommission 

all trees will be carefully ploncd to determine the path of 
construction for the primary site. i.e. the processing units 
(atmospheric toHers,FCCU). The areas of natural grass 
plotted to determine the amount of grasses to be removed 
during the actual construction phase. No significant air. 
water, or land pollutants should effect the flora. 

the construction phase, no significant pollutants arc present 
but some flora will suffer visible ecological changes. 

Natural grasses and vines will be removed during the 
construction phase. The area is not considered a mangrove 
area, area with pristine and dense grawth.not areas adtoining 
mouth of a major river system 

Mapped areas for the primary construction /one will be 
maintained and honored during the construction phase. 
All grasses and trees spared in accordance with the mapped 
area The planting of natural grasses and trees needed for the 
various oxygen, nitrogen, and carbon cycles completed at the 
end of the construction phase. 

the operation phase, flora planted at the end of the 
construction phase, should be \isible and somĉ t hat 
fimctional. Whole trees can be planted to quickly pro\ide the 
natural function of such vegetation. 

Air pollution control equipment uill significantly reduce any 
ga5cs.chemicals. and steam All steam will be used in the 
generation of electricity. 

An ongoing environmental study of the area will be the 
monitoring of the flora of the entire 500 acres of land. The 
unused acreage serving as the control areas and the 
surrounding primary /one flora as the study area The con-
conccntralioiis of pollutants in the operation phase should be 
within accept^le limits. 

during ihe decommission phase, a stud> will be made to 
determine the present baseline condition. Compare the 
I»x:sent baseline condition to the original baseline of the 
flora to determine the general health of each species. 
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Post-decommission monitoring during the post-decommission phase is essential 
for its natural growth. The area should display many of the 
natural features to include full growth of the indigenous flora. 

8,7 Direct Ecological Changes, Pollutants Concentrations Affecting Fauna 

PieCoostniction 

Construction 

Operation 

all fauna during the pre-conslruclion phase will be surveyed 
on the proposed site within the Sekondi Expori Processing 
Zone. All pollutants concentrations will be at the ambient 
levels as related to affecting ihc fauna in the jvcconslruction 
phase 

The Environmental Study will include a survey of all fauna 
incsent. area of breeding, hunting, and the nocturnal 
conditions of the major species All fauna within 1(K) to 120 
acres or primary operating w ill be affected ecologically 
signiflcantly . but not in a significant range as related to 
being affected by pollutant concentrations during this phasc-

activc displacement of the fauna located in the pnmary /one. 
\(X) to 120 acres is significant. No pollutants other than 
emissions from the construction equipment will be imrscnt 
during the construction phase 

during Ihc operation phase, the physical contact b> fauna 
within the iMiniar>' zone, area of the processing equipment, 
i.e. atmospheric towers, perimeters will be fenced to protect 
the fauna. The outer boundary of the lOm rectangular /.one 
will be fenced to remove fauna from being apart of the 
atmo^heric dispersion modeling exercise. 

AlmosF^ric dispersion modeling is ongoing during the 
operation phase The presence of surface water has not been 
detected to date and no pollutants in significant concentration 
should be present. 

There are no waterbodies characteri/.ed fc^ (a) that is trapped 
for domestic purposes, (b) within a controlled and/or 
[Motected area, and (c) which supports wildlife and fishery 
activities. 

Contamination of the land (soil) is not evident at this time. 
The area is not considered near adjacent or traditional 
grounds or natural buffers against shore erosion.strong 
winds.or storm floods. 

8-8 



Decommission during the decommission phase, the outer boundan' fencing 
will not be removed immediately until the final environ
mental study has been completed and report submitted to the 
governmental authorities. The controlled area in terms of the 
ongoing environmental monitoring and the active primary 
zone should be delineated for at least a six month period of 
time, 

Post-decommission the post-<)ecommission period, should be used to monitor 
the area in terms of growth as related to the fauna present in 
the 500 acres of land. A lime frame to declare the whole area 
close to the original background in terms of fauna presence 
and growth should be made at this time. 

8.S Alteration in Ecological Processes Affecting Conimunity,Habitat,Flora,and F^ina 

The alteration in ecological processes such as transfer of energy through food chains, 
decomposition and bio-accumulation which could affect any community, habitat, or specie 
of flora or fauna are not significant in terms of the present use of the proposed site. The 
proposed site is located in the Sekondi Export Processing Zone, which is acreage for the 
construction and operation of heavy industrial firms. 

The following are important fiandamental terms and concepts in biological impact studies 
listed below. 

1. Biogeochemical cycles (nutrient cycles) are the series of bigeochemical by which 
the earth's inorganic elements (I) are made available for use by the living 
organisms (2) find their way into the food chain, and (3) are later broken down to 
be^n the cycle again. 

These cycles tie together the biosphere (the global system consisting of the totality 
of life) and its interaction with the nonliving environment (the geosphere). The 
tundamental to most of the cycles- and the most important set of biochemical 
reactions in the biosphere-is photosynthesis. 

Within the total biosphere, as within each ecosystem,organisms are catergorized 
by their role in these cycles-that is, by how they get their energy,as follows: 

a. Primary producers-"Primary producers" are organisms,mostly 
green plants.that draw on the sun's energy to make the fuel for 
others to use. 
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b. Consumers-"Consumers" are those beings who can eat the food 
produced by plants, starting with plant-eating (herbivorous) 
organisms and extending into a chain of larger, animal-eating 
(carnivorous) organisms. 

C. Decomposers-"Decomposers" are microorganisms that break down 
the remains of dead plants and animals for eventual recycling within 
the biosphere. 

Biological diversity refers to the variety and variability of living organisms and the 
biological communities in which they live. Biological diversity, or "biodiversity", exist at 
several levels For example, "ecosystem diversity" refers to different types of landscapes 
that act as home to living organisms. 

Carrying capacity is the total number of plants and animals that can be supported by a 
particular ecosystem, without reducing the environment's long-term ability to sustain life at 
the desired level and quantity. It varies with the type of soil and its inherent productivity, 
the climate, and the useable products that grow well in that ecosystem, as well as - in the 
case of cultivated land-the methods used to produce them. 

Ecosystem ts a stable, interacting gathering of living organisms in their nonliving 
environment, which is unified by a circular flow of energy and nutrients. 

a. whose meaning imposes no size limitation 
b. which may refer to something as small as the life in and around a fallen log 

to that of a huge lake or forest even to that of the whole biosphere, 
depending on the focus of the observer. 

Each ecosystem is bound together by the biogeochemical cycles through which living 
organisms use energy from the sun to obtain, or "fix" non living (inorganic) elements such 
as carbon,oxygen, and hydrogen from the environment, and transform them into vital 
food, which is then used and recycled. 

The number of organisms in a mature ecosystem, as well as their rate of growth and 

lifestyle, depends on the availability of energy and key chemical elements,some of which 

may be in short supply and, therefore, be limiting factors,such as nitrogen-

Plant Species of Proposed Export Processing Zone-Sekondi: 

The University of Ghana, Botany and Zoology Departments, performed a survey to 
determine the existence of various flora and fauna within the proposed Export Processing 
Zone-Sekondi. Table l-Plant Species of Proposed Export Processing Zone-Sekondi 
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has indicated a variety of herbs, trees, and climbers. Listed below are the famiiies names of 
herbs, trees, and climbers found in the Export Processing Zone-Sekondi(Appendix U). 

Acanthazeoe 
Amaiybdacea 
Anacardiacea 
Apocj-naceae 
Aracea 
Asciqïiadacea 
Bignoniacea 
Bombacaea 
Cannaceae 
Coniinelinacea 
Compositea 
ConvoK'alacea 
CucurtTitacea 
Cypcracea 
Euphoibiacea 
Fern 

Graminae 
Labiatae 
Lauraceae 
Loganiaceae 
Malvaceae 
Marantaceae 
Meliaceae 
Menispemiacea 
Mimosacdeae 
Moraceae 
Myrtaceae 
Nyctaginaceac 
Passifloraceae 
Ponulaceae 
Rubiaceae 

Sapindaceae 
Solanaceae 
Verbenaceae 
Vilaceae 
Zingiberaceae 

The Zoology Report has indicated the presence o f various animals, (1) invertdjrates and 
(2) vertebrates. Listed below are the Order/Family/Common Names of some of the 
animals present in the Export Processing Zone-Sekondi (Appendix U). 

Inverubrates: 
MoUucscs/Gastropods' snaii 
Anhrt^xtds/ Mynapods 
Insecta/ Lepidoptera/Buncrflies 
Papilionidae 
Pieridas 
Nymi*alide 
Hesperide 
Othoptera/Grasshi^jpcr 
Hymenoptera/ Ants.Bees 

Veitebrales 

AmjAibians/Anura/Ffogs & Toads 
Bufonidas (Toads) 
Giani Toads 
Ranidae (Frogs) 
Reed Frog 

RepitUes 

Marsh Terrapins 
Hinged Tortoise 

Chamacleonidac (Chameleons) 
Graceful Chameleon 

SquamaU (SeipeiUs (Snakes)) 
Royal pythons 
African pythons 

Colubridae (Typical snake) 
Green Tree Snakes 
Elapidae (CobTas,Mambas) 
Green Mambas 
Black forest Cobra 
Vipcridae (Vipers Adders) 
Gabon Viper 

Birds 

Falconiformcs (Birds of Prey) 
Black tCite 
Hooded Vultures 

Psinicifomies (Parrots) 
Psittaciadae 
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Squamata: Lacertilia (Lizaid) 

Agama (Rainbow Lizard) 
Gekkonidac (Geckos) 
Common House Geckos 
Gecko 
Scincidae<Skinks/Snakes-Lizard5 
Skink 
Vaniidae (Monitor Lizards) 
Nile Monitor 

Red headed Lovebird 

Cucuiirormes (Cuckoos) 
Musophagidae 
Gre>' Plantin-caler 
Cuculidae 
Sengal Coucal 
Coracii formes (Kingfisher) 

8.9 Ecological Consequences, Direct Destruction of Existing Habitats: 

The ecological consequences of direct destruction of existing habitats from activities such 
as dumping of waste and vegetation clearance and fillings are discussed as related to the 
petrochemical-refinery complex. Ankobra Resources Ltd. project, a petrochemical-
refinery complex utilizes modem environmental methods and procedures to protect the 
existing areas. 

8.9.1 Direct Destruction of Existing Habitat-Dumping of Waste 

PrcConstruction 

Constiiiction 

wtU 

during Ihe pre-construction phase, the dumping of waste is 
prohibited- metal containers are used to hold any waste items 
during the environmental study phase. All recyclable debris 
will be recycled and other properly disposed of in a site that 
is acccpt^c to the local refuse laws. 

during the construction phase, the dumi»ng of waste is 
prohibited Metal containers are used to hold any waste items 
during the laying of the foundations. All recyclable dd^ris 

be recycled and other properly disposed of in a site (hat is 
acceptable to Ihe local refuse laws. Also, small incineration 
units will be used to bum liquids,gases, and solids. 

All fuels contaminated will be incinerated imder safe 
en\'in3nmcntal conditions. All processing units arc pre
fabricated and eliminate i»les of scrap metal, after cutting 
or welding metal parts together. The use of dcgreasers, i.e. 
MEK and acetone is ncA needed since the units will all be 
prc-fabricated before entering the Republic of Ghana 

All metal storage tanks, i.e. crude oil and petroleum products 
(fuel oil, diesel, LPG. and unleaded gasolines) use pre
fabricated sections and spot welded into place. 
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Operation during ihc operation phoscthe duminng of waste is prohibited 
Metal containers are used to hold aii>' waste designated for 
such container. All debris initially recycled and other residual 
wastes properly in a site that is acceptable to the local refuse 
laws. 

slormwater will be collected in a stormwater system, spillage 
of any liquiife in cemem catch basins around the processing 
units,storage facilities,and inplant roads. Waste water 
recycled within the refiDery-petrochemical primai>' zone. 
Steam emissions are piped to electrical generation system and 
condensation returned to an area of the processing units. 
Internal boilers will bum iniermediale liquids.gases.and 
solids. Liquids.gases.and solids from Ihc alk>iation unit is 
normally subjected to high temperature incineration. 
Reformer used to re-process crude oil in the system. 

DecommissioD 

Post-decommission 

during the decommission i^iase, the petrochemical-refinery 
will operate to utilize the internal boilers to bum most of the 
liquids,gas,and solids. All clean out liquicls,gas. and solids 
will bum b> high temperature incineration. 

All storage units cleaned out and all liquids.gas,and solids 
will be subjected to high temperature incineration. The metal 
[»eces will be dismantled and shipped to a smelter in Ghana 
or Europe. 

tbc incineration units will be the last equipment to remain to 
clean up and bum any debris that cannot be recycled. The 
shipment of the incinerator's inside Ghana for fiinber 
commercial use. Primary zone inspected for soil discoloration 
ori^umes. 

8.9.2 Direct Destruction of Existing Habitats-Vegetative Clearance 

PreConstniction 

Construction 

during the pre-constraction phase.vegetation clearattce of the 
primary zone, 100 to 120 acres are significant and destruction 
of habitats in the proposed site of the petrochemical-refinery 
complex The reloailion of habitats before the actual 
vegetative clearance will reduce the negative effects of the 
vegetative clearance process. 

the constroction phase will wM involve large acreage of land 
being demarcated or the vegetative clearance process being 
in^Jlemented. This phase will further reduce the destruction 
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of habitats located within the Sekondi E?tport FVocessing 
Zone. Areas in the primary operations zone have undergone 
the vegetative removal process and the existing habitat should 
have been relocated 

Operation the operation phase, further reduction of vegetative clearance 
during the petrochemical-refining of crude oil All primary 
zones within the complex will have asphalt roads and cement 
catch basins for spills. The primary zone will be a fenced area 
to include all storage facilities and docks. All of the relocated 
habitats will be in the outer boundary fence or isolated areas 
on the 500 acres of land 

Decommission (hiring the decommission phase, relocated habitats will serve 
as a control group to assist in recycling the primary zone 
into a future natural habitat The landscaping of areas 
similar to the "control areas" should enable us to re-create 
(be primary zone that is acceptaUc to the local hat»tat 
dwellers. 

Post-decommissioo during the post-decommission i^iase. monitoring of both 
the pn:\'ious active primarv zone and control area is essential 
in blending both areas to become one ecosystem. 

8.9.3 Direct Destruction of Existing Habitats- Fillings 

PreConstruction 

Construction 

the land filling of industrial waste such as liquids,gas. and 
solids during the pre-construction phase is prohibited 

the land filling of industrial waste and construction waste 
is prohibited during the construction phase All paper and 
used bags are subjected to high temperature incineration. 
The use of chemicals will be small, since most of the 
foundations using Portland cement 

The placing of processing equipment b>' either heavy duly 
cranes or industrial helicopters will not create a significant 
amount of ddnis. 

Operation during the operation phase, less than trra (2%) percent of 
any waste such as liquids, gas, or solids are candidates for the 
land (ill method. 
internat boilers will bum intermediate liquids, gas. and solids 
other liquids.gas. and solids not bumed by the mtemal boilers 
will be Subjected to high temperature incineration 
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DeconunissioD 

Post-decommissioD 

wooden items such as pallets and crates arc ideal for 
high temperature incineration 

heavy metals such as vandiiun, carbon, and nickel, are 
candidate for rccyclers in Europe. 

all waste materials, liquids, gas, and solids that are not for 
the intenui boilers .will use high lemperature destruction, 
heavy metals »ill be shipped to Europe for metal recycling. 

all metals shipped to Europe for rcocling will be followed 
to determine that all metal drums of the metal waste have 
been properly recycled. 

8.10 Changes in Social, Cultui^ and Economic Patterns Relating to-Valued Resources 

There will be a significant change in the social, cultural, and economic patterns relating to 
valued resources as related to the soil or land of the proposed site and adjacent Anoe 
Village. These changes will be positive in terms of a better social, culturaJ, and economic 
developments for the Anoe Village. 

Social Change Anoe Village People: 

The Anoe Village people will experience a positive social change at the village level- Basic 
utilities such as electricity, water, and gas (LPG) and waste water treatment (sewage). 
Fanning has been the main occupation of the village people, adult males and female 
employment in the petrochemical-refinery complex will change the social conditions for 
many village people. 

Cultural Change Anoe Village People: 

The adult generation will be engaged in the industrial occupations and poultry fanning 
with the assistance of the University of Ghana consuUation. Basic education in a three (3) 
tier system will enable the younger generations to become educated and retain new skills 
for the job market. 

Economic Change Anoe Village People: 

A significant positive economic change will occur in the Anoe Village people. A major 
portion of the adult generation will be employed in the refinery or the boiler -egg laying 
project of the village. 
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Direct and Indirect Impact-Valued Resources 

PreConstmction significant changes in the valued resources such as land, 
community, and population specifically the Anoe Village 
people 

a. plans to transform the land from farming to 
an industrial site for the refining of crude oil 
Value of the land will increase and payment lo 
the farmers under crop renumcrallon (o the 
farmers 

Construction 

Operation 

Decommission 

b. the community will receive the basic utilities, 
such as electricity, sewage connections, and 
water. LPG can be purchased from the plant. 

basic pipeline for future gas usage, electrical lines, 
water lines from desalination unit, and wastewater 
tFeatmenl facility during the construction [diase. 

able bodied indi\iduals will be given em^doyment during 
the constniaion phase of the project, LandscajMng of the fiora 
takes place at the end of the construction phase. 

during the operation phase, the entire project as related 
to the petrochemical-refinery plant is fully (^rational. 
All storage facilities for both tlie crude oil and petroleum 
products have been erected attd fully operational. 

a. employment of adult village individuals either 
at the Ankobra Resources Ltd. Project or in the 
poultry business. 

the decommission jAase of the Ankolva Resources Ltd 
project will not affect either Anoe Village nor the poultry 
business. 

Post-decommission the post-decommission phase of Ankobra Resources Ltd. 
project will include final survey of the areas south of the 
[wimary zone of the refinery. After 5 to 10 years the poultiy 
business should be self sufficient. All bousing to irKlude 
company housing of Ankobra Resources will not be affected 
and units can be used by the local government as housing 
units. 
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8.11 Direct and Indirect Employment Generation 

Ankobra Resources Ltd, project will provide both direct and indirect employment for the 
Anoe Village people and citizens of both Sekondi-Takoradi, Ghana. Many industries are 
need needed to service a 140,000 bbls. per day crude oil refining unit. 

Some industries are to include industrialize food preparation, welding services, municipal 
services such as sewer pipe inspection, fire hydrant inspections, and electrical meter 
reading for each household. Several different types of rep^ shops for both cars and 
trucks, housing repairs, roads and street lights. 

Projected Employment 

Projecl Phase Direct Indirect Number Duration 

Environmenlal Study X 10-20 12 months 

Construction X 100-250 36 months 

Road Building X 30-40 12 months 

Operation X 220-250 lifetime 

Laboratory (QA/QC) X 1-2 lifetime 

Laboratoiy (chemistry) X 1-2 lifetime 

Laboratory (environmental) X 1-2 Ufetime 

Medical Center X 4-6 lifetime 

Dental Center X 2-3 lifetime 

Security Guards X S-10 lifetime 

Automechanics X 1-2 lifetime 

Guest houses (two units) X 6-8 lifetime 

Poultry Farms X 8-10 lifetime 
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8.12 Immigration and Resultant Demographic Changes 

The Anoe Village people will be given the opportunity to become a viable population 
through the Ankobra Resources Ltd, project. Mass demographic changes will be held in 
check by establishing joint venture enterprises with the Anoe Village people. 

The area that comprises the Sekondi-Takoradi area has approximately 80,000 people in its 
population. There should be enough people to fill many basic positions with training from 
Ankobra Resources Ltd personnel or its designated consultants. 

Projected Employment 

Project Phase Anoe Village Sekondi-Takoradi Trainii^* 

Environmental Stutfy X X 

CoDSiniction X X X 

Road Building X X X 

Operation X X X 

LÄoraloiy (QA/QC) X X X 

Laboratory (environmental) X X X 

Laboratory (chemistry) X X X 

Medical Center X X X 

Denial Center X X X 

Security Guards X X X 

Automechanics X X X 

Guest houses (two units) X X X 

Poultry Farms X X X 

* training in safety and specific field of work 

The above chart will allow Ankobra Resources Ltd. project to provide basic employment 
levels with training. Many of the administrative positions will be held by expatriates and 
degreed indigenous personnel. 
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8.13 Provision for Infrastructure (Roads, Schools, and Health Facilities) 

Ankobra Resources Ltd, project will construct and operate roads, schools,and health 
facilities on the proposed site or near the Anoe Village. 

Ankobra Resources Projected Roads 

Entrance/Exil Main Road Plant Residential 

1. North Road X 
2. South Road X 

3. RoadP-1 X 
4. RoadP-2 X 
3. RoadP-3 X 
«. RoadP-4 X 
7. RoadR-1 X 
S. RoadR-2 X 
9. RoadR-3 X 
10. RoadR-4 X 
11. RoadR-5 X 
12. RoadR-6 X 
13. RoadR-7 X 
14. RoadR-S X 

8.14 Ankobra Resources Ltd. Project-Schools 

There is a need for education for both the expatriates and indigenous workers for the 
petrochemical-refinery complex. Education is a key in any part of the world and a 
foundation for technology and knowledge. 

Ankobra Resources Ltd. Project-Schools 

School Emi^oyment Area Emplc^ees 
Elementaiy School 
Priniqial Anoe Village 

Sekondi-Takoradi 
1 

Asst. Principal Anoe Village 
Sckondi-Takoradi 

3 

Teacher Anoe Village 
Sckondi-Takoradi 

10-15 

Food Scnicc Anoe Village 
Sekondi -Takoradi 

4-6 

Custodians Anoe Village 1-2 
Env. Engineers Sekondi-Takordi 1-2 
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Middle School 
Principal Anoe Village 

Sckondi-Takoradi 
1 

Asst Principal Anoe Village 
Sckondi-Takoradi 

1-3 

Teacher Anoe Village 
Sekondi-Takoradi 

10-15 

Food Service Aime Village 
Sekondi-Takoradi 

4-6 

Custodians Anoe Village 1-2 
Env Engineers Sekondi-Takoradi 1-2 

Senior High School 
Principal Anoe Village 

Sekondi-Takoradi 
1 

Asst. Principal Anoe Village 
Sckondi-Takoradi 

1-3 

Teacher Anoe Village 
Sckondi-Takoradi 

10-15 

Food Service Anoe Village 
Sekondi-Takoradi 

4-6 

Custodians Anoe Village 1-2 
Env. Engineers Sckondi-Takoradi 1-2 

8.15 Ankobra Resources Ltd. Project-Medical Facilities 

The Ankobra Resources Ltd, medical facilities is another opportunity for direct 
employment for residents in both Anoe Village and Sekondi-Takoradi, Ghana. 
There will be on-call medical employees in case of emergencies. 

Medical Facilities 

Facility 
Medical 
Physician 

Nurse 

Attendant 

Medical Technician 

X-Ray Technician* 

Driver-Ambulance 

Employee Area 

Anoe Village 
Sckondi-Tako radi 
Anoe Village 
Sekondi-Takoradi 
Anoe Village 
Sekondi-Takoradi 
Anoe Village 
Sckondi-Takoradi 
Anoe Village 
Sekondi-Takoradi 
Anoe Village 
Sekondi-Takoradi 

Emĵ oyec (Number) 
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Dental 
Dentis! Anoe Village 1 

Sekondi-Takoradi 
Dental Assistant Anoe Village 1 

Sekondi-Takoradi 

• both Medical and Dental X-Rays 

8.16 Local Economy (Sekotidi-Takoradi,Ghana) 

The local ecotiomy will receive an infusion of $ 8,0 to $ 10.0 million dollai^ per annum 
into the Sekondi-Takoradi area. Approximately 350 to 400 workers spending in the area 
provide a significant amount of revenue to the local area. 

Ankobra Resources Ltd. Employee Spending 

Business S 1.000 -$2.000 $5,000-$ 8,000* $ 10,000-$20,000 

Banks X 
Groceries X 
Qolhing X 
Automobile X 
E<tucalion X 

Housing X 

* amount on annual basis per household 

Ankobra Resources Ltd- after an eight year grace period will provide $ 80.0 million 
dollars in taxes to the Republic of Ghana. Also, taxes on petroleum products sold within 
the local economy such as unleaded gasoline, fuel oil, LPG, and ancillary gases. 

8.17 Cultural Changes, Possible Conflict-Immigration and Tourism 

As previously stated, the Sekondi-Takoradi area has a population of approximately 80,000 
people- The entire work force of Ankobra Resources Ltd. are required to be trained after 
the final employment steps of each worker. 

Most technical positions will be manned by expatriates until indigenous personnel has 
enough training and skills for each specific job. Immigration of other indigenous personnel 
within the Republic of Ghana will not be a problem as related to hiring for the 
petrochemical-refinery complex. An influx of tourist at the petrochemical-refinery complex 
is not permitted in the primary zone of the plant operations. 
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9.0 Health 

On site inspection of the Anoe Village indicated that the inhabitants are located 300m 
south of the proposed site. Mainly the inhabitants are fanners, population roughly 387 
indigenous people.about 142 females, 125 males, and 120 children. Anoe Village is 
ofificially located in the Shama Ahanta East Metropolitan Assembly District. 

The major debilitating condition is malaria,but visiting nurses and EMS is available to 
Anoe Village. Basic utilities such as water, is available from municipal and bottled sources, 
but modem sewage,power sources and natural gas systems are not available at this time. 

Basic education at the elementary level is available to the children of Anoe Village, It is 
the intent of the Government to connect electrical power to Anoe Village during the 
calendar year of 2000. 

9.1 Present Medical System In Ghana 

Is evident of the co-existence of scientific and traditional medical systems. This study is 
limited to examination of published data and to primary field research. In 1957, the 
government built the first health centers. They were distributed throughout Ghana with the 
exception of two regions, the Western and Central Regions. 

The reason offered in ignoring these two regions was that the Central Hospital (Koule Bu 
Hospital in 1934) drew many of its patients from the Central and Western Regions (Table 
5.1). Coupled with these health centers of the government came forth with the idea of 
field units (see Table 5.2). 

The essence of this aspect of scientific medical care was to control many of the 
environmental diseases which were rampart at the time. The mortality rate among mothers 
and children in the past was very high. 

Some authorities put infant mortality as high as 250 deaths out of every 1,000 babies 
boni(6). This high rate was attributed to inadequate and poor service for the pregnant 
women, lack of doctors,trained midwives,public health nurses,and other health workers. 

The pre-school child suffered from such diseases as malaria, bronchopneumonia, measles, 
diarrhoea, malnutrition, tuberculosis, and worm infestations(7). Poor sanitation, poor 
water supply and housing greatly contributed to the high morbidity as well as factors such 
as health education, superstition, poverty and ignorance(8). 
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Ghana has two main types of hospitals-the district and the regional. The district hospital 
are small and scattered and both have staff and facilities that are limited. A district medical 
officer is in charge of the hospital as well as other supportive health services in the district. 
The regional hospitals are the modem, fully equipped institutions with a fiUl complement 
of specialist and general duty medical officers. 

A modem regional hospital has been completed in 1998 in the Central Region. Ankobra 
Resources Ltd. petrochemical-refinery project will be located in the Sekondi Export 
Processing Zone,Western Region. The Shama Ahanta East Assembly District area does 
not have medical services for the Anoe Village people such as hospitals,dental services,and 
X-ray facilities. Table 5.6 shows the Health Centers and Health Post in operation in Ghana 
in 1969. 

The smallest unit of health call is health post. The staff include the following personnel: a 
health post superintendent,conimunity health nurse and medical auxillaiy. Minor cases are 
dealth with at this level, but serious ones are referred to an adjacent health center and or 
nearest district hospital. A medical practitioner may make only periodic visits to the health 
pK>sts which generally serve a little more than first-aid stations and health observations 
post. 

9.1.1 Neïirest Medical Facility to Anoe Village 

The nearest Medical Post na (km) from Anoe Village 
Medical Center 6.05 (km) from Anoe Village 
District Hospital 11.0 (km) from Anoe Village 
Regional Hospital 8.63 (km) from Anoe Village 

Distribution of Manpower and Services 

Personnel IDistrict Hospitals Regional Hospital 
Medical Officer X 

Nurse X 

Health In^jecu» X 

Ward Orderlies X 

Surgeons X 

Wiysicians X 

Obstetricians X 

Paedthcians X 

Services 
Laboratory X 

a. hematological X 

b. parasitic X 

C. triocheniica] X 

d. booenologica! X 
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e. barium sludy 
t intravenous 
g. (X-ray (simple)) 

X 
X 
X 

9.1.2. Present Medical System-Western Region 

In accordance with Table 5,1 Heahh Centers, the Western Region had 1 unit-1955, 2 
umts-1960,4 umts-1%2, and 6 units-1969. Table 5.2 has indicated Medical Fields units in 
operation in Ghana, Western Region,! uiut-1962. 

As of 1970, Health Centers and Health Posts in operation in Ghana during 1969, Western 
Region,Urban Health Centers (1 unit). Rural Health Centers (4 units). Rural Health Posts 
(1 unit). The cities of Sekondi and Takoradi have approximately 80,(XX) population at the 
present time. 

Table 6 1, Distribution of 2,674 Female Maternity In-Patients by Residence,Five Regional 
Hospitals, January to December 1996, has indicated about 390 patients for the Sekondi 
area. The population of the Anoe Village is approximately 387 people and approximately 
142 females. 

Ankobra Resources Ltd., has determined a need for a small fifty (50) bed wing for mainly 
bum patients, and other seriously ill workers. This w i i ^ , is equipped with modem 
cardiovascular monitoring equipment, blood pressure apparatus', EKG and EEG machines, 
X-ray machine(s), and the various surgical instruments. 

9.2 Health Impacts 

Direct and Indirect Impacts to the Undertaking 

PreConstnictioo 

Constmction 

survey of the nearest community will be performed on the general 
health conditions of the entire population. Baseline conditions 
established are related to the physical condition and present medical 
conditions of the general population. 

another survey of the physical and medical conditions of the general 
popilation of the nearest community during the constitiction period. 
Survey of medical records to detect significant changes in the 
population due to construction noise or exposure to any dust generated 
during the construction phase. Medical and psychological evaluations 
made on all employees prior to hiring of all employees. Baseline 
conditions of employees are estaUished (hiring the constriiction fdiase. 
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Environmental Inipjict Assessment Report 

Tabic S.i 

MrJltal and Fuilic lltnlih Prrunntl In Ctrtrrminl ant Ki-n-Cetuamtnl Sirrjcu 

19S7 19S8 19S9 1960 1961 1961 1963 

Dnctfiri 330 
Government Service . . 110 
SiMciilitii . • . . IS 
Cener»l Duly" 103 
P r i « I e Pr»ctice 50 

D r n l i i l i {R 
Govertunent Service 17 
Pri*»te Pnei ice 6 

Midwivcj 616 
Government Service . , 34S 
Prlviie Prjclice 371 

T n i n e J Nuriej . . 800 9S6 1,627 1.848 2,033 2,191 2,36S 
Governmenl Service 768 9SS 1,001 1,130 1,141 1,344 1,4S3 
P r i m e Prici ice — _ 601 691 732 769 B04 
Ueil th Vii l iorj 33 28 I S 26 SO 78 109 

P»rj.M«lic*l F idd Siifr 310 
Leproijr Service . . . . . . 26 
Mcillcil Field Unii) lOS 
M i l i ' i i Servict . . . . . . — 
1 leilili F.duciIiorDt Onicers . . I 
l l c i l ih Inipcciori 178 

Qi.ilified PhiTBijclJH 311 
AtUcHeii lo Government MrispiMh . . 9'> 
A iuched (n nan-Cov«mment Hospilil i 13 
Non-i lUchti l in l lropiii l) J03 

'Incluilinc Onctnrt >l mininf; anil miuionary eiiiblijilimrnK. 

S o u r c e : S t i l i i t i c i l Year B o o k , A c e r » ; C e n t r i l B u r e * u of S t a t i i t k i , A c c r a , 
Ghana . 19fil , p . 3 3 . 

T.iblc 5.5 

''•ft'' DiiirJtuiruii of Profcstionn! aiitl Para-Professioncil Mun-Po^yer in the Ministry 
of Hctfllb, Ghana 

1963-67" 

439 469 497 SS8 621 714 
28 33 32 47 ISO 1SS 

200 197 117 311 206 233 
18 4S 50 26 27 ss 6 6 8 8 17 10 

187 18S 190 196 211 371 

311 326 298 319 342 3SS 
82 9 ! 91 117 7S 91 
12 14 9 9 11 IS 

217 220 196 193 1S6 149 

Typei 1563 1964 1965 1966 1967 

Doctors 379 465 548 597 633 
Dentists 2S 36 37 39 + 1 
Mitlwives 954 1.1S9 1,201 1,394 1.481 
Nurses 1,4S3 1,090 2.381 2,660 3.078 
Pharmacists 355 3S5 355 362 367 

Sources : Republic ol' Glun.i, Aiiuu.il Rcjiort of the Mijtlical Services 
of Ghniw, Accra: Government Printing Services, 1967, 
p . 58. 

• According to the 1969 Register there were 669 doctors 



Environmental Impact Assessment Report 

Table 5.1 

Health Centres in Operation in Ghana 

Region I9S7 I9SS I9S9 1960 1961 1962 1963 

Western ^^ ^^ I 2 4 4 6 
Centi-al . . — 1 I 2 2 2 2 
Eastern . . 1 1 3 4 6 8 12 
Volta . . 1 2 3 3 3 3 3 
AsIianCi . . 1 1 1 2 3 3 5 
Broiig-Ahafü 2 7 2 4 4 7 7 
Northern 3 3 3 3 3 4 4 
Upper . . 2 2 2 2 2 2 2 

Total . . . . 10 12 16 22 27 33 41 

) Chatia Caritnnnai Puhllcatlaa, "The Hcal(Ii Sirvlc« In Gbuna" (19G7), pp. 3-47. 
tibi J. p. M. 
llblJ.p. I I . 
> See 1 roreworil to the Mlniitry o! Heilth Repoci b j the Director of Medical Scrtlce), 

yhi Htaltli Sflea I' Qhana (Accn: Miniitry of Hcilth, 1967). 

Tabic S.2 

Aledical Field Units in Operation in Ghana 

Region I9S7 1958 1959 1960 1961 1962 1963 

Western 
Central . . 
Eastern . . 
Volu . . 
Ash.mtt . . 
Brong-Ahafo 
Northern 
Upper . . 

I 
1 
2 
2 
2 

Total 

S o u r c e : Republic of Ghana Annual Kepon of the Medical Services of 
Ghan.1, Accra ; Govi-rnment Printing Services Accra, 1967 p. 1 1. 

Figure 6, Health Centres in Operation Ghana (Table 5.1) 
Medical Field Units in Operation io Ghana (Table 5.2) 



Enviromiiniliil Inipacl Assessment RcporI 

Tahic 5.6 

Heohli Centra and Hcülih Posts in Opcratinn in Ghana during 1969 

i^ame oj Regien Urban Health Hiiral Health Hural Health 

Centres Centres Posts 

Accra 4 _ 

Eastern . , — 8 1 
Volta . . — 4 — 

Central . . — 2 — 

Western 1 4 I 
Aslianvi . . 2 fi 2 
Brong-Ahafo — 7 1 
Northern — 4 \ 
Upper . 3 I 

1 
9 Total . . 7 3S 

I 
1 
9 

S o u r c e : Tlie Heaitli Si-i\tti:s in Gliaiia. Accr.i: Ministry of Health. 
Government r i i n i i n ^ Service^, 1970. 

(d) The Health Post 

The smallest unit DT liciiltli t a r e is the health post . T h e staff 
include the followinj^ pi^r.sonncl : a henhh post su] jer intendent , a 
communi ty health nur-n- anri a nicthc.il auxiliary. Minor cases are 

Tabic e.1 

Diitribmien of2,SH Ftmalt Matrtniljr tn-falienti h/ ^>atdtna—fiyt SUgional Hospuall, Januarj 'to Decembir 1966 

KaiJiiut of Pall ft» KorU Bu Capt Coaii Sthondt Koforiduö Kumati Tata] 

S*me Region « ih i l uf the hoiplwl 

Same urban a r m ai lioipiial 

Differfnl u rb 'n iffJ* J ' liniipi-
lal  

Rural area 

Rtg iono ih t r than 
r Urban a 

that of the hoiplial i 
(_ Rural ar 

r c i 

area 

8SI 198 390 1S7 SOO 1,12« 
{^1.70%) ( 6 1 . 3 0 % ) ( 9 0 . 9 1 % ) ( 7 7 . S 9 % ) ( 6 S . 8 8 % ) ( 7 9 . 5 1 % ) 

5 39 9 3 17 73 
( O . S J % ) ( 1 2 . 0 7 % ) ( Z . 1 0 % ) ( 1 . 2 4 % ) ( 2 . 2 4 % ) ( 2 . 7 3 % ) 

1 7S 20 SO 223 372 
( 0 . 1 1 % ) ( 2 4 . 1 S % ) ( 4 . 6 6 % ) ( 2 0 . 7 S % ) ( 1 9 . 3 8 % ) ( 1 3 . 9 1 % ) 

33 S 91 7 55 
( 3 . 2 5 % ) ( 1 . S S % ) ( 2 . 1 0 % ) ( 0 . 4 4 % ) ( 0 . 9 2 % ) ( 2 . 0 6 % ) 

33 3 I — 12 48 
( 3 . 1 0 % ) ( 0 . 9 3 % ) ( 0 . 2 3 % ) - ( 1 . 5 8 % ) ( I . S O % j 

Tout 922 333 429 341 759 2.674 
(100.00%) (100.00%) (100.00%) (100.00%) (100.00%) (100.00%) 

Sour« .« : Ministry of Hralih, MiJitol Hialuiliil Rrpitii \ n . | , G l u m C'^vrcimicni I'liblicaiiun. 191i7, | i . 'J. 

Figure 8. Health Centres and Health Post in Operation in Ghana during 1969 
Distribution of 2.674 Female Maiemitv In-Paiicnls bv Residence 



Operation 

Dccommissioa 

Post-decommission 

annual [Aj'sicals of all employees will be given to detennine the 
general physical and medical condition of each empioyee.Monitoring 
of all aai\ilics b>' the Health and Safely Department to ensure that 
working conditions are safe and not detrimental to the medical 
condition of the employees. 

upon the removal of the entire p)ant( i.e. processing equipment and 
storage facilities), medical and dental fecilities will conduct exit 
medical .denial, and psychological examinations on all emirioyees. 

during a six month monitoring program,all employees records will be 
reviewed for serious medical conditions or chronic illnesses that need 
regular medical attention. Medical files will be forwaixled to the 
nearest Medical F>ost, Medical Centre, Ustrict Hospital or Regional 
Hospital vtith the written consent of the employee. 

9.3 Vehicle TrafQc Generation and Potential-Road Accidents 

The Ankobra Resources Ltd. project will be concern with traffic generation tnainly, (!) 
during the constRiction phase, and (2) during the operation phase. The construction 
equipment will consist of heavy machinery s listed below: 

Earth Moving Equipment: 
1. Construction (rollers) 
2. Front loaders 
3. Backhoes 
4. Tractors 

5. Scrapers,graders 
6. Pavers 
7. Trucks 

Material Handling Stationary: Impact Equipment: 

1. Concretemixers 1. Pumps 1. Pneumatic 
2. Concrete pumps 2. Generators wrenches 
3. Cranes,movable 3. Compressors 2. Jackhammers 
4. CraneSjderrick and rock drills 

3. Impact pile 
drivers,peaks 

The construction equipment will be confined to the site and not to the open highway nor 
public streets of either Sekondi or Takoradi, Ghana, Initially, receipt of shipment of the 
construction equipment will be received through the Port of Takoradi. The Ankobra 
Resources Ltd. project will construct a private docking system used to both import and 
export goods and machinery. 
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In the operation phase, shipping of petroleum products will be 90% by railway system. 
The use of tractor trailers will be used for the local transport from the railway depot site to 
consumer markets such as local service stations 

Direct and Indirect Impacts to the Undertaking-TrafBc 

PreConstniction 

Construction 

Operation 

during the pre-constmction phase, service will be made to map out the 
routes for supplies in accorciancc with the ai^roprialc off-traffic hours. 
Heavy traffic hours logged vs density of population to become efficient 
in delivery of product and service and safety to entire communily. 

jdanned routes for evacuation and contingency ptan covered in safety 
classes during the construction phase. Schedules showing the hours 
thai specific products or equipment (i.e. processing equipment) thai 
will be transported on the public highway or the Takoradi Habor. 

f^acing of all processing equipment at the specific hours of the day 
will be known at each briefing session. Traffic control maintained and 
plant construction time will differ from bcHising consiniction time. 
Scheduled docks facilities will eliminate a 95% usage of local harbor 
area and puUic roads in the local area. 

the entire site traffic will be controlled from the point of entry to point 
of exit. Safety for workers is a priority as related to ongoing traffic in 
(he plant environment. The petrochemical-refinery com[riex will be 
90% to 95% self sufficient in terms of routine products and service. 
Therefore,trafnc will be at a minimum in the public roads in the local 
area. 

Decommission removal of processing equipment, plant buildings, and housing wiU 
have increased traffic. The private docking facility will assist in 
shipping all processing equipment without an increased usage of 
puUic highway. 

Post-decommission a team of security personnel will patrol the area on a scheduled basis 
per contract to sec that Ihc property is not used for ^rposes such as 
dumping of materials or waste Permanent fencing will be in place aod 
security post will remain activated per contract to teiminatc at an 
agreed vpoa time. 
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9.4 Air Quality-Regulated Pollutants 

Table 5.1,4, Qualitative Summary of the Effects Attributed To Specific Pollutants express 
such air pollutants as ,(1) particulates, (2) sulfur dioxides, (3) hydrocarbons (in solid and 
gaseous states),(4) carbon monoxide, (5) nitrogen oxides, (6) Oxidants (Ozone) and (7) 
Peroxyacetyl nitrates (pan) . Fig. 14.3 Characteristics of particles and particle dispersoids 
show types of gas clearing equipment such as, (1) centrifugal separators, (2) liquid 
scrubbers, (3) cloth collectors, (4) impringement separation, (5) thermal precipitation,and 
(6) electrical precipitators. 

The electrical precipitators can be used for (1) common atmospheric dispersoids, and (2) 
typical particles and Gas Dispersoids. The effective ranges for the electrical precipitators 
and particle types have been listed below. 

Typical 1, viruses, bacteria 
2. combustion nuclei, damaging dust, and nozzle drops 
3. atmospheric dust,spores,Pollens (partially) 
4. colloidal silica, zinc oxide tumes,tnsecticide dust 
5. paint pigments,sullliric mist, cartwn black 
6. ammonia chloride,sulfuric acid concentrated,cement 

dust 
7. coal dust(partia]]y) 

Common Atmospheric 1. Smog,c]oud and fog 
Disperoids 

Table 5.1,4 Qualitative Summary of the Effects Attributed To Specific Pollutants, i.e. 
sulfijr oxides, particulates, hydrocarbons (in solid and gaseous states), carbon monoxide, 
oxidants(ozone) and peroxyacetyl. These specific pollutants are attributed air emissions 
fi-om many different types of industrial operations. 

Mainly these specific pollutants have effects on humans, metals, books, leather, buildings 
and plant growth. Many can be detrimental to our ecosystem and more specifically to 
plant growth. 

The Effects Attributed To Specific Pollutants 

Air Pollutanis Effects 
Human Plants/Crops Mctals/Books 

Atmosphere buildings. 
textiles, leather 
rirtiber, 
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TABLE 5.1 .4 QUA[.ITAT1VE SUMMARY OF T H E EFFECTS A T T H i n U T E n T O SPECIFIC POULUTANTS 

Air Polluiani tiff.a> 

Pinicul3in 

Sulfur oxides 

Hydrocjibons (in 
solid and gaseous 
Hi t« ) 

Cirbon itiDiinxiile 

Nitrogen oxides 

Oxidinis: 
Oione 

leroxy acetyl 
niitate (PAN) 

Sptals cKemii.',)! reaciiiins; obscures vision; cornxJes mirulv; causes yninc on hcliingint;! and 
liiiilJiiiljs; aggravates Itiii); illness 

Causes acuie ai)d clironic leaf inj i i iyi attacks a wide varieiy uf irccs; irritates upper 
nrspiraiory (raci; (Jestniys paint pigments; enxJcs statuary; corniiJes metalsi 
ruins hosiery; liarnis textiles; disiiiicgratirs Uiok pa^es and leather 

May l<c caiicer-priHlnciny (cafciiHjgenic); ret.irili plant nnnvil i ; causes abnormal leaf and 
bud ilcvelopinent 

Censes hvadadies, dizziness, and nnnscai absorbs ini i i i)liKHl; reduces oxyi;en content; impair; 
mental processes 

Causes visible leaf damage; irritates eyes and nose; siunis plant growth even when not 
causing visible damage; creates brown haze; corrodes metals 

Disciiliirs the upper surface t>f leaves of many crops, trees, and shrubs; damages and fades 
textiles; reduces athletic jierformance; hastens cracking of niblicr; disturbs lung function; 
irritates eyes, nose, and throat; induces coughin(>, 

Discolors the lower leaf surface; irritates eyes; disturbs lung fuiiciion 

PantnouM Eneloiing InsiMioi i a n d Q i i S a i t s 

HlohVOfl»oi Tun iomn i -nK l l i l i r / H ipp« Coiecilno Surtsc« 

nippai-Hign-ValUgt Et*«"«)» Si l t ty niHna 

HoppM] 

B*HM 

Ficure 12. Table 5,1.4 Qualilative Summary of the Effects Attributed To 
Specific Pollutants 
Figure 5.17.1 Single-stage parallel plate ESP with accessories 

HIgh.Vailsga Wkt 

. I ln l l VnflMK 

EUcUniM 

OnKk Opsfrtig Dow 

FlPlwnnn SIAgnfi) 

Wk> W«lgMl 



Particulates obscure vision,aggravalcs speeds chemical corrodes metals 
luDg illness reactions grime/buildings 

Sulfur oxides irritates uppci res|»iatoiy tract acute and chronic destroys paint 

leaf injury pigment,metals 
harms textiles, 
distintegrates 
book pages, 
and leather, 
erodes statuary 

Hydrocartnns may be cancer producing retards [riant growth 
(carcinogenic) causes abnormal 

leaf and bud 
develt̂ Hnent 

Carbon monoxide causes hcadacbes,dizziness 
and nausca.3b50rbs into 
blood,reduce$ oxygen content, 
impairs mental processes 

Nitrogen oxides irritates eyes and nose cause visible leaf corrodes 
damage,stunts 
[dant growth 

create brown 
haze 

metals 

Oddanls: 
Ozone distuibs lungs ftinctions. discolors the damage and 

irritates eyes, nose, and upper suT&cc fade textiles 
throal;induces coughing surface of leaves 
athletic perfonoances of many crops, 

trees and stmibs 
Peroxyacetyl dislutbs long function discolors the lower 
iiitrate(PAN) irritates eyes leaf surface 

9.5 Material Handling 

Exposure of handling any types of materials by human hands will be limited and to a 
minimum. Simply, all crude oils, petroleimi products,waters and wastewaters are all 
handled \^a pipeline. 

Catalyst will be handled in a separate system, either tote bags (like burlap bags) or tote 
bins (metal containers) by a forklift operator. Sulfuric acid, handled in bulk quantity in 
large ship loads in metal containers such as tote bins. Again, transported or moved by a 
forklift operatioa 
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9.6 Waste Handling and Disposal 

All gases or air emissions are vented by pipe and disposed of by either refinery flare or on-
site incincration(piped)- Liquid waste or stream to an electroprecipitator or scrubber. 

Catalyst that has become non-active is packaged in 55 gallon drums and shipped to an 
European recycler and re-activation of the catalyst. All drums are handled by a fork lift 
operator, with proper PPE, if needed. 

Calcium fluoride can be packaged and incinerated in the kiln section of the incinerator. 
This chemical can be used in the steel making industry. PPE clothing worn during the 
packaging of the Calcium fluoride. 

Sulfuric acid sludge solid waste incineration and packaged in 55 gallon drums. Personnel 
perfomning the packaging operation will wear the proper protection equipment. 

Inorganic or organic waste water sludge piped to the on-site incinerator. These sludges 
can be piped to the rotary kiln or smaller incineration unit to bum up to 1500 deg F. 

9.7 Marine Environment 

Ankobra Resources Ltd., a land based petrochemical-refinery complex has an 
environmental responsibility to the marine environment of the Gulf of Guinea, Monitoring 
of the marine environment has equal priority as air emissions as the land based 
management responsibility. 

The marine environment, Gulf of Guinea, is sensitive to the environmental pollutants, 
principally due to the aquatic spawning grounds. Specifically, Sardinella sp. and 
shrimp have significant econonucal valve to the economy of the Republic of Ghana. 

The marine environment baseline during the preconstruction phase will become definitive 
in respect to (1) developing a program to enhance the growth of the aquatic spawning 
area(s) and (2) data and analysis and effects of the discharged wastewater into the Gulf of 
Guinea.There is a significant amount of baseline information on the marine environment 
sponsored in part by the Worid Bank. 

We are aware that the aquatic spawning area begins at the 100 fathom level contour tine 
(Fig. 32). Marine investigations by a University team of consultants will be commissioned 

to further delineate areas of importance as aquatic spawning areas related to 
environmental 
management. 
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Monitoring of the marine environment as related to the aquatic spawning area is a 
permanent activity of environmental management. Development of gridding or coordinates 
will enable us to determine how well the growth management is progressing. 

9.8 Health and Safety 

The possible health effects of the undertaking on persons within and around the 
undertaking is positive. All potential workers are given a physical examination before 
being hired for Ankobra Resources Ltd. petrochemical-refinery complex. 

9.8.1 Pre-Employment Physical 

All employees will be given a pre-employment physical as a requirement for employment. 
The pre-employment physicd will include the following. 

1. Blood Examination (CBC, Whole Cell Count.etc.) 
2. Blood Pressure Reading 
3. Physical Defonnations( swollen glands, swollen joints, signs of arthritis,etc.) 
4. Eye Examination 
5. Hearing Examination 

Safety and health personnel will be involved with the local Public Health Department to 
become knowledgeable on the general diseases that are debilitating to the local population. 
I have listed some of the most significant debilitating diseases on a world wide basis. 

1. Cardiovascular Hypertension 
2. Respiratory Emphysema, Asthma (severe). Chronic Bronchitis 
3. Nervous System Multiple Scelerosis,Strokes,Mental Uhiess 
4. Endocrine System Diabetes (severe condition) 
5. Liver Functions Chronic Liver Disease 
6. Abnorraaiities To include back disorders,hands, feet, ankles, and severe 

joint disorder. 

A medical center which includes a dental center for the maintenance of each worker. Each 
waste has the ability to use the dental center as part of Ankobra Resources Ltd. medical 
care services. 

9.8.2 Safety 

Ankobra Resources Ltd, is concerned with the safety of all employees, Anoe Village, and 
the cities of the Shama Ahanta East Assembly District Negative impacts caused by the 
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140,000 bbls, per day petrochemical-refinery complex can be detrimental to the safety of 
the employees, Anoe Village people and citizens of the Sekondi-Takoradi area. 

Safety and Health Program 

Course Administration V 

Asbestos X X 

Bloodbomc Pathogens X X 

Confined Space Entiy X X 

Electrical Safety X X 

Emergences-Incidents X X 

fteventions 
Indoor Air Quality X X 

Lead Exposure X X 

Biological Hazards X X 

Carbon Dioxide X X 

Carcinogcns,Mutagens X X 

& Tetragons 
Chlorine Safely X X 
Safety Showers X X 

Eyewash X X 

Heat Stress X X 

Back Injuiy X X 

Eye Protection X X 

Hand Fingers X X 

Wrist Safety X X 
Head& Arm X X 
Protection 
ResfHralors and How X X 

To Use Put Them 
Fortdift Safety X X 
Material-Handling X X 
Equipment Safety X X 

Fire Extinguishers X X 

Training 
Eye & Face Protection X X 

Manager Operations 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

A significant amount of fiinds have been budgeted for training of all workers at Ankobra 
Resources Ltd. petrochemical-refinery complex. Courses on the mechanism of crude oil 
refining and production of methanol are part of the training program. The local indigenous 
persoimel with a basic education will be qualified to work as a operator in different units 
of the complex Therefore, immigrates fi-om other areas would not be more skilled than 
the hired local indigenous workers. 
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9,9 Emergency Response 

AI! safety, fire figthing techniques, evacuation route{s), and emergency services are an 
integral part of the operation of the petrochemical-refinery complex. Training of all 
personnel during various emergencies is vital to the petrochemical-refinery complex. 

The Team Concept will be used in various emergencies such as oil spills, and fires within 
the petrochemical-refinery complex. Various types of equipment are always needed on a 
stand-by basis in such as industrial environment. 

Equipment: 

Medical 

Supplies 

Personnel 

Fire Equipment 

Oil Spill Equipment 

Disposal of Oil Spill 
Materials 

Laboratory Sampling Kits 

Portable surgical rooms, surgical tools, operating tables,X-
ray equipment,EKG machine,EEG machine,artifical 
respirations, and oxygen tents, ambulances for delivering 
patients. 

Bandages, gauze, needles, thermometers, surgical towels or 
gauze,saline, glucose, and D (5) W, 

Medical and Surgical physicians,Nurses,Attendants,X-ray 
techincian, and ambulance driver 

Two fully equipped fire engines. Also, a ladder truck to 
reach areas in the tank farm. Fire Chief vehicle and one 
truck for air respirators. 

Two smaK vacuum trucks,approximately 70 bbls. each to 
pick up liquid hydrocarbons. Foam or absorbent materials 
to soak up small areas of liquid hydrocarbons. Front end 
loaders for areas involving contaminated soil/hydrocarbons. 

Efforts will be made to salvage liquid hydrocarbons such as 
crude oil, unleaded gasoline,fliel oil, and naphtha for 
separation by centrifijgal force. All contaminated debris or 
solids/sludge will be incinerated on-site. 

All marine oil spills will require that samples of the water, 
aquatic life involved, and correlation with areas not 
involved with the spill is necessary. 
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Medical -Dental Center 

Personnel V 

Miysician X 
Deatist 
Dental Assistant 
Nurse z 
Attendant X 
X-rav Technician* X 
Ambulance Driver X 

Medical Dental 

X 

X 

* X-ray Technician will (»tnidc service to both medical and dental patients. 

There will be a small wing that is utilized only for emergencies equipped with 
oxygen,cardiac monitoring equipniem,bum pads, and medicines with fifty (50) 
bed capacity. The next level of treatment for emergency patients,transport to a local 
hospital (s) with intensive care capabilities. 

Through BUPA International, local services provided to the workers of Ankobra 
Resources Ltd. Also,emergencies beyond local capabilities allows such patients to be 
airlifted to Europe for such medical treatment. 

BUPA International Oil & Gas Scheme 

Benefits Essential Classic Gold 
Aiuiual overall maximum US$9üO,000 US$900,000 US$1,200,000 

In-Patient & Day-Care 
Charges 

Full refund Full refund Fullrefitnd 

Hos^tal Accomodation, 
mirsing ancillary charges, 
drugs and dressing 

Full refund Full refund Full refund 

Surgeons' anaesthetist' and 
physicians' charges 

Full refund Full refund Full refund 

Cancer Trcatmcnl including 
radiotherapy & chemotherapy 

Full refund Full refimd Full refund 

Physiotherapy,X-Ray & 
diagnostic tests 

Full refund Full refund FulliduDd 

MRJ&CT scans Full refund Full refund Fullrefiind 
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Medical Ex'acuation Cover Full Fduml Full refund Full refund 

Oul-Paticnt Charges N/A USDS4.800* USD$4,800* 

* up to maximum / year 

Contingency Plan 

Safi^ Preconstniction Constniclion Operations 
Independent Contractors Same during the Safety engineer 
»ill be required to Construction phase employed by 
train all of his personnel as in Ihc PrcCons- Ankobra Resources 
Safety Engineer will have the truction as in the Ltd. will have the 
rcsponsibilitv of providing phase responsibility to 
log of all attendance train all employees 
Minimum courses: and keep a log of all 
Blood Borne Pathogens attendance. The 
Confined Space Entr>' minimum roi i r«^ 

Electrical Safety must be taught to 
Emergencies-incidents the hired employee. 
Prcvcnlion 
Lead Exposure 
Biological Hazards 
Carbon Monoxide 
Protection: 
Eyc,Head,Hand 
Ann,Face,Ear 
Back Injury 
Safety Shower & 
Eye Washer 
Fool Protection 
Use/Respirator 
Fire Extinguisher 
Training: 
Forklift Safety 
Material Handling 
Equipment Safety 
Use of Ladder 
Lifting of Objects 

The Fire Figthing Techniques are inclusive in the Contingency Plan as mentioned above. 
Knowledge of the health and safety courses coupled with fire fighting training techniques 
should enable the employees to manage any major incident in the plant. Medical staff 
is a part of the contingency and evacuation plans for industrial incidents. 
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Fire Fighting Techniques 

PreConstruction 
Training: 
Purchase ofa fire Engine and its 
rclatcd equipment. Hand fire 
extinguishers of the A,B,C, type 
Basic training in grease ßres, 
cbemical.& electrical fires 
Use of PPE in fire activities 
Develop fire alarm sy5tein,and 
routine training on each specific 
dut>' for all personnel involved 
Designate a Fire Chief & Assistant 
Set up communications to the local 
tire Dept. in case of brush fires or 
fires thai are a threat to the local 
community. 

Notification: 
The Local Fire DepLon all fires 

Construction 

Purchase of additional 
equipment needed for 
the new buildings. All 
purchases will be the 
same as in the Pre 
Construction Phase & 
Training 

Operation 

Basically the training 
of 350 to 400 peiwns 
10 include the office 
staff. Hiring of fiill 
time Fire Chiefs and 
Up grade the desig-
nati^ fire brigade 
of 20 operations & 
engineers 

Same Pre-Construction Same as Construction 

Evacuation Plan: 

The evacuation plan depends on the severity of the incident and type i e . fire vs 
catastrophic weather. On-site medical wing is placed in an area that is almost isolated fi'om 
the actual processing zone in the petrochemical-refinery complex. 

A fire in the processing zone would not be a threat to the medical-dental center. In the 
event a fire becomes a threat, the civic center, is the area for injured workers. Temporary 
beds can be set up in the gymnasium area in the petrochemical-refinery complex residential 
area. 

Catastrophic weather conditions are coordinated with the Ministry of Defence and 
directed fi'om the Commander. All processing units are set on low operating levels and 
outdoor activities severely curtailed. The gymnasium area can be used for temporary 
operations as the need arises with the weather. 

Severe medical patients would use Tier II and Tier III medical scheme to assist the injured 
patient. Large stake bed lorries can be used to transport large numbers of uninjured 
workers to the next staging area in the evacuation plan. 
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9.10 Emergency Response Spill Control 

Pre-planning of a response can make a major difference in assuring the eventual outcome. 
Training includes the functions, methods, and procedures necessary to ensure the safety 
and health of employees conducting small scale emergency response clean up in the 
petrochemical-complex. The following standard emergency procedures will be used on-
site emergencies and the Site Supervisor shall be responsible for ensuring that the 
appropriate procedures are followed. 

Spills of materials will be contained with absorbents and booms. The absorbents and 
booms will be disposed of as hazardous waste. Large volumes of free liquid will be 
pumped into drums for storage or picked up by small vacuum truck. Any contaminated 
soil resulting from the spill will be excavated and stored on-site pending analysis (if 
needed) and properly disposed. 

Safety: 

The safety equipment required for this procedure will vary for each type of spill clean up 
incident. However, in all cases the next higher level of Personnel Protection Equipment 
must be employed for this response procedure than was worn during the operation in 
which the incident occurred. 

Example: If wearing a modified level D, the emergency or spill must be approached 
with level C. 

Equipment: 
A. Spilt Kit 

(0 85 gallon Salvage drum 
(2) 20 gallon poly drums 
(3) 50 lbs bags of clay based absorbent 

(0 32 ft. spill sock( much more for marine spills.) 
(1) plastic shovel 
(2) Saranex Tyvek (XL) 
(2) pair of Nitrile or "Trionic" gloves 
(2) pair Butyl Rubber gloves 
(2) pair of Large Boots 
(1) roll of duct tape 

B. Fire Extinguisher E. First Aid Kit 
C. Eye wash and/or Emergency Shower F. Fire Blanket 
D. Shovel 
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Site Preparation: 

1. Review the site emergency response and spill control procedures with the area 
supervisor 

2. Survey the work area for on-site safety equipment or response equipment 
3. Make modifications to the procedure as site conditions warrant. All changes 

must be noted on the Site Safety Plaa 

Procedure: 

1, Emergency Response 

A. Personnel Injury In the Exclusion Zone 

1. Sound the designated emergency signal 
2. The nature of the injury should be determined and the affected 

person(s) should be decontaminated as best as possible prior to 
movement. 

3. If the injured party (ies) can be evacuated without further injury, 
the party (ies) should be moved to a clean area outside the 
exclusion zone, otherwise a stretcher should be used. 

4. All other personnel must be immediately exit the exclusion zone 
until cause of injury is determined 

5. The appropriate first md shall be administered and contact should 
be made with the designated medical facility 

6. Determine the cause of the injury or symptoms 
7. When medical help arrives, give them all information about the 

injury chemical information (ex. Material Safety Data Sheet, 
Chemical Dictionary) 

8. Notify the appropriate Supervisor or Health and Safety Manager 
9. Proper changes in work plan and/or Site Safety Plan to prevent 

recurrence. All changes are required to be reviewed and approved 
by the Operations Supervisor and Health and Safety Manager or 
Operation Manager prior to implementation. 

B. Prevention Injury Outside the Exclusion Zone 

1. Notify the Site Supervisor 
2. The appropriate first aid shall be administered and contact should 

be made with the designated medical facilty. 
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3. Determine the cause of the injury or symptoms 
4. When medical help arrives, give them all information about the 

injury (ex. MSDS,Chemica! Dictionary infor,etc.) 
5. Notiiy the appropriate Supervisor or Health and Safety Manager 
6. Proposed changes in work plan and/or Site Safety Plan to prevent 

resources All changes are required to be reviewed and approved 
by the Operations Supervisor and Health and Safety Manager or 
Operational Manager prior to implementation. 

C. Fire and Explosion in Work Area 

1. Activate fire alarm system. Sound the designated emergency signal 
or call the fire department 

2. Remove all contaminated equipment if able. Leave the exclusion 
zone, and assemble at a pre-determined site. Check personnel for 
injuries. 

3. Move all personnel upwind of the involved area 
4. Small fires which can be put out with on-site fire extinguishers may 

be done by trained personnel outfitted in the appropriate safety 
equipment 

5. Notiiy the Operations Supervisor 

D. Personal Protection Equipment Failure 

1. Move to clean area of the exclusion zone with your buddy 
(Buddy System) 

2. Remove all contaminated equipment and leave work area 
3. Notify Supervisor of any equipment failure. Supervisors will 

arrange for repair or replacement of defective equipment. 
4. Re-enter area only after the defect has been repaired or replaced 

E. Other Equipment Failure 

1. Report equipment failure to the Site Supervisor 
2. If the failure affects the safety of personnel or prevents the 

completion of work, all personnel must leave the exclusion zone 
until appropriate action is taken 
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F. Air Quality Deterioration 

1. Immediately leave the area. Determined the nature and source of 
emissions 

2. Determine the appropriate PPE required to protect against 
contamination. Set up air monitoring equipment if necessary 

3. Don all PPE and re-enter area. If possible, remove or control 
the hazard causing the air quality deterioration 

n Spill Control 

A. In the event of a spill, the Site Supervisor shall implement these steps in controlling 
and minimiäng the spill. 

1. Identify the material, the source,and extent of the spill 
2. Don all appropriate safety equipment based on material evaluation 
3. Stop the source,drum and contain the leaking material 
4. Notify appropriate supervisors, managers and State and Federal agencies 

(as required) 
5. Remove spilled material 
6. Stabilize the soil or sludge with absorl>ent( if spilled on the ground and if 

required) 
7. Excavate area (if required) 
8. Package, mark, and label as required 
9. Test surrounding environment, if warranted. 

This process will be carried out in a timely manner to avoid further contamination. Large 
volumes of liquids will be transported by a small vacuum truck for high temperature 
incineration. 

General Precautions-Drum Handling: 

1. Treat all drums as unknown hazards until analysis are complete or until contents 
have been verified 

2. Avoid unnecessary handling of drums 
3. Always work upwind of any fiimes or vapors 
4. Inspect drums for stress, jagged edges, bums, rough or slippery surfaces 
5. Get a firm grip on the drum 
6. Keep fingers away from punch points, especially when setting down drums 
7. Keep gloves clean of waste materials 
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8. Use safe lifting techniques,use teamwork, or drum handling equipment to handle 
load safely. 

9. When possible, use equipment to move and/or handle drums to minimize personal 
contact 

Drum Opening: 

1. Use only non-sparking (e.g.,beryllium or beryllium alloy) tools. 
2. A ftill-face respirator with appropriate cartridges or supplied air and the proper 

personnel equipment, including protective outerware and gloves, must be worn 
when opening drums that contain hazardous materials or the residues of hazardous 
materials. 

3. Caps, plugs and bungs on full and empty drums are to be open slowly to permit 
gradual release of pressure (opened to point of a slow hiss). When pressure may be 
present, cover the drum opening with rubber or plastic sheeting before the cap or 
plug is removed, loosening same under the sheeting, so that any spurt of contents 
well be confined. 

4. Caps, plugs and bungs are not to be removed until all hissing or pressure release 
has stopped,and then open slowly. Caution, corroded threads can gjve a false 
impression that pressure has been relieved. 

5. Once removed the bung must be kept on top of drum with the contaminated side 
up so the top of the drum does not become contaminated. 

6. If a gasket (one that covers the entire opening) remains in place on the drum after 
removing the cap, it may hold pressure. After removing the cap, pry off these 
gaskets carefully. 

7. When using drum deheader remember that only the blade is non-sparking and to 
work slowly. 

Drum Sampling: 

The following safety equipment must be used in addition to the standard uniform,when 
sampling drums. 

1. Respiratory Protection; select one of the following. 

A. Full face cartridge respirator 
B. Supplied air 

(1) Bottled air with air-line are escape bottle 
(2) SCBA 
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2. Tyvek suit with boots cover 
3. Latex, Nitrile, or "Trionic" inner gloves with PVC outer gloves 

Equipment; 

The following materials will be needed to perform this operation: 

1. Barrier tape and/or warning signs to isolate area. 
2. SampUng tube (114" or 112") and bulb or coliwasa 
3. Nalgene bottles (1 pt) 
4. Spill pillows or sock for diking & spills 
5. Bung wrench 
6. Organic vapor monitor (if needed) 
7. Drxmi deheader (if needed) 
8. Fire extinguisher (dry chemical or ABC Type) 
9. Standard tool kit 

Preparation: 

For large scale sampling jobs (over 20-5Sgsd) or uncontrolled sites or specific hazard 
analysis must be performed prior to project commencement. 
Check work area for radioactivity-
Set up exclusion zone with barrier tape and place warning signs in plain view. 
Set up organic vapor monitor, if required. 

Procedure: 

1. Don all protective equipment 
2. Assign each drum a unique serial number and mark that number on the drum 
3. Open drum slowly be aware of any hissing or pressure inside drums. Check 

for reaction of material with the air 
4. Insert the coliwasa a sample tube the entire length of the drum (make sure glass 

tube is not broken on the end) 
5. Remove tube and place material in nalgene bottle. Repeat until the nalgene is full. 

Fill a second nalgene. 
6. Complete Sample Log for each sample taken Label each sample jar with the 

appropriate drum number 
7. Use a new sample tube for each drum. Place used tube in a drum marlced for 

for contaminated debris 
8. Close drum. 
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Site Mobilization: 

1. 

2. 
3. 
4. 

Breakdown work area. Place any non-reusable contaminated item in drums for 
disposal. Plastic and other non-contaminated material may be placed in municipal 
trash. 
Decontaminate any reusable equipment. Decontamination of equipment. 
Remove personal protective equipment. 
Complete a Chain of Custody Form,if required. 

9,10.1 Marine Oil Spill 

The Team Concept is used in various emergencies such as oil spills, and fires during 
marine oil spills in the Gulf of Guinea, Various types of equipment are always needed on a 
stand-by basts in such offshore emergencies. 

Equipment: 

Medical Portable surgical rooms, surgical tools, operating tables. 
X-ray equipment, EKG machine, EEG machine,artifical 
respirators,and oxygen tents. Ambulances for delivery of 
patients. 

Supplies Bandages, guaze,needles,thermometers,surgical towels, 
glucose,saline,and D (5) W, 

Personnel Medical and Surgical physicians. Nurses, Attendants 
X-ray technicians, and Drivers 

Fire Equipment 

Fire fighting Team and Security Guards 
Marine Personnel (to man the boat) 

Two fully equipped fire engines. Also, a ladder truck 
to reach areas in the tank farm. Fire Chief vehicles and one 
truck for air respirators 

Offshore-Equipment One fiiUy equipped emergency marine vehicle(boat),to 
include,pumps, hooks, absori>ents(rolls),surfactants, 
first aid kit(s), oxygen, and basic medicines for injured 
workers. Large fish nets for sampling to include large jars. 
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Oil-Spill Equipment 
(On shore) 

Disposal of Oil Spill 

Two small vacuum trucks,approximately 70 bbts. each to 
pick up any liquid hydrocarbons. Foam or absorbent 
materials to soak up small areas of liquid hydrocarbons. 
Front end loaders for area involving contaminated soil/ 
hydrocarbons 

Effects will be made to salvage liquid hydrocarbons such as 
crude oil, unleaded gasolines, fuel oil, and naphtha for 
separation by centrifugal force. All contaminated debris or 
solids/sludges are incinerated on site(on-shore). 

A marine oil spill, i.e. crude oil or petroleum products, need to be contained and removed 
as quickly as possible. Most petroleum products are lighter than seawater. The use of oil 
skimmers or surfactants are extremely useful for spills. 

During a marine spill on the Gulf of Guinea, the proper authorities must be notified on an 
immediate basis. The General Alert Procedure has been noted for a marine oil spill on the 
Gulf of Guinea. 

General Alert Procedure: 

The General Alert Procedure,consist of initially discovery and notification phase, of the 
marine spill on an immediate basis to the National Reporting Center. The Duty Officer, 
National Oil Spill Response Center and Environmental Protection Council will notify the 
National-On-Scene Commander, Ministry of Defence of the marine oil spill. 

The National-On-Scene Commander (Ministry of Defence will contact the following 
agencies and NGO's. 

1. Navy-On-Scene 6. EPC Regional/District 
(in area of Threat) 

2. Local Communities 
(Fire Brigade,Police) 

7. Game & Wildlife Service 

3. Maritime Safety Authorities 8. Ghana Port Authority 
4. Other Ministries or 9. Advisory Services 

State Department (Meterolo^cal Services Department) 
5. Neighboring States 10. Regional/Internal 

(within WACAF) Operations 
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General Alert Procedure 
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The use of absorbent material is needed to remove oil sheen as quickly as possible. Some 
crude oil may be removed by pumps of heavy oil on top of seawater. Containment and 
removal are the key steps in a marine oil spill. 

Efforts during the marine oil spill is coordinated with the Plant Manager, Health and 
Safety Manager, and Operations Manager. If employees were injured during the marine 
spill, the same procedures to move the injured personnel from the area of exclusion as 
quickly as possible are valid. 

Samples of marine life is taken to determine the impact of the marine oil spill- Seawater 
samples are taken to determine the baseline, quantity of contaminant, estimated area of 
contamination, depth of contamination, and operational clean up status of the seawater in 
the Gulf of Guinea, 

9.11 Training, Documents, Manuals and Presentation Material 

Training documents includes three major areas, (1) crude oil refining, (2) operations and 
maintenance, and (3) health and safety documents and manuals. Personnel to include 
administration, operations and maintenance, and operators. 

Crude Oil Refining: 

Basic courses in crude oil refining to include basic petrochemical processes and 
specifically the production of methanol. Understanding the structure and fiinction of each 
unit,i.e. Atmospheric Tower, FCCU, Visbreaker, Gas Concentration Unit, Splitter, Syngas 
Conversion Unit, and Unibon Unit. 

The production of methanol, includes basic knowledge of hydrocarbon chemistry, i.e. 
alkanes and alkenes. Understanding the use of heat treatment and catalytic reactions 
involved in methanol production. API materials will be used to instruct the employees 
on crude oil refining. 

Operational Procedures and Maintenance: 

Each operator will be presented with the basic knowledge of instrumentation in the control 
room. Modules used to give the operators experience and hand on knowledge of the 
instrumentation panels in the control rooms. 

Maintenance training includes all sections of the petrochemical-refinery complex. 
Manufacturers such as Siemens and Honeywell will provide materials and instructional 
manuals on electrical instrumentation. 
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Scheduled maintenance activities to include documents used to develop a history on the 
maintenance of each machinery and equipment group. Corrosion and preventive 
maintenance are taught to develop an operating and maintenance history. Also, evaluate 
each metal component to determine any activity of corrosion. 

Health and Safety: 

All courses in health and safety are mandatory for employees to include the Chairman, 
Ankobra Resources Ltd. A record of courses are kept by the Health and Safety Manager. 
Basic CPR is essential in case of an emergency and injured workers. 

Most of the manuals on health and safety will be purchased from the National Safety 
Council, Washington,D.C- Video tapes will be used and each completed unit will end with 
an exam of the basic materials presented- Software programs using various OSHA 
standards will be used to maintain a safe environment for the petrochemical-refinery 
woricers. 

The National Safety Council will do in-house training for employers on a world -wide 
basis. Many industrial and educational firms have the same capabilities internationally. 

Training and Training Standards 

Materials Trainer ReflningMaintenance 
operations 

AP! Documents Professional X X 

Int'1 Refineiy Assn, Professional X X 

API Video Engineer* X X 

Fire Fighting 
Regulatory Laws Health** 
Medical Records Health** 

Instnunentation Professional X X 

(electrical-panels) 
Computer I^fessional X X 

(software )nx)grains) 

Safety Courses Professional 
Videotapes Safety** 

Health Courses Professional 
Videotapes Health* • 
CPR basic X X 

Noise-Indoor Professional X X 

Video tapes Safety** X X 

Safety Health OSHA 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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* in-house staff nith training background and experience and attendance of train the 
trainer program 

•• both health and safety staff wilt meet the same requirements to include attendance of 
train the trainer program. 

9,12 Monitoring Programs 

The proposed Environmental Management Programme will focus on the management of 
major environmental impacts of air quality,water quality,wastewater discharge.soil, noise, 
and groundwater. Our environmental management plan will start in the first year of 
construction and span the entire life cycle of the petrochemical-refinery complex 
operations-
Proper management of the environmental factors such as air quality, water quality, 
wastewater discharge, drainage, soil, noise, and groundwater monitoring are the 
responsibilities of the environmental engineer. All sampling of the air, water, wastewater, 
soil, noise, and groundwater during the operational phase is the responsibility of the 
environmental laboratory of the petrochemical and crude oil refining complex. 

The key components of the Environmental Management Systems, includes commitment, 
preparatory review, environmental policy, organization & personnel, evaluation & register 
of effects, registration of regulations,objectives and targets, management programme, 
management manual,operational control, records, audits, and reviews. All flinctions and 
implementation of the Environmental Management Systems is the responsibility of the 
Board of Directors, Ankobra Resources Ltd. 

Commitment of the Board: 

The Board of Directors, Ankobra Resources Ltd has the responsibility of creating and 
maintaining an environmental safe conditions for its employees, Anoe Village, and other 
regional inhabitants potentially to be impacted. Listed are the commitments of the Board 
of Directors, Ankobra Resources Ltd, as related to environment compliance. 

1. environmental compliance on all air emissions to include off-gases within the 
perimeter of the proposed petrocheinical-refinery complex. Specifically, NOx, 
SOx, CO, particulates, and suspended solids,but not limited to these pollutants. 

2. environmental compliance in terms of water quality,whether usage is for drinking 
or industrial use within the perimeters of the petrochemical-refinery complex. 
Specifically, physical parameters ( color, odor, temperature, solids (residues), 
turbidity, oil content, and grease), characteristic of solids (suspended solids, 
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Environmental Committee Flow Chart 
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dissolved solids (size and setteability), organic (volatile) fraction, and inorganic 
traction), chemical parameters ( biochemical oxygen demand (BOD), chemical 
oxygen demand (COD), total organic carbon (TOC), and total organic demand 
(TOD)), inorganic chemicals parameters ( salinity, hardness, pH,acidity, alkalinity, 
iron, manganese, chlorides,sulfates,sulfides,heavy metals (mercury,lead.chromium, 
copper and zinc), nitrogens ( organic,ammonia,nitrate,and nitrites), phosphorous, 
biological properties of water ( coliforms, fecal cohfonns,and pathogens). 

3. environmental compliance in terms of wastewater monitoring, includes sampling, 
analysis, and waste water treatment before discharge Specifically, flow, BOD, 
COD, TOC, TSS, Sulfides, Oil and Grease, phenols, animonia,and chromium 
The environmental compliance includes wastewater discharge into the Gulf of 
Guinea, specifically, temperature, fecal coliforms,pathogens, organic,ammonia, 
nitrates.nilrites.heavy metals,salinity, hardness. pH, acidity, alkalinity, iron, 
manganese, chlorides, sulfates, sulfides, nitrogen, phosphorous,BOD,COD, 
TOC,TSS,odor, and color, 

4. environmental compliance in terms of land contamination to include the proper 
disposal of hazardous waste chemicals and materials. Proper use of land mass 
as bermed areas in case of spills of crude oil or petroleum products. 

5. environmental compliance of the inhabitants in the immediate area to areas of 
influence (i e. 100m distance of the proposed site of operation) as related to 
petrochemical-refinery complex. Specifically, by monitoring with the Opsis 
system, using most stringent air emission regulations( mutually agreed between 
proponent and Ghana EPA), design of the petrochemical-refinery units to meet 
the ^r emission regulations imposed. 

The primary monitoring area, 10km from the center of the proposed processing 
equipment zone. An outer perimeter, approximately 100m in a rectangular 
configuration, and a Opsis monitoring unit at the boundary line of Anoe Village. 

Preparatory Review: 

The preparatory review has been partially made during the gathering of data on the 
proposed site. Specifically, the spatial relationship of Anoe Village and the proposed 
petrochemical -refinery primary zone of processing equipment, use of desalination , 
wastewater treatment facility for wastewater treatment and discharge.pipeline monitoring, 
and land contamination on air emissions, potential groundwater contamination, and 
hazardous waste disposal. 
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Preparatory Review Chart 

Environmental Factor 

Air Emissions 
Water 
Wastewater 
Pipeline (SPM) 
Hazardous Waste Management 
Power Plant Generation 
Anoe Village People 

Strengths 

X 

X 

Weakness 

X 

X 

On^rtunitics Threats 

X 

X 

X 

Strengths: 

1. Air emissions 

2. Water 

3. Wastewater 

.Weakness and Threat: 

I. Pipeline (SPM) 

Opportunties: 

1. Hazardous Waste Mgt. 

2. Power Plant Generation 

use of pollution control equipmentjOpsis 
monitoring systems and low sulfirr crude 
allows meeting stringent air emissions 
"closed system" from the Gulf of Guinea, 
significant reduction of both land and water 
contamination 
only 10% of wastewater is expected to be 
discharged into the Gulf of Guinea on an 
annual basis. Discharging of wastewater into 
the Gulf of Guinea is controlled decision and 
not a routine function 

marine oil spils in the Gulf of Guinea near 
the SPM is a weakness. Mainly employee 
operated errors cause of spills. It is a threat 
to the aquatic organisms. 

the capability of virtually using about 90% 
of raw material throu^ reforming of crude. 
Use of inetmal boiler for intermediates and 
significant reduce sludges/solids, 
use of steam to produce electricity and sell 
excess power to local power grid system. 
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Environmental Policy: 

Many of the environmental policies are modified policies of existing regulatory bodies to 
concur with the present environmental policies of the Ghana Environmental Protection 
Agency. Each environmental policy adopted by Ankobra Resources Ltd. priority is the 
envirormiental compliance of the Ghana Environmental Protection Agency regulations and 
a more stringent applicable such as air emissions, water quality, wastewater discharge, 
and hazardous waste disposal (Appendices III). 

Example: 

Ankobra Resources Ltd will use the mandated air emissions parameters fi"om the Ghana 
Environmental Protection Agency plus the more stringent air emission parameters such as 
the NAAQS, U.S. EPA. Modem pollution equipment is designed to meet such regulatory 
parameters. 

Table 2,1 The National Ambient Air Quality Standards 

Pollutants 

Sulfur dioxide 

Particulate matter {1) 
PM (10) 

CaiboR Monoxide 

Nitrogen dioxide 

Hydrocaibons 

Cfeonc 

Lead 

Average 
Time 
Annual average 

24 h 
3h 

Annual average 
2411 

8h 

l b 

Annual average 

3 hour (6-9AM) 

(corrected for methane) 

lh(4) 

Primary 
Standard 
80 ug*/m(3) 
365 ug*/m(3) 

Secondary 
Standard 

I300ug*/ni(3) 

Measurement 
Method 

Pararosanaline 
or equivalent 

8h(5) 
Calendar quarter 

Maximum arithmetic average 

50 ug*/m(3) same 
150ug"/m(3) same 

10,000 ug'/m(3) same 

40,000 ug*/ni(3) same 

100ug*/m(3) same 

160 ug*/m(3) same 

235 ug*/m(3) same 

I60ug*/m(3) sariK 
i.Sug*/m(3) same 

Size selective 
samplers 

Nondispersive 
infrared 
Spectroscofiy 

Colorimetiy 

Flame ioniza
tion detector 

Chemilumin-
esccnt method 
or equivalent 
Atomic 
adsorption 

Standards based on other atuiual average are not to be exceeded more than once per year. 
Primary standards-set to protect himian health. Secondary standards-set to protect puMic welfare 
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(1) Only panicles with an aerochnamic diameter less than 10 um or 2.5 um. 
^ Areas will be in compliance when the three year average of the annual arithmetic mean 

concentration.rrom single or multiple communitv monitorsjs less than or equal to 15 ug/m(3). 
Q) Based on the 98th percentile of the 24-h concentrations in a year average over 3 years at the 

population-oriented monitoring site with measured values in the area. 
(4) This standard uill not be revoked until area has achieved 3 consecutive years of air qua]it>' data 

meeting the 1-h standard. 
(5) Areas are in compliance when the 3-year average of the annual 4th highest daily maximum 8-h 

concentration is below 160 ug/ni(3) 

Wastewater: 

Raw Wastewater Petroleum-Refinery Industry 

Cracking 
subcategory 

Petrochemical 
subcategory 

Characteristics Range (b) Median Range(b) Median 

Flow(c) 3.29-2,750 93.0 26.6-443 109 
BOD (5) 14,3-466 72.9 40.9-715 172 
CCB 27.7-2.520 217 200-1,090 463 
TOC 5.43-320 41.5 48.6-458 149 
TSS 0.94-360 18.2 6.29-372 48.6 
Sulfides 0.01-39.5(d) 0.94(d) 0.009-91.5 0.86 
Oil and Grease 2.86-365 31.2 12.0-235 52.9 
Phenols 0.19-80.1 4.00 2.55-23.7 7.72 
Ammonia 2.35-174 28.3 5.43-206 34.3 
Chromium 0.0008-4.15 0.25 0.014-3.86 0.234 

(a) After refinery oil separator 
(b) Probability of occurrence less than or equal to. 10 or .90,Fespectively 
(C) 1,000 m(3)/1.000 m(3) of feedstock throughput 
(dó Sulfur 

Source: U. S. Environmental Protection Agency, 1980, p.II. 14-17. 

Water Quality; 
Maximum Contaminant Levels in Community Water Systems 

Contaminant 
category 

Contaminant Maximum contaminant 
level 
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Primaiy standards 

Inorganic chemicals Arsenic 0.05 mg/L 
Barium 1 
Cadmium 0.010 
Chromium 0.05 
Fluoride 4.0 
Lead 0.05 
Mcrcuiy 0.002 
Nitratct as N) 10 
Selenium 0.01 
SiKer 0.03 

Organic chemicals Chlorinated hydrocartwns 
Endrin 0.0002 mg/L 
Lindane 0.004 
Mcthoxvchlor 0.1 
Toxa[rtiene 

Chlorophenoxys 

0.005 

2,4.-D (2,4-dichlorophenoxyaceUC acid) 0.1 
2.4,5-TP Silvex (2.4.5,-trichlorphenoxy-

pn^onic acid) 
0.01 

Total trihalomcthane (the sum of the conceniralions 0.10 
of bromodichloromethanc.dibromochtoro methane, 
tribromomethane (bromoform). and trichloromethane 
(chloroform) 

TurtMdily Tuibidity 1.0 JTU (turibidity units) 

Radioactivity Combined radium 226 and radium 228 
Gross alpha-particle aclivity(including 
radium 226 but excluding radon and uranium) 

5pCi/L 
15pCi/L 

Bacterologica) Total Conform 1/lOOmL 

Secondary standard 

Miscellaneous Aluminum 
Chloride 
Color 
Copper 
Corrosivity 
Fluoride 

0.05 to 0.2 mg/L 
250 mg/L 
15CU(coloruiüts) 
1.0 mg/L 
Noncorrosive 
2.0rag/L 
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Foaming agents 0,5 mg/L 
Iron 0.3 mg/L 
Manganese 0.05 mg/L 
0(to 3 Ton (a) 
F« 6.5 to 8.5 
Silver 0.1 mg/L 
SuHate 250 mg/L 
Total dissolved solids (TDS) 500 mg/L 
Zinc 5 mg/L 

(a) Threshold odor number 
Source; Compiled using data from U.S. Environmental Protection Agency,1991e, and 199 If. 

Both the Raw Wastewater-Refineiy Industry values and Maximum Contaminant Levels in 
Community Water Systems are used additionally to the Ghana EPA. Provided such values 
are more stringent than the Ghana EPA values for both wastewater and water quality. 

Organization and Personnel: 

Ankobra Resources Ltd, as related to the Environmental Management System has given 
specific responsibilities to both line workers and management concerning the 
environmental management system There are five areas that designated personnel are 
needed to carry out the duties and responsibilities in the areas of,( ' ) air emissions, (2) 
water quality, (3) wastewater discharge, (4) hazardous waste disposal, and (5) inhabitants. 

The Board of Directors will form an Environmental Committee that monitor and 
implement any forms of mitigation to continue on an environmentally safe and compliant 
course. Managing Director, reports in writing on a monthly and quarterly basis the 
environmental conditions of the petrochemical-refinery complex. The weekly report 
iiïcludes the following: 

1. air emissions, daily output to include SOx, NOx, CO, Suspended particles, 
color of plume,downtime fi-om air emissions, and meteorolo^cal conditions. 
Also, Opsis gas emissions readings fi"om the lOkm, lOOm, and Anoe boundary 

2. water quality, daily output of organics, inorganics, heavy metals, nitrogen, 
phosphorous,BOD,COD, TOC, etc. 

3. wastewater discharge, totals for recycling,tota] for incineratton,total for discharge 
into the Gulf of Guinea on a daily basis. Also, the organics and inorganics and 
many of the parameters noted in water quality. 

4. hazardous waste, d^ly output in the forms of liquid, solids, and gases. Totals for 
each group such as liquids,solids, and gases. Total amount of metals that are 
candidates for recycling, 
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5. Incidents involved in crude oil /petroleum products that were potentials for spills 

The weekly reports have been received from the personnel listed below. 

1. Environmental Engineer 

ft. Environmental Technician 
b. Ha2ardous Waste Specialist 

2. Environmental Laboratory Manager 

a. Environmental Laboratory Technician 

Evaluation & Register of Effects: 

The Managing Director provides the monthly and quarterly environmental report to the 
Environmental Committee. The Environmental Committee review,discuss, and make 
recommendations on the monthly and quarterly environmental reports. 

Factors such air emissions are over the mandated regulations by the Ghana EPA, efforts 
are made on an immediate basis to make the necessary correction to remain in compliance. 
Compliance is the key issue, the petrochemical -refinery complex is not operating as 
designed when specific values exceed the regulations for such activities. 

The analytical results of water being used in the petrochemical-refinery complex shows 
value greater than the mandated Ghana EPA regulations corrections are taken on an 
immediate basis, A clean and healthy water source is vital to both man and machinery 
in the petrochemical-refinery industry. 

Wastewater analytical results are key indicators of the entire system. Many fiinctions are 
dependent upon the value of water as a cooling medium, an excessive deposit of metals 
can cause serious problems for the entire system. 

The Environmental Committee will be empowered to contact the manufacture of any 
modular unit to seek expert advice on any problem in a specific processing unit. Also, the 
manufacturer of any pollution equipment and electronic instrumentation devices. 

The President, Ankobra Resources Ltd. has the administrative responsibility to carry out 
the recommendations of the Environmental Committee. All recommendations received by 
the President are directed to the Managing Director for implementation. 
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Register of Regulations: 

The register of regulations are the responsibihty of the environmental comphance officer 
AH environmental regulations as mandated by the Ghana EPA are accepted, becomes 
the regulations of use, review the legal ramifications of such regulations, and monitor the 
petrochemical-refinery complex and its use of such regulations. 

The environmental compliance officer has to interface with the Ghana EPA on compliance 
issues such air emissions, water quality, wastewater, and hazardous waste when the 
petrochemical-refinery is not in compliance. 

Other environmental issues involving the nearby inhabitants are the responsibility of the 
environmental compliance officer Any issues pertaining to infractions of the 
environmental permit such as illegal dumping of waste on-site is the responsibility of the 
environmental compliance officer, A report of such activities shall be investigated and the 
proper personnel at the Ghana EPA are to be notified of such incident(s). 

Objects and Targets: 

The main objects of the petrochemical-refinery project is to remain compliant for its air 
emission, water quality, wasterwater discharge, hazardous waste, and areas of influence 
(i.e. Anoe Village), The targets of the petrochemical-refinery complex is the values of 
and analytical data fi'om air emissions, water quality, wastewater discharge, hazardous 
waste disposal (i.e. methods and procedures) are within the mandated envirorunental 
regulations to include stated values of the EPA. 

Targets- Air Emissions 

Environmental Faaors 

Air emissions 
a. sulfur diaxidc 

b. paniculalc matter (PM 10) 

c. caibon monoxide 

d nitrogen dioxide 
e hydrocart»ns 
f o/onc 
g. lead 

NAAQS 
Primary 

80ug/m(3) 
365 ug/m(3) 

50 ug/m(3) 
150ug/m{3) 

10.000 ug/m(3) 
40,000 ug/m(3) 

100 ug/m(3) 
160 ug/m(3) 
235 ug/m(3) 
160 ug/m(3) 
1.5ug/m(3) 

Secondary 

1300ug/m(3) 
sanic 
same 
same 
same 
same 
same 
same 
same 
same 
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The targets for water quality will enable the entire petrochemical-refinery complex to 
operate all processing units to decrease pitting and corrosion of metal components Ultra-
pure water allows the petrochemicals to reduce the levels of potential contaminants and 
provides product of higher quaUty. 

Targets-Water Quality 

Envifoamental FscU)r Maximum Contami 
Water quality 
a. arsenic 0.05 mg/L 
b. barium 1 
c. cadmium 0.010 
c. chromium 0.05 
d fluoride 4.0 
e. lead 0.05 
f mercufv 0.002 
g. nitrates (as N) 10 
h. selenium 0.01 
i. silver 0.05 
j . endrin 0.0002 mg/L 
k. lindane 0.004 
1. melhoxyctilor 0.1 
m. loxaphcne 0.005 
n.. 2.4, D 0.1 
0. 2.4.5-TP 0.01 
p. total trihalomcihanc 0.10 
q. combined radium 226 and radium 228 5pCi/L 
r. gross alpha-panicle activity 15pCi/L 
s.. total coliform 1/100 mL 
t aluminum 0.05 to 0.2 mg/L 
u. chloride 250 mg/L 
V. color 15 CU (color units) 
w. copper 1.0 mg/L 
X. corrosivity noncorrosive 
y. fluoride 2.0 mg/L 
z. foaming agent 0.5 mg/L 
aa. iron 0.3 mg/L 
bb. manganese 0.05 mg/L 
cc. odor 3 Ton (a) 
dd. pH 6.5 to 8.5 
ee, silver 0.1 mg/L 
rr. sulfate 250 mg/L 
gg,TDS 500 mg/L 
hb. zinc 5 mg/L 
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Targets-Raw Wastewater Parameters 

Cracking Petrochemical 
subcategory subcategofy 

Characteristics Range(b) Median Range (b) Median 

flw (c) 3.29-2.750 93.0 26.6-M3 109 
BOD (5) 14.3-466 729 40,9-715 172 
COD 27.7-2,520 217 200-1.090 463 
TOC 5.43-320 41.5 48.6-458 149 
TSS 0.94-360 18,2 6.29-372 48.6 
Sullidcs 0.01-39.5(d) 0.94(d) 0.009-91,5 0,86 
Oil and Grease 2.86-365 31.2 12.0-235 52.9 
Hienols 0,19-80.1 4.00 2.55-23.7 7.72 
Ammonia 2.35-174 28.3 5,43-206 34.3 
Chromium 0.0008-»,15 0,25 0.014-3.86 U.234 

The targets for the air emissions are applicable to both the incineration unit and the 
electrical power generating unit. All three areas, are designed to emit steam, which 
includes NOx, SOx, Suspended solids, CO, and Particulate matter. 

Values listed as targets for the raw wastewater parameters are shown before being 
subjected to the wastewater treatment facility Therefore the values should be much lower 
than the raw wastewater values stated as targets.The same values apply to the incineration 
and electrical power generating units as related to raw wastewater values and the 
wastewater treatment facility. 

Management Programme: 

Proper management of the environmental factors such as air quality, water quahty, 
wastewater discharge, drainage, soil, noise, and groundwater are part of the management 
programme Theses environmental factors are the essence of the entire management 
programme 

An environmental management programme involves, (1) qualified environmental 
personnel, (2) monitoring of the specific parameters to meet environmental standards, and 
(3) solutions and resolution to environmental problems. Management of hazardous waste 
or materials implements the needed action to remain compliant under such programme. 
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Environmental Management Plan-Pre-Construction 

EnvironmeDtal 
Factors 

Resources Impleinenlaüon 
Schedule 

ContracloT Cost 

Soil. Air. Water 
Ground» aier. Noise 
Geomorphologjcal 
Conditions 
Landsat data 
Seismic 
Marine Stuc^ 

Baseline Study First year 
Engineering First year 

Baseline Study First year 

Env.Contractor $ 500,(KX) 
Env. Contractor 

Env.Contractor $1,000.000 
Universities 

Environmental Management Plan-Construction 

Air Air Quality 2nd year Env.Contractor $ 60,000« 
I>isl Specialist 
Melerolopcal Meteorological 2nd year Env. Contractor S 20,000 
Patterns 
I>rainage Engineering 2 ndyear Env. Contractor $ 50.000** 
waste water Firm 
Groundwater Engineering 2nd vear Env. Contraaor $ 30.000** 
Water Quality Engineering 2nd year Env. Contractor $ 20.000* 

* ddnted from the University funded study for both land and marine tnota 
•* debited from feasibility study budget 

Environmental Management Plan-Operation 

Emironmcntal Resources Implementation Contractor Cost 
Factors 
Soil Enviromnental 

Engineer 
Third year Env.Contractor $30,000 

Sampling Environmental Lab Third year Env. Contractor $ 5.000 

Air Quality Environmental 
Engineer 

Third year Env. Contractor $ 60.000 

Sampling En\ironinentaI Lab Third year Env. Contractor S 10.000 

Water Quality Environmental 
Engineer 

Third year Env.Contractor $30,000 
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Sampling Environmental Lab Third year Env. Contractor $ 20,000 

Groundwater 

Sampling 

Emironmental 
Engineer 
Emironmental Lab 

Third year 

Third year 

Env. Contractor $ 20,000 

Env. Contractor S 5.000 

Meteorological 
Patterns 

Environmental Third year Env. Contractor J 20,000 

[>rainage 

Sampling 

Environmental 
Engineer 
Environmental Lab 

Third year 

Third year 

Env. Contractor $ 20.000 

Env. Contractor $ 5,000 

The environinental laboratory will be responsible for the management of all sampling 
procedures, shipping, crating, completion of work, and testing results within its capacity. 
Also, control samples for dual testing and sampling as required for any certified study. 

The environmental laboratory will be sectionalized in accordance to work responsibilities. 
Those areas will be chemistry, water chemistry, air measurement, noise measurement, 
wastewater analysis, soil analysis, and pesticide analysis. 

Many of the basic monitoring duties as related to the petrochemical refinery complex will 
have sensors in line and monitored by computer with digital output. All tarjcage will be 
monitored for gases, measurement of volume by sensors connected to computers. 

In the first and second year of construction of the petrochemical-refinery complex (I) 
baseline data for air,water, soil, groundwater, and wastewater will be collected,and 
(2) implementation of control points for each environmental factor established. Third and 
fourth year will entail actual methods and procedures of implementing the management 
program. 

Envirormiental Management Plan- Operations* 

Environmcnial Resources Implementation Contractor Cost 
Factors Schedule 

Soil Environmental 
Engineer 

Fourth year (1) Env. Contractor $20,000 

Air Quality Environmental 
Engineer 

Fourth year Env. Contractor $60,000 

Water Quality Environmental 
Engineer 

Fourth year Env. Contractor $30,000 

Drainage Environmental 
Engineer 

Fourth year Env. Contractor $20,000 
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Meieorological 

Sampling 
a. air 
b. water 
c. groundwater 
d wastewater 
e. soil 

Environmental Fourth year Env. Contractor $ 20,000 

Environmental Lab Fourth year (1) Env. Contractor $45,000 

Permanent Dpcration5.daily,weekty, and monthly sampling for different parameters for specific 
en\'ironmcntal factors. 
All activities on a permanent basis will start in the fourth year in the construction of the 
petrochemical - refinery complex on an annual basis. Permanent air monitoring locations to 
include adjacent boundaries to the petrochemical - refinery complex and domestic housing. 

(I) 

Monitoring of the m quality in tenns of emissions is one of the key duties in our 
environmental management program. This monitoring program will include monitoring of 
gaseous materials,vapors, and particulate matter. 

Meteorological patterns is a key parameter in the dispersion of any gases, vapor, or 
particulate. Efforts will be made to determine such wind movement by season and the 
effect the Gulf of Guinea has on the Sekondi Export Processing Zone unit. 

Environmental Management Plan-Water Quality: 

The management of water quality is dependent upon natural runoff, stormwater, and 
drainage from both the petrochemical -refinery complex and domestic housing area. Early 
sampling of natural runoff is accomplished during the Pre Construction phase. 

Data will be collected during the first year by the universities on both land and the littoral 
area of the Gulf of Guinea Many water samples will be taken to compare the quality of 
the natural runoff and water quality of the Gulf of Guinea 

Enviromnental Management Plan-Pre Construction 

Environmental 
Factors 

Resources Implementation Contractor Cost 
Schedule (Armually) 

Water 

Sampling 

Engineering 

Engineering 

First year Env, Contractor J 10,000 

First Env. Contractor $ 2,000 
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The first year during the PreConstruction phase is used to develop a baseline of data for 
water quality. During rain fall and areas with significant water not infiltrated into the soil, 
samples are taken in demarcated areas before actual construction. 

Environmental Management Plan-Construction 

Environmental Resources Implementation Contractor Cost 
Factors Schedule 
Water Engineering Second year Env. Contractor $10.000 

Santfriing Engineering Second year Env, Contractor $ 5.000 

Since the area was previously used as agricultural land, development of the baseline data is 
within years one and two. Mapping of potential areas for runoff during years one and two 
will assist greatly in compiling such data 

Environmental Management Plan-Operation 

Environmental Resources Implementation Contractor Cost 
Factors Schedule (Annually) 
Water Emironmental 

Engineer 
Third year En\. Contractor $ 20.000 

Map of the area 
of ninoff 
Rc\'icw data from 
marine study 

Sampling Environmental L ^ Third year Env. Contractor $ 5.000 

Environmental Management Plan-Waler Operations* 

Environmental 
Factors 

Resources Implementation 
Schedule 

Contractor Cost 

Water 

Develop water quality 
plan. Develop Ihe 
schedule for annual 
sampling. 
Generate reports to 
management. 

Environmental 
Engineer 

Fourth year Env. Contractor $ 20,000 
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Sampling 
Generale report of 
sampling lo environmental 
engineer- Develop a data 
base for such results 

Emironmenlal Lab Fourth year Env. Contractor $ 5.000 

• Pennancnt operations, daily, weekly, and monthly sampling for different parameters for specific 
emironmcntal factors. 
All activities on a permanent basis mil start in the fourth year in the construction of the 
petrochemical-refinery complex on an annual basis. Permanent water monitoring locations lo 
include adjacent boundaries to the petrochemical-refinery complex. 

Environmental Management Plan- Wastewater Discharge 

Environmental management of wastewater discharge includes all waters that have 
collected as drainage from domestic and industrial sewer systems, spent cooling waters, 
and stormwaters Drainage trom domestic and industrial sewer systems, spent cooling 
water, and stormwaters are av^labie during the operational phase. 

Environmental Management- Operations* 

Environmental 
Faaors 

Resources ImplementatioD 
Schedule 

ContradOTs Cost 

Wastewater 

a. cooling waters 
b. stormwaters 
c. drainage 
Development of the 
routine wastewater 
monitoring system. 
Generate report to 
management. 
Interface with the 
EPA-Ghana or 
PuUic Health. 
Compare baseline 
of Hastew aters on 
site with baseline 
of Gulf of Guinea-
Plot the effects of the 
wastew^er discharge 
into the Gulf of Guinea 
in terms of physical. 

Environmental 
En^neer 

Third and Fourth 
year 

Env. Contractor Ï 20,000 
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t»ologica]. and chemical 
parameters. 

Sami^ing Environmental Lab, Third and Fourth Env. Contractor $ 5,000 

The wastewater monitoring is a priority along with air quality, the main reason for the 
"closed system" during the design and construction phase is so important. The wastewater 
treatment facility is a key element in keeping the wastewater discharged into the Gulf of 
Guinea as clean and pure as possible. One objective is to be able to reuse at least 70% to 
90% of the wastewater for "cooling water" in the petrochemical-refinery complex 
maintaining a "closed system" nearly 99% excluding gas, vapor, and particulate emissions-
Environmental Management Plan-Soil: 

The importance of the soil cannot be merely taken for granted, the whole project and its 
structures are depending on the soil condition. That soil conditions are free of plumes 
indicating significant groundwater problems, inconsistency of geomorphological 
formations, and terrain not acceptable for industrial use are the main requirements. 

As previously stated the soil in the Sekondi Export Processing Zone site has the typical 
low plains terrain. Demarcated areas have not indicated any terrain with fault lines that are 
open areas exposing the underlying strata of rock formations. 

Environmental Management Plan- Soil 

Envirocunental 
Factors 

Resouices Imi^ententatioa 
Schedule 

Contractor Cost 
(Annually) 

Soil 
Geomorphological 
Conditions 
l^andsaldata 

Marine Study 
(soil samples) 

Map(»ngor$oil 
from Laodsat data 
Identifying the rock 
ftmnation nith seismic 
activities, 
[mi^emcntation of 
SCMI erosion pro-am. 

Baseline Study First year 
Engineering Firm 

Research 
Universiiies 

First year 

Engineering Finn Second year 

Engineering Firm Third year 

Env. Contractor $ SOO.tXW 

Env. Contraaor S 1,000,000 

Eov. Contractor $ 20,000 

Env. Contractor $ 5,000 
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Soil engineering data 
on slnss by foundation 

Engineering Finn Fourih year Env. Contractor $10,000 

Environmental Management Plan-Groundwater 

Environmental 
Factors 

Resources Implementation 
Schedule 

Contractor Cost 

Groundwater 
Landsatdata 
Mapping of the 
potential groundnaler 
location in the substrata 

Drilling boreholes 
forsanqiling 
Analysis of sam^^es 
Soil and structural 
engineers determine 
the actual stress to 
the specific area with 
consultation with 
geologist. 
Sampling 
Mapping entire 
groundwater area tO 
include potential 
drainage of water. 
L^ndsat data 
to determine the 
origin of such 
groundwater on the 
site with extra satellite 
shots. More drilling of 
bcKreboles if needed 

Engineering Firm First year Env. Contractor $ 20,000 

Engineering Firm Second year Env. Contractor S 30,000 

Engineering Firm Third year 

Engineering Firm Fourth year 

$ 5,000 
Env. Contractor $ 20,000 

Env, Contractor $ 20.000 

The presence of groundwater existence in the Sekondl Export Processing Zone site 
designated to Ankobra Resources Ltd. initially does not give indications of such body of 
water is present. Visual inspection, September, 1997 did not indicate any stream of water 
is deep, then the outflow into the Gulf of Guinea would not be noted unless Landsat is 
used. 
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EnvironmentaJ Management Plan-Ambient Noise 

EDvironmental Resources Implementation Contractor Cost 
Factors Schedule (Annually) 

Ambient Noise Engineering Firm First year Env. Contractor $20,000 
Define population in the 
adjaa:nt communities and 
bouDdaries. 
Use of mathematical model 
to detennine dBA levels 
fKesent 

Use of Sound Level Engineering Firm Second year Env. Contractor $10,000 
Datalogger-store 
sound measurements 
to download to 
computer at specific 
locations in the adjacent 
communities and boundaries 
to develop a baseline. 

Use of sound meters Environmental First,Second & Env. Contractor $ 5,000 
in the immediate area Engineer Third year 
of the petrochemical-
refinery area "A", "B' 
or "C" weighting. 
Use in woric place for all 
employees. Comlsnation Environmental Fourth year Env. Contractor $ 5,000 
use of both the sound Engineer 
meter and sound level 
datalogger in all the 
essential areas. 

Management Manuat(s): 

Ankobra Resources Ltd. enviromental management manual(s) are to to be written by the 
Environmental Compliance Officer in conjunction with the Corporate Environmental 
Scientist The environmental management manual (s) will include the terms and conditions 
of the Environmental Permit, Environmental policies,targets, and objectives as it applies to 
the operation of the petrochemical -refinery complex. 
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The Environmental Management Manual(s) should contain the language corresponding to 
topics listed below. 

1. 

2. 

3. 

Environmental Permit 

Environmental Personnel 

Methods and Procedures 
a. air emission 
b. water quality 
c. wastewater discharge 
d. hazardous waste disposal 
e. inhabitants 
f. soil and dust 
g. groundwater (if applicable) 
h. noise 

all parameters as they apply to the operation 
of the petrochemical-refinery con^lex. 

documents should state the general job 
description of all environmental personnel 
inclusive of Environmental Technician(s) and 
Hazardous Waste Specialist(s). 

all methods and procedures for applications 
needed to monitor, sample, compile data, 
atmospheric and aquatic conditions and land 
based environmental conditions 

Report Format all methods and procedures for applications 
needed to monitor, sample, compile data, 
atmospheric and aquatic conditions and land 
based environmental issues to be properly 

5. Health & Safety Procedures 

Operational Control: 

reported to both the management of 
Ankobra Resources Ltd. and Ghana EPA. 
environmental personnel will be involved 
with the general plant population and must 
be aware of health & safety procedures. 

The task of operational control as related to Environmental Management Systems wall 
start during the first year or PreConstruction. Use of the management manuals by the 
Environmental Engineer, Environmental Technician(s), Hazardous Waste Specialist, and 
Environmental Lab personnel serve as the operational controls in implementing the 
management programme. 
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Air Emissions 

EDvironmentil Schedule Personnel Report Schedule 
Factor Monitoring Sampling Managing Director 

Air Emissions daily daily Env. Technician we^y (refineiy) 

Air Emissions daily daily Hazardous Waste 
Specialist 

weekly (incinerator) 

Air Emissions daily daily Env. Lab. Tech. weekly( power plant) 

Water Qualit> 1 

Emironmenlal 
Faaor 

Schedule 
Monitoring Samfriing 

Personnel Report Schedule 
Managing Ehrector 

Water Oualitv 
(desalination plant) daily daily Env. Lab. Tech. weekly 

Water Quality 
(cooling vtater) 

daily daily Env. Lab, Tech. weekly 

Water Quality 
(stormu^tcr) 

daily daily Env. Lab. Tech. weddy 

Water Quality 
(Storage Tanks) 

daily daily Env. Lab. Tech weekly 

Water Quality * 
(Gulf of Guinea) 

weekly wedcly Env. L^. Tech. weekly 

* petrochemical-reßnery will use small boats for sampling of the Gulf of Guinea 

Groundwater 

Environmental 
Factor 
Groundwater 
(processing 
zone) 

Groundwater 
( Storage Tanks) 

Schedule 
Monitoring 
weekly 

wedtly 

Sampling 
weekly 

weddy 

Personnel 

Env. Technician 

Em-. Technician 

Report Schedule 
Managing Director 

weekly 

weekly 
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Groundwater 
(unspecified) 

weekly wedtly Em. Technician weekly 

Wastewater Discharge 

Environmental 
Factor 

Schedule 
Monitoring Sampling 

Personnel Report Schedule 
Managing Director 

Wastewater 
(processing 
zone) 

daily daily Env. Technician weekly 

Wastewater 
(treatment facili^) 

daily daily Env. Technician weekly 

Wastewater 
(Gulf of Guinea*) 

daily daily Env. Technician weddy 

Wastewater 
(incinerator) 

daily (tally Hazardous Waste 
Specialist 

weekly 

Wastewater 
(power i^ant) 

daily daily Env. Lab. Tech. weekly 

• Gulf of Guinea secondary outlet for wastewater or breakdown in system. 

Operational controls environmentally will be the responsibility of the various department 
supervisors and managers. All operations in the processing zone will practice 
environmental safe and accepted practices This involves providing the data for emission 
of all gases that have been electronically recorded to the designated personnel for 
collection. A copy of all environmental reports are forwarded to the Environmental 
Compliance Officer for review and to determine if the plant is in compliance with Ghana 
EPA regulations. 

Noise 

En\ ironmental 
Factor 

Schedule (Personnel Rcpon Schedule 
Monitoring Sampling Managing Director 

Noise 
(processing 
zone)* 

daily-wcddy daily-weekly Safety Engineer weddy 

9-46 



Noise 
(control rooms)* 

Noise 
(incincnitcH')* 

Noise 
(pow;r plaiU)* 

Noise 
(waste\vatcr 
treatment facility)* 

Noise 
(Anoc Village) 

Noise 
(indoor offices)* 

daily-weekly daily-weekly Safety Engineer weddy 

daily-weekly daily-weekly Safety Engineer weekly 

daily-weekly daily-weekly Safety Engineer weekly 

daily-weekly daily-weekly Safety Engineer weekly 

daily-weekly daily-weekly Safety Engineer weekly 

weekly weekly Safely Engineer weekly 

* all internal and external walls are constructed to reduce the aoise mder 20dB A. Daily 
monitoring and data recording for data base, activities (hen performed on a weekly basis. 

Soil and Dust 

Emironmental 
Factor 

Schedule Personnel Report Schedule 
Monitoring Sampling Managing Director 

Soil and Dust 
(pffocessing 
zone) 

Soil and Dust 
(Storage Tanks) 

Soil and Dusl 
(wastewater 
treatment facility) 

Soil and Dust 
(power plant) 

Soil and Dusl 
(incinerator) 

Soil and EXist 
(desalination) 

daily-weekly weekly 

daily-weekly weekly 

weekly 

weekly 

weekh" 

weekly 

weekly 

weddy 

weekly 

weekly 

Env. Technician weddy 

Env. Technician weekly 

Env. Technician weddy 

Env. Technician weekly 

Hazardous Waste weekly 

Env. TcchBidan weekly 
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Soil and Dust weekly weekly Env. Technician weekly 
(Anoe Village) 

Records; 

Recordkeeping is vital to any Environmental Management Programme, Monitoring, 
sampling, and recording data becomes a function of recordkeeping as related to the 
environmental conditions. 

The Managing Director, Ankobra Resources Ltd. receives a weekly report from the 
personnel involved in envirormiental functions, which are mainly to make operational 
decisions to remain in compliance with Ghana EPA. The Environmental Compliance 
Officer actually receives copies of all environmental reports and has the responsibility of 
having records on file. 

All environmental reports that are destined for Ghana EPA is the responsibility of the 
Environmental Compliance Officer Listed are the types of records that are kept on file 
by the Environmental Compliance Officer. 

1. air emissions, gas emissions, steam, vapors, and particulate readings or data 

2. water quality, i.e. heavy metals, organics, inorganics, physical parameters, 
biolo^cal and pathogens, radioactivity 

3. wastewater discharges for various areas within the petrochemical-refinery 
complex. Also, any wastewater discharges in the Gulf of Guinea. 

4. groundwater contamination and the specific areas with the petrochemical-refinery 
site, 

5. soil contamination throughout the history of the petrochemical-refinery operations. 

6. noise data recording for the petrochemical -refinery site and Anoe Village. 

7. dust contamination on the site and Anoe Village. Data on dust abatement program. 

8. Complaints from nearby industries or villages on air emissions, noise,dust, water 
quality or illegal dumping of hazardous waste. 

9. Marine envirormiental data on the acquatic environment and oil spills of all types. 
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Audits: 

Ankobra Resources Ltd plans to conduct all environmental audits under the Ghana EPA 
plus ISO 9000 terms and conditions Audits are performed on the international scale for 
environmental audits. Additional audits have to be made for Ankobra Resources Ltd to be 
recognized as an international supplier of petroleum products and ISO 14000 
specifications will be used during this specific audit. 

There will be scheduled audits and some unscheduled audits as related to the 
environmentally safe operation conditons. Safety audits will be conducted on a scheduled 
and unscheduled basis as related to safety issues. 

Personnel vAW be audited on a quarterly basis for health issues that may lead to massive 
illness within the petrochemical-refinery complex. If their is an increase of illness in the 
number of employees being in a specific area (i.e. processing area), an audit will be 
performed to determine if the causative agent is in the work place,drinking water, air ducts 
or change room (i.e. shower tiingus). 

Reviews: 

The reviewing of environmental policies are conducted by the Environmental Committee 
on a quarterly basis The reviewing of the envirorunental reports are performed on a 
weekly basis by the Managing Director. 

Reviewing of the weekly data from the processing area, tank storage area, power plant, 
incinerator, wastewater treatment facility, and Anoe Village is performed by the 
Environmental Compliance Officer, Every two weeks a review is made by the Managing 
Director, the Environmental officer is present to discuss the data as related to being in 
compliance with the Ghana EPA regulations. 

A summary of data from the environmental compliance reviews becomes part of the 
monthly report to the Environmental Committee.The quarterly report is a compilation of 
the previous monthly reports as submitted by the Managing Director. 

Environmental Reviews 

Environmental 
E)ocuinents 

Weekh,' Bi-weekly Monthly Quarterly From To 

Weddy Env. Report X Eov. Manager Managing 
Director 

a. air emissions 
b. water quality 
c. uastewater discharge 

Env. Lab Manager* Managing 
Director 

9-49 



d. hazardous waste 
e. noi5e,(bisl.soil 
f. pipeline 
g. Anoe Village 
h. environmental compliants 

Env. Compliance Repon 
a. includes all computer 

generated data from the 
processing, borage tanks, 
pipeline, water quality, 
wastewater discharge, 
incinerator and pott«r 
plant 

Env. Comi^iancc Report 

inclusive of the entire months 
or incorporates four weeks 
of data instead of two wcdts 

Plant Environmental Report 

four wcdc report inclusive of the 
weekly reports and bi-weekly 
repons forw ankd to the 
Managing [hrecior 

Plant Quarterly Env. Report 

inclusive of three months of 
the four week reports prepared 
by the Managing Director. 

Env. Compliance 
Officer 

Managing 
Director 

Env. Comi^iance 
Officer 

Managing 
Director 

Managing 
Director 

Environmenta! 
Committee 

Managing 
Director 

Environmental 
Cwnmittee 

^ sampling for the water chemistry lah and require numerical values in reports 

10.0 Monitoring 

10.1 Motiitoring Plan Air Quality 

Environmental Category; 

Environmental Impact: 

Air Quality 

Potential increase of S0x,N0x, and Particulates 
PreConstruction-Development of baseline on Ak 

Quality 
Construction - collect data on parameters and 

compare with baseline data 
Operation- collect data on parameters and 

9-50 



compare with baseline and 
national/international standards 

Decommission collect data and compare to 
baseline, construction,operations 
and national/international standards 

Parameters: Sulfur dioxide. Particulate Matter, Catton 
Monoxide,Nitrogen dioxide,Hydrocarbons,Ozone & 
Lead. 

Monitoring Equipment: Gas Sampling Pump and Detection Tubes 

Monitoring Procedure: 

Range TLV 
Sulfiir dioxide 1 tobUppm 2ppni 

Nitrogen dioxide 0.5 lo 30ppm 3ppm 
Caitwn Monoxide 0.1 to 20% 5000ppin 
Hydrocaibon 0,05 10 0.6% — 
Ozone 0.05 to 3.0ppm O.OSppm 

Air monitoring will be performed on a daily 
basis,approximately three (3) times per day. 
Listed are the specific areas below. 
a. processing zone perimeter 
b. Tank farm perimeter 
c. One Hundred Meter Perimeter 
d. Anoe Village Boundary 
f. All boundaries facing the populated areas 

in the region. 
The OpsisSystem will be used to provide a 
continuous electronic beam to detect gas/vapor 
properties on a twenty-four basis. 

Comparison of samples with relevant national/ 
international standards. 

The monitoring is for the life time of the operating 
petrochemical-refinery complex to include the 
Decommissioning phase. 
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10.2 Water Quality 
Monitoring Plan Water Quality 

Environmental Category: 

Environmental Impact: 

Parameters: 

Monitoring Equipment: 

Water Quality 

Increase in chemicals( inorganic/organic),turbidity, 
radioactivity, and metals. 
PreConstruction-Develop baseline for Water Quality 
Construction collect data and compare to Pre-

Construction phase 
Operation collect data and compare to Pre-

Construction,Construction,and 
national/international standards 

Decommission collect data and compare to Pre-
Construction, Construction, 
Operation, and national/inter
national standards 

Inorganic chemicals 
arsenic, barium, cadniium.chromiuni.fluoride.lead. 
mercuiy.nitrale (as N), selemum.silver. 

Oî anic chemicals 
chlorinated hydrocarbons 
a. Endrinb.Lindane C.Mcthoxychlord Toxaphane 
e. Chlorophenoxys f. 2,4-D (2.4-dichlorophenoxyacetic 
add) g.2,4,5-TP Silvex h. total trihalomohanc 

Tuibidily 
a.tuibidity 

Radioactivity 
a. combined radium 226 and 228 
b. Gross alpha-particle activity 

Miscellaneous: 
a]uminum.chloride,color,copper.fluoride,foaming agent, 
iroa.nuuiganese,odor,pH,silver,5iilfide,total dissolved 
solids (TSS) and zinc, 

1. Reusable Bailer (3ft-1000ml) 
2. Polyester Cord ( 82ft (25 km) 
3. Planton Net Sampler and Marine vessel(s) 
4 Alpha Water Sampler(oceans) 
5. Petersen Dredge (deep lakes & oceans) 
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Monitoring Procedures: 

6. Steel Aircraft Cable 
a. steel aircraft cable 33ft. 
b. steel aircraft cable 82ft, 
c. steel aircraft cable 328ft. 

The proposed site, Sekondi Export Processing Zone 
and the specific coordinates did not exhibit any 
Surface water bodies, creeks, or tributaries in 
accordance with the fieldwork performed by the 
Botany Department,University of Ghana. 

Water samples will be collected from designated 
areas in the Gulf of Guinea on a weekly basis. 

Comparison of samples with revelant natural/ 
international standards 

This monitoring is for the life time of the operating 
petrochemical-refinery complex to include the 
Decommissioning phase. 

10.3 Groundwater 

Ankobra Resources Ltd. will be particularly concerned about the presence of groundwater 
on the proposed site, Sekondi Export Processing Zone. The Botany-Zoology Survey did 
not indicate any tributaries, creeks, lakes, or surface water on the proposed site. 

Groundwater activities in search of such conditions will be made during the 
PreConstruction, Construction, Operation, and Decommission phases. The Landsat and 
seismic studies are invaluable in denoting the presence of groundwater on the proposed 
ate. 

Morutoring Plan Groundwater 

Environmental Category: 

Environmental Impact: 

Groundwater 

Increase in contaminants such as metals, chemicals, 
and biological and/or microorganisms. 
During the PreConstruction, Construction, 
Operation, and Decommission phases. 
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Develop or discover the presence of groundwater 
in areas suspected of groundwater 
a. identification of the types and quantities of soil 

and /or groundwater pollutants 
b. groundwater quantities to be withdrawn as a 

result of the project 
c. groundwater flows and quality,hydrogeological 

characteristics 
d. existing point(s) and non existing point(s) 
f pollution loadings and existing groundwater 

withdrawals 

Parameters: CI, Br, N0(2), S0(4), HCO (3), PO(4), Na, 
K, NH(4), Ca, Mg, Fe, Mn, Fe and Mn 
(oxyhydroxides). Organic solutes, and Micro
organisms 

Monitoring Equipment: 1. Portable Vacuum Sampler ( max, lift 28ft-8.2m) 
2. Sludge Nabber ( 4 to 6.5 ft long) 

3. Water Testing Strips* 
Testing Graduatiotis 
Parameters 
aluminium 0.10,25,50.100,250 pfHn 
ammonium 0.30,60,100,200.400ppm 
arsenic 0,0.1.0.5,1.0,1.7,3 pfWi 
chloride 0,500,1000,1500.2000ppm 
copper 10to300pimi 
cyanide 0,1.3,10,30ppm 
kad 0.29,40.10O.200.5O0pfHn 
nickel 0,10,25.100,250,5OOppm 
nitrate to to500ppm 

! « 0.1,2,-14pH 

Titrimeter Test Kits* 
Test Range 
Color 0 to 100 units 
Turbidity 5 to lOONTU 

5. Colorimeter Test Kits* 
Test Testing Range 

Ammonium/nitrogen 0.5 to 8 f̂ mi 
Inm 0.1 to lOppm 
Snc 0.5 to ï(yppm 
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6. Coüfomi Water Test Kit* 

7 Bacterial Assay Kit* 

8 Microbial Test Kits* 
a. aerobic baclcria test kit 
b. yeast and mold lest kit 
c. bacteria and fiingi test kit 
d. bacteria test kit 

Monitoring Procedures: 

9, Pathogel Test* 
a. coliform 
b. Salmonelle 
c. E, coli 

* all test kits can be used in water, wastewater, 
and stormwater 

a water chemistry laboratory is needed to motiitor 
the parameters of water. 

The monitoring of groundwater will be performed 
on a weekly basis of suspected areas on the 
proposed site, Landsat and seismic studies are the 
key in locating these areas. 

Comparison of samples with relevant 
national/international standards as related to water 
quality. 

This monitoring is for the life time of the operating 
petrochemical-refinery complex to include the 
Decommissioning phase. 

10.4 Stormwater 

During the initial PreConstruction phase, areas of the proposed site are walked to 
determine the actual potential of low surface areas as related to the construction of the 
petrochemical-refinery complex. Low ground areas can contribute to potenial natural 
stormwater areas, which are shown on the Landsat studies. 
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Monitoring Plan Stormwater 

Environmental Category: 

Environmental Impact: 

Parameters: 

Monitoring Equipment: 

Monitoring Procedure: 

Stormwater 

PreConstruction develop potential natural 
stormwater drainage areas 
collect samples to develop 
a baseline 

Construction collect samples and compare 
to baseline samples. 

Operation collect samples and compare 
to the baseline, construction 
and national/international 
standards. 

The same parameters used for water quality. 

1. Portable Vacuum Sampler (max. lift 28ft-8.2m) 
2. Sludge Nabber 

Water Testing Strips* 
Trimeteric Test Kits* 
Colorimeter Test Kits* 
Coliform Water Test Kit* 
Bacteria] Assay Kit* 
Microbial Test Kit* 
Pathogel Test* 

3, 
4. 
5. 
6. 
7. 
8. 
9. 

The monitoring of stormwater on a daily-weekly 
basis dependent upon the season of the year(i,e. 
rainy season). All culverts and stomwater systems 

will be accessible to collect samples in all m^or 
areas of the gathering and holding systems. 

Comparison of samples with relevant 
national/international standards as related to 
stormwater analysis. 

Monitoring of stormwater, there is a stormwater system to handle in-plant stormwater for 
the petrochemical-refinery complex Through landscaping of the 100 to 120 acres, the 
in-plant system will handled the run-off within the stated acreage(Fig. 17). 
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10.5 Soil 

The soil of the proposed site has been discussed previously in the EIA Report, Ankobra 
Resources Ltd, The soil has to be monitored for contamination by chemicals, metals and 
regular debris (i.e. foodstuflFs, plastics, and odorous waters). 

Monitoring Plan Soil 

Environmental Category: 

Environmental Impact: 

SoU 

Increase in calcium,phosphorous, nitrates,nitrites, 
chloride, iron, manganese, magnesium,potassium, 

pa 
PreConstruction 

Construction 

Operation 

Decommission 
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inspect soil for areas 
of contamination by 
chemicals (inorganic 
or organic), metals 
sample soil for 
basic soil chemistry 
collect samples 
and compare to the 
PreConstruction 
phase. 
collect samples 
and compare to the 
PreConstruction, 
and Construction 
phases. Soil samples 
in processing zone 
may show an increase 
in sulfides and nitrites 
or nitrates as air 
emissions.National 
and international 
standards are 
compared. 

collect samples 
and compare to 
the PreConstruction 



Constniction,Oper-
ation and national/ 
international 
standards. 

Monitoring Equipment: 

Monitoring Procedure 

2. 
3. 

Soil Sampling Kit 
a. handle,wet sampling tube,dry sampling 

tube 
b. wet/dry sampling tube 
c. rod extensions,T-handle and mallet 
d universal wrench,sampling tube cleaner 
e, carrying case 
Soil pH Electrode 
Soil Test Kit 
Test 
lexture 

Test Range 
determines sand.silt, & clay 
fractioRs 
L-H (5-125ppm) 
150-2800ppm 
25-500ppm 
L-H(l 1/2-8%) 
5-125 lbs/acre 
L-H(5-15Üppni) 

L-H(4-«)ppm) 
L-H(5-150ppin) 
10-150 lbs/acre 
ï-50ppm 
3.8-9 6pH 
10-200 ibs/acre 
100-UM) lbs/acres 
S0-2000ppin 

The monitoring of soil is performed on a weekly 
basis to generate data and compare basically to the 
air emissions data chart. The processing zone and 
tarJcfarm is completely on Portland cement 
foundation. 

aluminum 
calcium 
chloride 
Huniiis(organic) 
Iron (ferric) 
Magnesium 
Manganese 
Nitrogen(NH(4)) 
Nilrogen( nitrate) 
Nitiogcn(mtrite) 
VH 
Phosphorous 
Potassium 
Sul&te 

Comparison of samples with relevant 
national/international standards as related to soil 
analysis. 

Tins monitoring is for the life time of the operating 
petrochemical-refinery complex to include the 
Decommission phase. 

10-8 



10,6 Anoe Village 

Anoe Village has to be monitored, specifically for air emissions and soil contamination as 
related to an impact concerning the health of the people. The water is being supplied by 
the Sekondi municipal water system 

Monitoring Plan Air Quality 

Environmental Category: 

Environmental Impact: 

Air Quality 

Increase in NOx and SOx,and Particulates 

PreConstruction 

Construction 

Operation 

collect data/samples to 
develop a baseline 

collect data/samples and 
compare to PreConstruction 
collect data/samples and 
compare to PreConstruction 
Construction and national/ 
international standards 

Monitoring Equipment: 

Monitoring Procedure 

Standards: 

Monitoring Duration 

Decommission collect data/samples and 
compare to PreConstruction 
Construction,Operation and 
national/international 
standards-

Same as equipment. 10.0 Monitoring. 

Same as procedures, 10,0 Monitoring 

Same as standards, 10.0 Monitoring 

This monitoring is for the life time of the operating 
petrochemical-refinery complex to include the 
Decommission phase. 
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Monitoring Plan Soil 

EnvironmentaJ Category: 

Environmental Impact: 

Monitoring Equipment: 

Monitoring Procedure 

Standards: 

Monitoring Duration: 

Sou 

Potential increase of NOx, SOx, Particulates 
PreConstruction 

Construction 

Operation 

Decommission 

collect data/samples 
and develop baseline 
collect data/samples 
and compare to 
PreConstruction phase, 
collect data/samples and 
compare to PreConstruction 
Construction, and national/ 
international standards 
collect data/samples and 
compare to PreConstruction 
Construction,Operation and 
national/international 
standards. 

Same as equipment, 10.5 Soil 

Same as procedure, 10.5 Soil 

Same as standards, 10.5 Soil 

This monitoring is for the life time of the operating 
petrochemical-refinery complex to include the 
Decommission phase 

11.0 Stakeholders 

Consultation with Members of the Public To be Affected 

Public Servants 

Mimsü>' of Tiadc 

Habor Engineer 

1997 1998 1999 2000 Comments 

received brochure on Sekondi 
Export Processing Zone 
received map of the area 
lectures taken of the site and 
made an environmental 
inspection 
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Western Minister* x 

Mayor Sekondi x 

Metro Planning Board x 

Metro Engineer 

EPA Regional Officer 

GFZB Tech. Rep. 

Min.of Mines & Energy x 

Ministry of Finance x 

X 

X 

X 

initial review of the Proforma 
document 
out of town, has to Mayw on 
telephone mam' tintes 
in 1999 received the base map 
for the proposed site 
discussed the base map and the 
electrical potential for the area 
The pipeline imder public road 
was not a concern 
discussed air emissions and 
venturi scrubber 
discussed base map and soil 
samples taken 
discussed the status of the 
projcci and received positive 
positive response 
discussed the status of the 
project and received positive 
letter on guarantee 

• pholograirfis taken on (wsperlj' of the Western Minister of the coastline adjacent to the Free Zone 
propertj. 

An EPA meeting was held on August 16,2000, Accra, Ghana with the various Ministries 
and the proponent, Ankobra Resources Ltd, Listed below are the names of the 
stakeholders and their respective governmental agencies. 

1. Dr PelerC. Acquah 
2. Dr. Thomas Ansah 
3. Mr. Daniel Hogan 
4. Mr. Benjamin Amoah 
5. Dr. Rexford Osei (TRC Member) 
6. Mr. C. M.K.Normeshirc (TRC Member) 
7. Mr. John Richter (TRC Member) 
8. Mr. Thcophilus Mohenu 
9. Mr. Dan A Amoah 
10. Mr. Roland T. Cam 
11. Mr. W. K. Agyemang-Bonsu 
12. Mis. Margret Ahiadeke 
13. Mr. Larscv Mensah 
14. Mr. Samuel Anku 
15. Dr. Harry Tetteh Owodo 
16. Mr. Ebene/er Kwei Mensah 
17. Mr. D.S. Amlalo 
18. Mr. Y. Amoyaw Osei 
19. Mr. JA. Allote> 
20. Mr. Kwabena Badu-Yeboah 

Executive Director(EPA)-Chairman 
Executive Secretary,Energ> Commission 
Ghana Free Zones Board 
Ghana Free Zones Board 
Min. Env. Science & Technology 
Council for Sei. & Ind. Itesearch 
Factories Inspectorate Dept. 
Ministry of Mines and Energy 
Ministry of Mines and Energy 
Proponent(CEO Ankotw^ Resources Lid.) 
EPA 
EPA 
EPA 
EPA 
EPA 
EPA 
EPA 
EPA 
EPA 
EPA 
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The outcome of the meeting has been denoted by placing a copies of the letters dated 
September 08,2000 and September 19,2000 in Appendices III. A copy of the pages 
39,40,41,43,44, and 45, "The Ghana Environmental Impact Assessment Procedures 
(1995) have been enclosed for the record. 
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APPENDIX I 

Base Map, Ankobra Resources Ltd. 

Basic Data- Anoe Village People 







DisdiMge from Iwd lo Gulf of Guine» 

oooooo represent the pathway of the pipelines, dual pipeline (cnide/pelroleum products) 
desalination intake pipe.and wastewater discharge pipeline. 

xxaoa represent the Opsis System for the detection of air emissions,i.e, NOx,SOx. 
represent ihe boundary line. Ankobra Resources Ltd 

Z«its represent the areas testing for noise,air emissions (incinerator/power plant) 
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APPENDIX U 

Botaoy - Zoology Survey Report 

Case Study-Air Modelling, Kingsport,Tennessee 
Fig. 2.1 Proposed Refinery-Kingsport, Tennessee 

Fig. 2,5 Base Map, Stack Parameters and Coordinates 
Fig. 2.6 Allowable Emissions for the New Sources 

Fig. 2.7 PSA Increments,in micrograms/m(cubic),Class II Region 
Fig. 2.8 Stack Parameters and Emissions for Other PSD Sources 

Fig. 2.9 Sulfur Dioxide Monitors at Kingsport,Tennessee 
Maximum Concentration in micrograms/m (cubic) 

Fig. 2.10 Results ofISC4 Modelling Study of Chemical Petroleum 
Complex Sulfur Dioxide Concentration in micrograms/m (cubic) 



FLOUAI. Ä FAUNA SURVF.V Ol- I'IUH'OSIJ) bl IE H)K l'i: IKOCUEMICAL 
UEFINF.RY PROJECT 

In Iro auction. 

The survey was commissioned by Atikora Resources Ltd. for the purposes of providing 
baseline data for preparation of Environmental Impact Assessment for the proposed 
Petrochemical Refinery Project to be established on the site which is a secondary forest. 

This report includes an account of plants species encountered on the site, including 
lichens; animals, birds and some data on wetlands and water status. 

The results obtained arc shown in T.ibies attached: 

• Tables I - Higher plants (anached) 
• Table 2 - Lower plants (lichens nn tree trunksl 
• Tabic 3 - Animals 

The survey has been completed as requested by the Project Miuiaycr. 

University of Ghana Date: 3.^ M(,<-tA iOöo 
Department of Botany 
Legon. 



Plant Species of l^roposed ËP2 

TABLE 1 -PLANT SPE 
Family 
Acanthaceae 
Acanthaceae 

Amaryl id aceae 

CIES OF PROPOSED EXPOR 
Scientific Name 
Juslicia flava 

1 ' - — - ' 

Asystusia ciilycin;! 
Scadoxus multiflora 
Leea guineensis 
Spondias mombin 

T PROCES 
'Habit 
herb 
licrb 

herb 

SING ZONE -SEKONDI TABLE 1 -PLANT SPE 
Family 
Acanthaceae 
Acanthaceae 

Amaryl id aceae 

CIES OF PROPOSED EXPOR 
Scientific Name 
Juslicia flava 

1 ' - — - ' 

Asystusia ciilycin;! 
Scadoxus multiflora 
Leea guineensis 
Spondias mombin 

T PROCES 
'Habit 
herb 
licrb 

herb 

'Medicinal Uses 
febrifuge 

TABLE 1 -PLANT SPE 
Family 
Acanthaceae 
Acanthaceae 

Amaryl id aceae 

CIES OF PROPOSED EXPOR 
Scientific Name 
Juslicia flava 

1 ' - — - ' 

Asystusia ciilycin;! 
Scadoxus multiflora 
Leea guineensis 
Spondias mombin 

T PROCES 
'Habit 
herb 
licrb 

herb 
Ampelidacaae 

CIES OF PROPOSED EXPOR 
Scientific Name 
Juslicia flava 

1 ' - — - ' 

Asystusia ciilycin;! 
Scadoxus multiflora 
Leea guineensis 
Spondias mombin Anacardiaceae 

CIES OF PROPOSED EXPOR 
Scientific Name 
Juslicia flava 

1 ' - — - ' 

Asystusia ciilycin;! 
Scadoxus multiflora 
Leea guineensis 
Spondias mombin 'tree 

tree 
'tree 

' 
Apocynaceaa Rauvolfia vomiloria 

Funtumia africana 

'tree 
tree 
'tree 

'roots as sedative 
Apocvnaceaa 

Rauvolfia vomiloria 
Funtumia africana 

'tree 
tree 
'tree 

Apocynaceae Voacanqa africana tree 
Araceae Anchomanes difformis 

Culcasia scandens 
herb 
herb 
climber 
tree 
tree 

herb 

Itubers for bathing weakly children 
Araceae 

Anchomanes difformis 
Culcasia scandens 

herb 
herb 
climber 
tree 
tree 

herb 

Itubers for bathing weakly children 

Asciepiadace_ae __ 
Bignoniaceaa 
Sombacaeae 
Bromiliaceae  
Cannaceae 

Secamone afzelii 
'Spathodea campanulata 
Bombax buonopozense 
Ananas comosus 
Canna indica 

herb 
herb 
climber 
tree 
tree 

herb 

Asciepiadace_ae __ 
Bignoniaceaa 
Sombacaeae 
Bromiliaceae  
Cannaceae 

Secamone afzelii 
'Spathodea campanulata 
Bombax buonopozense 
Ananas comosus 
Canna indica 

herb 
herb 
climber 
tree 
tree 

herb 

Asciepiadace_ae __ 
Bignoniaceaa 
Sombacaeae 
Bromiliaceae  
Cannaceae 

Secamone afzelii 
'Spathodea campanulata 
Bombax buonopozense 
Ananas comosus 
Canna indica 

herb 
herb 
climber 
tree 
tree 

herb 

Asciepiadace_ae __ 
Bignoniaceaa 
Sombacaeae 
Bromiliaceae  
Cannaceae 

Secamone afzelii 
'Spathodea campanulata 
Bombax buonopozense 
Ananas comosus 
Canna indica 

herb 
herb 
climber 
tree 
tree 

herb 
.peels decoction for laundice 

Caricaceaa Carica papaya tree 
•herb 

1 seeds as anthelmintic 
Commelinaceae Commelina sp 

tree 
•herb ! 

Compositae Chromolaena odorata .herb 
herb 
herb 
herb 

1 styptic 
Composltae 
Compositae  
Compositae  
Connaraceae 
Convolvulaceae 

Aspilia africana 
Tridax procumbens 
Vernonia cinerea 
Cnestis fernjginea 
Ipomoea involucrata 

.herb 
herb 
herb 
herb 

; styptic Composltae 
Compositae  
Compositae  
Connaraceae 
Convolvulaceae 

Aspilia africana 
Tridax procumbens 
Vernonia cinerea 
Cnestis fernjginea 
Ipomoea involucrata 

.herb 
herb 
herb 
herb 

:poultice applied to whitlow 
Composltae 
Compositae  
Compositae  
Connaraceae 
Convolvulaceae 

Aspilia africana 
Tridax procumbens 
Vernonia cinerea 
Cnestis fernjginea 
Ipomoea involucrata 

.herb 
herb 
herb 
herb decoctton arrests miscarriage 

Composltae 
Compositae  
Compositae  
Connaraceae 
Convolvulaceae 

Aspilia africana 
Tridax procumbens 
Vernonia cinerea 
Cnestis fernjginea 
Ipomoea involucrata 

climber 
climber 

Composltae 
Compositae  
Compositae  
Connaraceae 
Convolvulaceae 

Aspilia africana 
Tridax procumbens 
Vernonia cinerea 
Cnestis fernjginea 
Ipomoea involucrata 

climber 
climber ijuice for conjunctivitis 

Convolvulaceae 
Cucurbitaceaa 

Ipomoea cairica cumber ' fodder for rabbits Convolvulaceae 
Cucurbitaceaa indet climber 1 

Cucurbitaceae Momodica charanlia 1 climber 1 febrifuge 
Cyperacaae 
Euphorbiacaas 
Euphorbiaceae 
Euphorbiaceaa 
Euphorbi aceae 
Euphorbiaceae 
Euphorbiaceaa 
Euohorbiaceae 
Euphorbiaceae 
Euphorbiaceae 

Cyp^rus sp 
Alchomea ccrdjfotia 
Mallotus oppositif'olius 
Mar^antana discoideus 
Phyllantlis sp 

herb Cyperacaae 
Euphorbiacaas 
Euphorbiaceae 
Euphorbiaceaa 
Euphorbi aceae 
Euphorbiaceae 
Euphorbiaceaa 
Euohorbiaceae 
Euphorbiaceae 
Euphorbiaceae 

Cyp^rus sp 
Alchomea ccrdjfotia 
Mallotus oppositif'olius 
Mar^antana discoideus 
Phyllantlis sp 

shrub 
shrub 
tree 
herb 
climber 
tree 

anti-rheumatic 
Cyperacaae 
Euphorbiacaas 
Euphorbiaceae 
Euphorbiaceaa 
Euphorbi aceae 
Euphorbiaceae 
Euphorbiaceaa 
Euohorbiaceae 
Euphorbiaceae 
Euphorbiaceae 

Cyp^rus sp 
Alchomea ccrdjfotia 
Mallotus oppositif'olius 
Mar^antana discoideus 
Phyllantlis sp 

shrub 
shrub 
tree 
herb 
climber 
tree 

febrifuge 

Cyperacaae 
Euphorbiacaas 
Euphorbiaceae 
Euphorbiaceaa 
Euphorbi aceae 
Euphorbiaceae 
Euphorbiaceaa 
Euohorbiaceae 
Euphorbiaceae 
Euphorbiaceae 

Cyp^rus sp 
Alchomea ccrdjfotia 
Mallotus oppositif'olius 
Mar^antana discoideus 
Phyllantlis sp 

shrub 
shrub 
tree 
herb 
climber 
tree 

Cyperacaae 
Euphorbiacaas 
Euphorbiaceae 
Euphorbiaceaa 
Euphorbi aceae 
Euphorbiaceae 
Euphorbiaceaa 
Euohorbiaceae 
Euphorbiaceae 
Euphorbiaceae 

Mezoneuron benthamianus 
Bridelia micrantha 
Securinega virosa 

shrub 
shrub 
tree 
herb 
climber 
tree 

root decoction as aphrodisiac 
.anti-diabetic 

Cyperacaae 
Euphorbiacaas 
Euphorbiaceae 
Euphorbiaceaa 
Euphorbi aceae 
Euphorbiaceae 
Euphorbiaceaa 
Euohorbiaceae 
Euphorbiaceae 
Euphorbiaceae 

Mezoneuron benthamianus 
Bridelia micrantha 
Securinega virosa shrub 

herb 
herb 
herb 
grass 
grass 

'medicinal 

Cyperacaae 
Euphorbiacaas 
Euphorbiaceae 
Euphorbiaceaa 
Euphorbi aceae 
Euphorbiaceae 
Euphorbiaceaa 
Euohorbiaceae 
Euphorbiaceae 
Euphorbiaceae 

Euphorbia sp 
Euphorbia heterophylla 

shrub 
herb 
herb 
herb 
grass 
grass 

Cyperacaae 
Euphorbiacaas 
Euphorbiaceae 
Euphorbiaceaa 
Euphorbi aceae 
Euphorbiaceae 
Euphorbiaceaa 
Euohorbiaceae 
Euphorbiaceae 
Euphorbiaceae 

Euphorbia sp 
Euphorbia heterophylla 

shrub 
herb 
herb 
herb 
grass 
grass 

1 lactogenic 
Fem 
Graminae 
Graminae 

Pneumatopteris afra 
Pennisentum giganteum 
Panicum sp 

shrub 
herb 
herb 
herb 
grass 
grass 

Fem 
Graminae 
Graminae 

Pneumatopteris afra 
Pennisentum giganteum 
Panicum sp 

shrub 
herb 
herb 
herb 
grass 
grass 

Fem 
Graminae 
Graminae 

Pneumatopteris afra 
Pennisentum giganteum 
Panicum sp 

shrub 
herb 
herb 
herb 
grass 
grass 

Graminae Setaria barbala 
Sachanum officinale 
Lantana camara 
Hoslundia opposila 

grass 
Graminae 

Setaria barbala 
Sachanum officinale 
Lantana camara 
Hoslundia opposila 

grass 
1 sugarcane 

Labiatae 
Labiatae 

Setaria barbala 
Sachanum officinale 
Lantana camara 
Hoslundia opposila 

shrub 
shrub 
tree 

•" herb 
tree 
herb 
herb 
herb 

' Labiatae 
Labiatae 

Setaria barbala 
Sachanum officinale 
Lantana camara 
Hoslundia opposila 

shrub 
shrub 
tree 

•" herb 
tree 
herb 
herb 
herb 

llactogenic; diuretic 
Lauraceae Persea americana 

shrub 
shrub 
tree 

•" herb 
tree 
herb 
herb 
herb 

• 

Liliaceae  
Loganiaceae 

Crinum jagus 
Anihocleista djalonensis 
Shigella anthelmia 
Hibiscus sp 
Cochorus sp 

shrub 
shrub 
tree 

•" herb 
tree 
herb 
herb 
herb 

' Liliaceae  
Loganiaceae 

Crinum jagus 
Anihocleista djalonensis 
Shigella anthelmia 
Hibiscus sp 
Cochorus sp 

shrub 
shrub 
tree 

•" herb 
tree 
herb 
herb 
herb 

Loganiaceae__ 
Malvaceae^  
Malvaceae 

Crinum jagus 
Anihocleista djalonensis 
Shigella anthelmia 
Hibiscus sp 
Cochorus sp 

shrub 
shrub 
tree 

•" herb 
tree 
herb 
herb 
herb 

anthelmintic Loganiaceae__ 
Malvaceae^  
Malvaceae 

Crinum jagus 
Anihocleista djalonensis 
Shigella anthelmia 
Hibiscus sp 
Cochorus sp 

shrub 
shrub 
tree 

•" herb 
tree 
herb 
herb 
herb 

Loganiaceae__ 
Malvaceae^  
Malvaceae 

Crinum jagus 
Anihocleista djalonensis 
Shigella anthelmia 
Hibiscus sp 
Cochorus sp 

shrub 
shrub 
tree 

•" herb 
tree 
herb 
herb 
herb 
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Plant species of Proposed E ==Z 

Family 
Uar^ntaceae 
Meliaceae  
Meliaceae 

Scientific Name 
Mar^ntochloa sp 
Trichilia monadelplia 

'Turraea heterophylla 
Triclisia subcordala 

Habit 
herb 
tree 
s_hrub 
climber 
Iree 
climber 

Medicinal Uses Family 
Uar^ntaceae 
Meliaceae  
Meliaceae 

Scientific Name 
Mar^ntochloa sp 
Trichilia monadelplia 

'Turraea heterophylla 
Triclisia subcordala 

Habit 
herb 
tree 
s_hrub 
climber 
Iree 
climber 

decoction tor piles 

Family 
Uar^ntaceae 
Meliaceae  
Meliaceae 

Scientific Name 
Mar^ntochloa sp 
Trichilia monadelplia 

'Turraea heterophylla 
Triclisia subcordala 

Habit 
herb 
tree 
s_hrub 
climber 
Iree 
climber 

Menispermaceae 
Mimossceae 

Scientific Name 
Mar^ntochloa sp 
Trichilia monadelplia 

'Turraea heterophylla 
Triclisia subcordala 

Habit 
herb 
tree 
s_hrub 
climber 
Iree 
climber 

Menispermaceae 
Mimossceae Aibizia zygia 

Habit 
herb 
tree 
s_hrub 
climber 
Iree 
climber Mimosaceae •Schrankia leptocarpa 

Habit 
herb 
tree 
s_hrub 
climber 
Iree 
climber 

Mimosaceae •Mimosa pudica 
!Albizia adianthifoiia 
Ficus sur 
Miticia exceisa 

climber 
tree 

, ^ 
Mimosaceae 
Moraceae ^ __ 
Moraceae 
Moraceae . 
Moraceae _̂_ _ 
Mvrtaceae 

•Mimosa pudica 
!Albizia adianthifoiia 
Ficus sur 
Miticia exceisa 

climber 
tree Mimosaceae 

Moraceae ^ __ 
Moraceae 
Moraceae . 
Moraceae _̂_ _ 
Mvrtaceae 

•Mimosa pudica 
!Albizia adianthifoiia 
Ficus sur 
Miticia exceisa 

tree 
' t r e e ' 

Mimosaceae 
Moraceae ^ __ 
Moraceae 
Moraceae . 
Moraceae _̂_ _ 
Mvrtaceae 

•Mimosa pudica 
!Albizia adianthifoiia 
Ficus sur 
Miticia exceisa 

tree 
' t r e e ' 

Mimosaceae 
Moraceae ^ __ 
Moraceae 
Moraceae . 
Moraceae _̂_ _ 
Mvrtaceae 

Antiaris toxicaha 
Ficus exasperata 

•Psidium quajava 

tree 
tree 
tree 

Mimosaceae 
Moraceae ^ __ 
Moraceae 
Moraceae . 
Moraceae _̂_ _ 
Mvrtaceae 

Antiaris toxicaha 
Ficus exasperata 

•Psidium quajava 

tree 
tree 
tree 

leaves as fodder 

Mimosaceae 
Moraceae ^ __ 
Moraceae 
Moraceae . 
Moraceae _̂_ _ 
Mvrtaceae 

Antiaris toxicaha 
Ficus exasperata 

•Psidium quajava 

tree 
tree 
tree for cough & tootfiache 

Nyctaginaceae 
Palmaa 

iBoeharvia diffusa herb leaves for boils Nyctaginaceae 
Palmaa iCocos nucifera tree ifnjit/oil 
Palmae  
Papilionace_ae  
Papilionaceae 
Papilionaceae 
Papilionaceae  
Papilionaceae 
Papilionaceae 

;Elaies£uineensis 
lÄSrus precatorius 
•Centrosema plumierii 
Millettia zecl^iana 
Ba^ ia nitida 

iDesmodium adscendens 
JTeramus labiales 

tree 
cumber 
climber 
liane 
Iree 
herb 

Oil Palmae  
Papilionace_ae  
Papilionaceae 
Papilionaceae 
Papilionaceae  
Papilionaceae 
Papilionaceae 

;Elaies£uineensis 
lÄSrus precatorius 
•Centrosema plumierii 
Millettia zecl^iana 
Ba^ ia nitida 

iDesmodium adscendens 
JTeramus labiales 

tree 
cumber 
climber 
liane 
Iree 
herb 

seeds poisonous 
Palmae  
Papilionace_ae  
Papilionaceae 
Papilionaceae 
Papilionaceae  
Papilionaceae 
Papilionaceae 

;Elaies£uineensis 
lÄSrus precatorius 
•Centrosema plumierii 
Millettia zecl^iana 
Ba^ ia nitida 

iDesmodium adscendens 
JTeramus labiales 

tree 
cumber 
climber 
liane 
Iree 
herb 

Palmae  
Papilionace_ae  
Papilionaceae 
Papilionaceae 
Papilionaceae  
Papilionaceae 
Papilionaceae 

;Elaies£uineensis 
lÄSrus precatorius 
•Centrosema plumierii 
Millettia zecl^iana 
Ba^ ia nitida 

iDesmodium adscendens 
JTeramus labiales 

tree 
cumber 
climber 
liane 
Iree 
herb 

Palmae  
Papilionace_ae  
Papilionaceae 
Papilionaceae 
Papilionaceae  
Papilionaceae 
Papilionaceae 

;Elaies£uineensis 
lÄSrus precatorius 
•Centrosema plumierii 
Millettia zecl^iana 
Ba^ ia nitida 

iDesmodium adscendens 
JTeramus labiales 

tree 
cumber 
climber 
liane 
Iree 
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lanti-asthmatic 
! anti-asthmatic 

Palmae  
Papilionace_ae  
Papilionaceae 
Papilionaceae 
Papilionaceae  
Papilionaceae 
Papilionaceae 

;Elaies£uineensis 
lÄSrus precatorius 
•Centrosema plumierii 
Millettia zecl^iana 
Ba^ ia nitida 

iDesmodium adscendens 
JTeramus labiales 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

1 

;Elaies£uineensis 
lÄSrus precatorius 
•Centrosema plumierii 
Millettia zecl^iana 
Ba^ ia nitida 

iDesmodium adscendens 
JTeramus labiales 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

1 
Passifloraceas 
Passilloraceae 
Portulacaceae  
Rubiaceae 

•Adenia lobata 
Smeathmannia pubescens 
Talinum trianguläre 
Pavetta corymfaosa 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

Passifloraceas 
Passilloraceae 
Portulacaceae  
Rubiaceae 

•Adenia lobata 
Smeathmannia pubescens 
Talinum trianguläre 
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climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

Passifloraceas 
Passilloraceae 
Portulacaceae  
Rubiaceae 

•Adenia lobata 
Smeathmannia pubescens 
Talinum trianguläre 
Pavetta corymfaosa 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

spinach 

Passifloraceas 
Passilloraceae 
Portulacaceae  
Rubiaceae 

•Adenia lobata 
Smeathmannia pubescens 
Talinum trianguläre 
Pavetta corymfaosa 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

Rubiaceae Monnda lucida 
Psychotria sp 
indet -

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

decoction for colic 
Rubiaceae  
Rubiaceae 

Monnda lucida 
Psychotria sp 
indet -

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

Rubiaceae  
Rubiaceae 

Monnda lucida 
Psychotria sp 
indet -

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

Rubiaceae Canthium sp 
Citrus sinensis 
Pauliinia pinnata 
Qli^hia sapida 
Clelnbollla ginnata 
Bljshia welwitschii 
Solanum torvum 

ICapsicum frulascens 
'Stercuija tragacantha 
Clerodendrum sp 
Cole us sp 
'Priva lappulacea 
Cissus quadrangulans 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

Rutaceae 
Sapindaceae 
Sapindaceae 
Sapindaceae 
Sapindaceae  
Solsnaceae 

Canthium sp 
Citrus sinensis 
Pauliinia pinnata 
Qli^hia sapida 
Clelnbollla ginnata 
Bljshia welwitschii 
Solanum torvum 

ICapsicum frulascens 
'Stercuija tragacantha 
Clerodendrum sp 
Cole us sp 
'Priva lappulacea 
Cissus quadrangulans 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

fruit Rutaceae 
Sapindaceae 
Sapindaceae 
Sapindaceae 
Sapindaceae  
Solsnaceae 

Canthium sp 
Citrus sinensis 
Pauliinia pinnata 
Qli^hia sapida 
Clelnbollla ginnata 
Bljshia welwitschii 
Solanum torvum 

ICapsicum frulascens 
'Stercuija tragacantha 
Clerodendrum sp 
Cole us sp 
'Priva lappulacea 
Cissus quadrangulans 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

Rutaceae 
Sapindaceae 
Sapindaceae 
Sapindaceae 
Sapindaceae  
Solsnaceae 

Canthium sp 
Citrus sinensis 
Pauliinia pinnata 
Qli^hia sapida 
Clelnbollla ginnata 
Bljshia welwitschii 
Solanum torvum 

ICapsicum frulascens 
'Stercuija tragacantha 
Clerodendrum sp 
Cole us sp 
'Priva lappulacea 
Cissus quadrangulans 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

fruit 

Rutaceae 
Sapindaceae 
Sapindaceae 
Sapindaceae 
Sapindaceae  
Solsnaceae 

Canthium sp 
Citrus sinensis 
Pauliinia pinnata 
Qli^hia sapida 
Clelnbollla ginnata 
Bljshia welwitschii 
Solanum torvum 

ICapsicum frulascens 
'Stercuija tragacantha 
Clerodendrum sp 
Cole us sp 
'Priva lappulacea 
Cissus quadrangulans 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

Rutaceae 
Sapindaceae 
Sapindaceae 
Sapindaceae 
Sapindaceae  
Solsnaceae 

Canthium sp 
Citrus sinensis 
Pauliinia pinnata 
Qli^hia sapida 
Clelnbollla ginnata 
Bljshia welwitschii 
Solanum torvum 

ICapsicum frulascens 
'Stercuija tragacantha 
Clerodendrum sp 
Cole us sp 
'Priva lappulacea 
Cissus quadrangulans 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

Rutaceae 
Sapindaceae 
Sapindaceae 
Sapindaceae 
Sapindaceae  
Solsnaceae 

Canthium sp 
Citrus sinensis 
Pauliinia pinnata 
Qli^hia sapida 
Clelnbollla ginnata 
Bljshia welwitschii 
Solanum torvum 

ICapsicum frulascens 
'Stercuija tragacantha 
Clerodendrum sp 
Cole us sp 
'Priva lappulacea 
Cissus quadrangulans 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

haemostatic after childbirth 
Solanaceae 

Canthium sp 
Citrus sinensis 
Pauliinia pinnata 
Qli^hia sapida 
Clelnbollla ginnata 
Bljshia welwitschii 
Solanum torvum 

ICapsicum frulascens 
'Stercuija tragacantha 
Clerodendrum sp 
Cole us sp 
'Priva lappulacea 
Cissus quadrangulans 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

haemostatic after childbirth 

Sterculiaceae 
Verbenaceae 
Verbenaceae 
Verbenaceae  
Vitaceae 
Zingiberaceae 

Canthium sp 
Citrus sinensis 
Pauliinia pinnata 
Qli^hia sapida 
Clelnbollla ginnata 
Bljshia welwitschii 
Solanum torvum 

ICapsicum frulascens 
'Stercuija tragacantha 
Clerodendrum sp 
Cole us sp 
'Priva lappulacea 
Cissus quadrangulans 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

edible gum Sterculiaceae 
Verbenaceae 
Verbenaceae 
Verbenaceae  
Vitaceae 
Zingiberaceae 

Canthium sp 
Citrus sinensis 
Pauliinia pinnata 
Qli^hia sapida 
Clelnbollla ginnata 
Bljshia welwitschii 
Solanum torvum 

ICapsicum frulascens 
'Stercuija tragacantha 
Clerodendrum sp 
Cole us sp 
'Priva lappulacea 
Cissus quadrangulans 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

Sterculiaceae 
Verbenaceae 
Verbenaceae 
Verbenaceae  
Vitaceae 
Zingiberaceae 

Canthium sp 
Citrus sinensis 
Pauliinia pinnata 
Qli^hia sapida 
Clelnbollla ginnata 
Bljshia welwitschii 
Solanum torvum 

ICapsicum frulascens 
'Stercuija tragacantha 
Clerodendrum sp 
Cole us sp 
'Priva lappulacea 
Cissus quadrangulans 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber 

.. .- .. . . . . „ 

Sterculiaceae 
Verbenaceae 
Verbenaceae 
Verbenaceae  
Vitaceae 
Zingiberaceae 

Canthium sp 
Citrus sinensis 
Pauliinia pinnata 
Qli^hia sapida 
Clelnbollla ginnata 
Bljshia welwitschii 
Solanum torvum 

ICapsicum frulascens 
'Stercuija tragacantha 
Clerodendrum sp 
Cole us sp 
'Priva lappulacea 
Cissus quadrangulans 

climber 
shrub 
herb  
'Shrub 
t ree" 
shrub 

shrub 
' t ree" 
climber 
tree 
Shrub 
tree 
shrub 

; Shrub 
tree 
climber 
herb 

:Climber enable children to v^alk 
purification rites 

Sterculiaceae 
Verbenaceae 
Verbenaceae 
Verbenaceae  
Vitaceae 
Zingiberaceae Costus afer herb 

enable children to v^alk 
purification rites Costus afer herb herb herb herb 

— — 
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Plant Species of Proposed EPZ 

TABLE 2 - LICHENS ON TREE TRUNKS 
jSclcnilflc Name 
iLecanorasp 
Squamoria muralis 
Xanthona sp 
Coccocsrpia sp 
Hyperphy^sica sg 
Physda sp 

TABLE 2 - LICHENS ON TREE TRUNKS 
jSclcnilflc Name 
iLecanorasp 
Squamoria muralis 
Xanthona sp 
Coccocsrpia sp 
Hyperphy^sica sg 
Physda sp 

- . . — 

TABLE 2 - LICHENS ON TREE TRUNKS 
jSclcnilflc Name 
iLecanorasp 
Squamoria muralis 
Xanthona sp 
Coccocsrpia sp 
Hyperphy^sica sg 
Physda sp 

TABLE 2 - LICHENS ON TREE TRUNKS 
jSclcnilflc Name 
iLecanorasp 
Squamoria muralis 
Xanthona sp 
Coccocsrpia sp 
Hyperphy^sica sg 
Physda sp 

TABLE 2 - LICHENS ON TREE TRUNKS 
jSclcnilflc Name 
iLecanorasp 
Squamoria muralis 
Xanthona sp 
Coccocsrpia sp 
Hyperphy^sica sg 
Physda sp 

— 

TABLE 2 - LICHENS ON TREE TRUNKS 
jSclcnilflc Name 
iLecanorasp 
Squamoria muralis 
Xanthona sp 
Coccocsrpia sp 
Hyperphy^sica sg 
Physda sp • • 

4 unidentified species 
• 

WATER BODIES 
Wetlands No 
Water Yes 
Creaks No 
River Yes 
Lakes |No 1 

Oceans No 
Dams INo 

1 Oceans No 
Dams INo 1 
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ANKORRA RESOURCF.S FFELD TROIFXT: FAUNM. LIST 

Ordcr /Fami ly / rominnn Nnmr Sp^rifs 

INVERTEBRATES 
MOLLUSCS 
GASTROPODA 
Snail Archachatina xp 

ARTHROPODS 
MYRIAPODA 
Millipede .Zulus sp. 

m S E C T A 
LEPIDOPTERA (Butterflies} 

PapiÜonidae Papilio demodocus 

Pieridae Colo tu euinpe 
Eurema sene^aiensis 

Nvmphalldae Acraea eponina 
Acraea sp 
Catacrnpiera claeinihe 

Danaus chrysippus 
Hamanumida daedalus. 

Hypolimnas misippu.f 
Junania lerea 
Junonia eonone 
Junonia sophia 
Junonia char im er a 

Junonia hiena 
Neptiv sp 

Phalania phalanta 
Salamu anacardii 

Hcfpenda« PvrrhochalcLS iphis 

Sfltvridac 
Lvcacnidae 
ORTUOPTERA (Grasshoppen) Cvrtacanihacru sp 

Zonoceros vaneeoms 

HYMENOPTERA (Ants. Bees) Palthothvreus sp 

ODONATA (Dragonflies} 

VERTEBRATES 
AMPHIBIANS 
ANURA (Froßs and Toadsl 
Bufontdaerroads) 
Common Toad Bufo rezulans 

Giant Toad Bufn ^iiperctliaris 

Ranidae (FroRs) 
Common Fro a Hvlisrana Kalamensis 

Common Froc Dicroelossus occipitalis 

Reed Froa Hvperohus vindiflavus 

REPTILES 
C H E L O M A {Tortoises/Tunleu) 
Pflomedusldae (Terrapins) 
Manh Terrapin Pelomedusa suhruta 
Tutudinldae (Land Tortoises) 



Hir,;:ïd Tortmse 1 A'l'r.rVv ^.^me(/1^3 

SOUAMATA: Lacerlilia (Ltzards) 
Acornldae (Afiamas) 

A?ama (Rainbow) Lizard Aff^nia ni:nma 
CcUWonidae (GcrUnO 
Common House Geckn Hcmtrliiiivluz biu'ikfi 
Gecko Lvgodacrvlut conroui 

Sctncidae (Skinki^Snakc-Lliards) 
Skink Panazpts loeoensis 
Varanidae (Monitor Lizards) 
Nile Monitor l^nraniii nilnincus 

Bosc's (Savanna) Monitor Varartus exanihemauciis 
Chamaelconidae (Chameleons) 
Graceful Cban^eleon Charnoeleo gracilis 

SQUAMATA; Serpenles (Snakej) 
Boidae (Pvthoos) 
Roval PvthoQ Python regius 
Afncan Python Pv'hon sebne 

Colubridae (Typical Snakes) 
Green Tree Snake Philoihnmnus jcwitvonegafttJ 

Elapidae (Cobras, Mambas) 
Green Mamha Denilroaspis vinda 

Black/Forest Cobra Noja mclanolevca 

Vlperidae (Vipers. Adders) 
Giboon Viper Bitis eobonica 
Rimoccros Vioer 8 navicornü 

RIRDS 
FALCONIFORMi;S (Birds of PrcY) 
Acclpilrldae 
Black Kite Milvus migrans 

Hooded Vulnire Neophron monachus 

PSITTACIFORMES (Parro ts ) 
Piittacidae 

Red-headed Lovebird Aeapomis D"lloria 

CUCUTJFORMES (Cuckoos) 
Musopbacidae 

Grey Plantain-cater Crinifer pi.icainr 

Cuculidae 
Senccal Coucal Cenn-opus senezolensis 

CORACnFORATES (Kincfisbers) 
Alcedinfdae 
Seneeal Kinefisher Halcyon senegalensis 

Bucerotidae (Hornbills) 
Allied Hombill Tockus facinlus 

PASSERIFORMES (Snnehirds) 
Corvidae 

Pied Crow Cofvjis alhus 

Hlrundinidfle 
1 1 1 n tl 

?;^^u.:..:iij«i 
Q^nitiionrnrng flb^rurd 

Corner Sunbifd \Necinrtma c\wea 
Plocelrlaa 1 VUIaee Weaver 1 Ploceus cuculltiius 

1 Euplectis onx 

file:///Necinrtma


1 U^if^/>f/.V 
ARTIODACTYLA 
Fiovidsc (Anlclopes. Duikers, clc.) 
Maxwell's Duiker Cephulophus niarwclli 
Roval Artelopc Neotragux pvs^aeus 
Bushhuck l'iin<rliiphus .itriftrjii-

SiiidaefPiEi) 
Red River HOB Polamochoenis poreus 
C A R N I V O R A 
ncrpect idae (Mongooses) 
Moneoose Mungos samhianiis 
Viverridae (Clvetsl 
African Gvet Civetliciis civena 
PRIMATES 
Galasonidae (Tiushhabiesi 
Seneca! Bush Babv (Galasol Galcgo sene^aleniis 
Loridae fpottos) 
Bosman's Potio Perodicticus portn 

RODENTIA 
Mur idacrRats . Mice) 
Zebra Mouse Lfinnijcomvs s'natus 
Brush-furred Mouse Lophuromvs iikapusi 
ShaßRV Swamo Rat Dasvmvx incomTus 
Cr l« ( idae (Giant Rats) 
Gambian Giant Rat Cricetomys eambianus 
Thrvonomvidac fGrasscutters) 
GtaEscutter (Cutting Grass) Thrvonomvs swiiderianus 
Hvstrlcidae fPorcupines) 
Crested Porcupine Hvirrix crisiaia 
Brush-iailcd Porcupine Athenirus africanux 
tNSECTIVORA 
Soricidac (Shrews) 
White-tooihed shrew Crocidura oliveh 
Hedpehoe Erinaceux alhivifntris 
PHOLfDOTA 
Manldac (Pangolins) 
Tree Pansolin Phataginus tricuspii 

Lon?-iailed Pangolin Uromanis letradocrvia 
HYRACOIDCA 

Procavildae ( H v r a ï t s ) 
Tree Hvrax Dendro hvrax dors a Us 



Environmental Impact Assessment Report 

1 1 Re f mery-Chemical Corplex Ke/ 

~l" ~ V ! A. Sulfur P l a t 
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Figure 2.1 Proposed re finery •chemical complex. 

Table 2.5 Refinery-Chemical Comptex Information 

Stack Parameters Coordinatea" 

Proceiaea Uncontrolled Height"' Din. Vel. Temp UTMX UTMY 
Emisaiona (m) <m) (m/a) (K> (km) (km) 

<g's) _ ^ ^ ^ _ _ 

Sulfur plant 53.94 

Sulfuric 16.62 

a d d plant 

CaUlytic 201.9 

'coker 

Catalytic 100.2 

cracker 

Boiler #1 133.6 

Boiler #2 111.1 

100.6 1.83 3.31 664 

100.6 1.07 10.38 339 

76.2 3.66 21.81 561 

76.2 3.05 15.71 561 

100.7 4.59 13.4 478 

100.7 4.59 11.2 478 

360.64 4043.35 

360.64 4043.3 

360.8 4043.1 

360.84 4043.2 

361.31 4042.85 

361.34 4042.87 

(1) Stack height conforma to good enpneenng practice. 

(2) Coordinates are Universal Tranaverae Mercator Grid Tiet (blue ticka on Geolop-
cal Survey maps). Spacing between ticks = 1000 m. 



Environmental Impact Assessment Report 

Table 2.6 Allowable Emission« tor the New Source»  

Sulfur Oxide Actual Allowable Percent 
Process Standards BACT Emissions Emissions Reduction 

NSPS (g/s> (g/s) (g/s) 

Sulfur plant BACT 500 PPM 53.94 5.66 89.5 

Sulfuric acid 
plant 

2kg/MT 
of 100% 
"-id 

" 

16.62 4.75 71.4 

Catalytic 
cracker BACT 500 PPM 201.90 171.50 15.1 

Catalytic 
cracker BACT 500 PPM 100.20 85.75 14.4 

Boüer #1 1.21b 
per million 
BTU-a 

133.60 117.30 12.2A 

BoUer »2 1.21b 
per million 
BTU-s 

111.10 97.20 12.5 

Table 2.7 PSD Incremenf. In ng/m*. Clas« II Region  

Averaging Time Sulfur Oxide Total Suspended Particulates 

Not applicable 

37 

19 

3 h 512 

24 h 91 

Annual maximum 20 

Table 2.8 Stack Parameters and Emissions for Other PSD Sources 

Stack Parame ten Coord! natei'» 

Processes Uncontrolled Height'" Di«. V.l. Temp UTMX UTMY 
Emiations {m) (») m/l (K) (km) (kin) 

(B/«) 

Coal fired 
tunnel kiln 126.1 4.57 1.22 38.4 478 360.60 4044.90 

Boiler #3 174.2 12.8 1.37 3.90 533 343.26 4044.63 

Asphalt plant 67.3 9.75 1.22 21.8 405 358.2 4045.90 

Boiler »4 217.2 114.3 3.05 18.9 4U 361.72 4042.05 

(I)SCack height conforms to good engineering practice. 

(2)Coordinates are Universal Transverse Mercator Grid Tiei (blue tick» on Geologi
cal Survey maps). Spacing between licks = 1000 m. 



Environmental Impact Assessment Report 

Table 2.9 Sulfur Dioxide Monitors at KIngsport,Tennessee, 
Maximum Concentrations In \igfrn' 

Monitors#47-163- 0007 0009 

Year 1996 1997 

Maximum 3-h value 458 392 

Second highest 3-h value 390 371 

Maximum 24-h value 253 107 

Second highest 24-h value 131 106 

Annual arithmetic mean 31 24 

UTM coordinates for monitor: 

UTMX 364.178 360.211 

UTMY 4044.13 4041.88 

TU)le 2.10 Reeults of ISC3 Modeling Study of Chemical-Petroleum  
Complex Sulfur Dioxide Concentrations In npftn*  

Allowvd Mazlraum Msaaured 
AveragiDg PSD Calculated at PSD Ail PSD Sum 
Tlma IncrcmcDt Incretnent Monitor (1) Source! (2) NAAQS (l)+(2) 

3-h 612 55.2 371 649 1300 1020 

24-h 91 29.7 105 225 366 330 

Annual 20 S.7 24 27.9 80 51.9 

file:///igfrn'


APPENDIX m 

EPA Ghana Letters, September 08,2000 and September 21,2000 

Participants,August 16,2000 Meeting. Accra,Ghana 

Environmental Policy (Synopsis)-Ankobra Resources Ltd. 



Tel. (021)664697/664698, ^ ( L ^ V Environmctital ProtóCtion AQcncy 
'80175-9 fajW^ P.O.BDXMJÏÈ 

F«: 2 3(021)662690 . I f f l ^ «n«PostOüice 
Tlx: 2509 Environ - Gh lijlp^g^y r. 

Our Rcf:. CE 413/01/37 September 8, 2000 

ROLAND T. CAIN 
ANKOBRA RESOURCES LTD 
HOSTON, TEXAS 77245-14S5 
U.S. A 

Dear Sir, 

GUIDANCE FOR EU RF.VTStQN 
PROPOSED ANKOUR.V RESOURCES PETROCHEMICAL REl-'INEPY PROJECT. SEKONDI 

Wc acknowledge receipt of your fax message of August 28, 2000 requesting for 
guidelines to help you revise the EL\ for ihc above proposal. 

We have attached a copy of the minutes of the Meeting (at your request) held on August 
16. 2000 at ihe EPA Conference Room for your inrormation and reference. 

Wc wish to indicate thai the advice to view the VRA Thermal Plant EL^ at the EPA 
Library was only for your guidance purposes. The Report must not be used as the 
standard, (the Ghana EIA Procedure;; is the standard reference). Projects are required to 
comply with the relevant national environmental guidelines. Where none exists for a 
given parameter, the necessary agreement must be reached with the Agency in order to 
apply the appropriate intcmational/foreij^i siandiirds. 

We have provided also (in an attachment) for your guidance the specific references in the 
K>u<^.^ ci>. p J (i .'Ari' (ilrrinriv .iviiilibl? in vnu), thai NVi)l facilitate the required 
EIA revision. 

It is however your responsibility to relate these to the real issues and situation on the 
ground where the project's impacts are likely to be felt. It was on this important subject 
of helping to make the EIA and related decision options reflect practical ground 
conditions that the Agency offered at tlie scoping stage to assist your technical staff in the 
field. Unfortunately however, you did not avail yourself of that unique opportunity. The 
Agency for example has not had the benefit of precise knowledge of 
(i) proposed facility locations or sitings eg. pipeline routes for crude oil delivery, sea 

water uptake and waste (hot) water discharges 
(ii) the basis for the proposed resertlcmcm. consultations held with the 

afTccted/interestcd parties and decisions reached to that effect. 
(iii) potential emission status and what this translates into on the ground, who or what 

are likely to be affected and to what extent. 



(iv) type of sludge generation, and other wastes, disposal means and site and 
who/what are likely to be affected 

' (v) • the "affected" coastal environment and resources, etc. Appropriate maps and 
diagrams relevant lo the project area LUC not provided to help illustrate text and 
faciliute verification. 

Against the above background, the Agency is highly limited in the extent of specificity 
and detail to which the requested guidelincsi can be given. 

Furthermore, baseline information given were in most respects incomplete. For instance» 
the report indicated on Page 21 under "Social" - that "survey of cultural aspects of the 
community and needs or central issues that drive tlie surrounding communities will be 
done" at Pre-construction, instead of at the HI A stage. This leaves major gaps for the 
required decision making considerations. 

It must be emphasized that comprehensive baseline information is useful and provides a 
full understanding of the current status of the environment of the project area and 
"affected" surroundings, in terms, for instance of social, landusc. flora and faima, noise, 
air quality, etc. The importance of this is lo help predict and determine changes likely to 
arise from introducing or superimposing a project in an area, what resources or 
communities are at risk and the extent to which they arc affected. 

In the end the EIA must provide all the answers needed to facilitate decision-making on 
all aspects of the project by the appropriate authorities. It is important therefore that the 
findings of the EIA to be submitted provides clear decisions on all major aspects of the 
project, the various options considered, how the preferred option was arrived at and who 
were involved in the various decision-making processes. 

We hope this will help in the revision exercise. 

Yours faithfully. 

J. Ai'ALLOTE"^ 
DIRECTOR/HBGIONAL PROGRAMMUS 
for : EXECUTIVE DIRECTOR 

CCl t t i o Hon, Minister, Ministry of Environmcm, Science & Technology, Accra 
The Hon. Minister, Ministry of Mines &. Energy. Accra 
The Executive Sectcüuy, Ghana Free Zones Board. Accra 
The Exccuiive Sccrcttiry, Energy Commission, Accra 
H.?.. The Ambassador, American Embassy. Accm 
Mr. John K, Offeli, Attorney and Director. Ankobra Resources LiJ 
Mr. S. K. BhattaoWariee, Dir^cigr, Ankobra Resources Ltd. 
iHifu Ali and Compnny, Auditors, \nkohra Resources Ltd. 
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SPECIFIC REFERENCES IN TTTF. GHANA RIA PROCEDURES 

The presentation fonnai for an Environmental Impact Statement is as follows (as 

provided for in the Ghana EIA Procedures) 

1. Non-Technical Executive Summary (for details sec Pages 40 and 45 Section 4.3 

of the of the Ghana EIA Procedures) 

2. Introduction 

3. Description of Development (Pages 39(a & b) and 43 Sections 1,1 & 1.3 and 44 

Section 3.1) 

4. Description of Existing Environment (Pages 39 (c & d), 43 Sections 1.2 & 1.4 and 

44 Section 3.1) 

5. Assessment of Impacts (Paf;cs 39 ( c A 0, 41 and 44 Section 2). It is very 

important to pay particular attention to the sections 2.1, 2.2 and 2.3 of Page 44 of 

the Procedures 

6. Mitigations (Pages 39 (g, i &j) 

7. Monitoring Plan (Page 39 (h) 

8. Provisional Environmental Management Plan (Pages 39 (i) and 45 Section 3.3) 

9. Decommissioning 

• Guidance on report presentation (sec Pages 40, 45 sections 4.1 and 4.2) 
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Our Ref; CE. 413/01/39 

ROLAND T. CAIN 
ANKOBRA RESOURCES LTD 
HOUSTON, TEXAS 77245-0485 
U.S. A 

FAX 713/433-6050 

Environmental Proieaion Mgenuy 
P.O.Box Wi26 
Ministries Pofl Office 
Accro. Ghow 

Dear Sir, 

STANDARD REFERENCES - GH-M^A E U PROCEDURES_(I995i 
NOT ENVIRONMENTAL ASSESSMENT TN GHANA. A GUIDE (1996^ 

We refer lo your IcUer on the apparent conTusion on ihe "specific references" provided in 
our letter of September S. 2000 to guide vou on the revision of the Proposed Ankobra 
Refinery ElA. 

please take nonce that there arc two key documents on EiA in Ghan;\. These arc: 
1. The Ghana EnvironraRnial Impact Asse-isment Procedures (1995) and 
2. Environmental Assessmeni in Ghana. A Guide (1996) 

We did indicate in our letter thai the Document ~ Ghana Environmental Impact 
Assessment Procedures contains the standard requirements on EIA and must be followed. 

All references made in our September S, 2000 leticv were therefore to t!ic Ghana EIA 
Procedures Document, but not the Environmental Asscssmeiu Guide (1996). This is 
attested to by the first sentence of your response letter of September 15, 2000 and so 
there is no basis for your apparent confusion- For the avoidance doubl, we have attached 
the Pages 39. 40. 41, 43. 44 and 45 of the Ghana EIA Procedures documeni-

Yours faithfully. 

J. A.ffLtOT^Y 
DIRECTOR/ REGIONAL PROGR^^MMES 
for: EXECUTIVE DIRECTOR 

Co; Thi; Hun. Minisittr, Ministr,- of Eiivironnicin. ScLïnc« & •I'ccUni.llQij.y. ,\c;ra 
TlioHon, Miiiiütat. Ministry of Mines Ä Energy, .^ccra 
Ttic Executive Secretao', Energy Commisïwn. Actra 
The Exfcuijvc Scctciary, GU;ina Free Zones Bpird. '\ccra 
The Embassy olGhatia. Washmgwn. D, L 
The U.S. Embassy, U.S. Ücpartnicni ut'Commerce, Kix'n 
All DirctiQts and Audiioi"s, AnVobra Resviarccs Lid, 

r,HH tk'twATAH 
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Environmental Policy 
(Synopsis) 

The Environmental Policy includes the guidelines and regulations that governs the areas of 
air quality, water quality, waste-management, and environmental science management. 
These guidelines and regulations include core scientific and technological factors, 
environmental systems, and pollution control. 

All guidelines and regulations involving hoth environmental standards and pollution 
controls, provides level of comptence needed by the environmental personnel. The 
macro-picture as related to environmental regulations, i.e. Clean Water Procedures and 
Methods, Conservation of Resources and Recovery, Emergency Planning and Community 
Right-To-Know, Occupational Safety and Health Regulations, Toxic Substances Control 
and the Endangered Species List-Ghana. 

Air Quality: 
Applicability: 

Provides that technical standards are applicable to all air quality that all processing 
equipment is designed and rated to meet such standards as related to air quality. These 
technical standards meet or exceed the standards established by the Ghana EPA or 
applicable governmental agency(s). 

General Standards: 

(a) Requires company to acquire and maintain an Environmental Permit 
(b) Develop and maintain air quality programs for the petrochemical-refinery 

complex 
1. Program to meet or exceed NAAQ or Ghana EPA Air Standards to include 

mobile sources,HAPs, Acid Rain, Emissions, and Ozone 
2. Requires that environmental personnel submit a written report on a 

scheduled basis through the appropriate chain of command at the scheduled 
lime. 

(c) Specifies that latest industry standards/codes are to be used. 
(d) Environmental personnel are required to receive training in air quality issues 

Variances and Alternative Procedures: 

(a) Requires the Board of Directors, Ankobra Resources Ltd.'s approval of 
various alternative procedures 



(b) Authorizes Managing Director to approve various/alternative procedures if 
protective of health and the environment 

(c) Authorizes request for approval for new or alternative equipment and techniques 
and when compliance with technical standards is unreasonable. 

(d) Specific that requests be in writing and accomplished by support materials 
(e) Requires that Environmental Compliance Officer maintain record of variance 

or alternative procedure 

Implementation Schedule: 

(a) Requires that company develop and maintain Air Quality Programs on an 
immediate basis, with release detection, electronic monitoring,air emisaon, 
recordkeeping, and air quality report to become due on an immediate basis 
during the operational phase 

(b) Requires that all processsing equipment, incineration equipment and power plant 
equipment be rated in terms of air emission values. Storage tanks are rated and 
data filed on an immediate basis in terms of gas emissions, whether it is crude oil 
or petroleum products(to include LPG) and gas or vapor levels of any spilled 
crude oil or products. 

(c) Establish technical standards for new piping. Prescribe acceptable industry 
standards for piping. Requires release detection for piping. 

(d) Requires secondary containment system for hazardous substances. Provide 
desigji standards for monitoring wells 

(e) Requires maintenance records of the processing equipment and storage tank 
fadlity. 

Installation Standards for New Processing Equipment-Storage Tank Facility 

(a) Prescribe general industry standards for new processing equipment and storage 
tank facility. Requires proper handling of processing equipment and Storage 
Tank Facility prior to and during installation, inspection of tanks and piping prior 
to installation,and replacement of damaged processing equipment,storage tanks 
or piping in accordance with manufacturer's recommendations. 

Specific general excavation standards. Prescribed suitable bedding and backfill 
materials. Prohibits processing equipment and tank placement directly on native 
$oils,saddles or pads. 

(b) Requires anchorage systems in high water tables areas. Specific acceptable 
anchoring methods. Prescribe corrosion protection for metal components. 

(c) Prescribes installation procedure for non piping systems. 



(d) Requires air testing prior to installation of new tanks and piping. Requires 
processing equipment, tank and piping pressure tightness tests prior to beginning 
system operations. 

(e) Prescribe installation standards for cathodic protection systems 
(f) Prescribe installation requirements for secondary containment system. 
(g) Establish installation standards for monitoring wells, including requirements 

for qualified personnel, minimum depth, and sealing. 
(h) Requires owner/operator or designated expert and installer to certify the 

adequancy of the installation 
(i) Prescribe required installation records,including as built -site drawings, equipment 

specifications and operating instructions, and test results. 

Technical Standards for Existing Processing Equipment-Storage Tank Facility 

(a) Requires existing processing equipment and storage tank facility to be brought 
up to minimum standards either by replacement with new processing equipment 
or upgrading to minmum standards. Requires non-compliant existing tanks to be 
removed from service 60 days after prescribed compliance date 

(b) Requires metal integrity assessment and cathodic protection,where applicable on 
an annual basis Allows integrity assessment by external release detection, tightness 
testing and internal inspections. Allows site repair or relining,where applicable to 
metal components of both processing equipment and storage tanks (unsound 
conditions) 

1, Requires spill/overfill prevention equipment on existing processing 
equipment, where applicable, and storage tanks, 

2. Requires line tank detection on existing or new pressurized piping on an 
annual basis. 

(c) Require existing hazardous substances tanks to be equipped with a secondary 
containment system and associated release detection system. 

(d) Requires owners/operators to maintain records of processing equipment and 
tanks/piping with a secondary containment system and associated release detection 
system. 

General Operating and Manifest Requirements 

(a) requires owners/operators to operate systems to prevent releases 
(b) requires systems to be operated in accordance with industry standards 
(c) requires inventory control procedures in the processing and storage tank areas 
(d) requires owners/operators to employ spill/overfill prevention and control 
(e) prescribes operational requirements for release detection system 

m 



(f) prescribe operational requirements for corrosion protection systems 
(g) requires owners/operators to maintain operational and maintenance records 

for the life time of the petrochemical-refineiy complex. 

Reuse of Used Tanks 

(a) prescribe general requirements for reuse of used tanks, including comphance with 
new tanks installation, spill/overfill prevention,corrosion protection,release 
detection and other requirements 

(b) prescribe requirements for applying fibre glass extensions coating to used steel 
tanks, including compliance with industry standards and requirements for cathodic 
protection 

(c) requires owner/operator to maintain records related to reuse of used tanks, and 
prescribe types of records and duration of recordkeeping 

Incineration Process and Power Generation Units 

Both the incineration process and power generation unit will require similar environmental 
policies as related in air quality. Providing technical standards that are applicable to air 
quality for such equipment or plants. 

These technical standards meet or exceed the standards established by the Ghana EPA or 
applicable governmental agency(s). All General Standards, Variances and Alternative 
Procedures, Implemntation Schedules, Technical Standards and Installation Standards are 
applicable to both the incineration process and power generation units. 

Listed are categories and topics covered in the Environmental Policy. 

1. 
2. 

Environmental Permitting 
Environmental Management 
a. air quality-
b. water quality 

h. soil erosion 
i. land assessment 

c. air emissions 
d hazardous waste disposal 
c. «3Stewaler discharge 
f. Gulf of Guinea 
g, Anoe Village 

j . stormwater 
k. oil ^ l l s (land & marine) 
1. emergency responses 
m. malaria and eradication process 
n. health and safety 

3. Environmental Monitoring 
a. air quality 
b. nater quality' 

h. soil erosion 
i. land assessment 

c. air emissions 
d. hazardous waste dt^x)sal 
e. wastewater discharge 

j . stomtwater 
k. oil spills (land & marine) 

m. malaria and eradication process 

IV 



f. Gulf of Guinea n. health and safety 
g. Anoc Village 

Training of Environmental Personnel 

5. Compliance - EPA Ghana 
a. air quality h. soil erosion 
b. water quality i. land assessment 
c. air emissions j . stormwaler 

d. hazardous waste disposal k. oil $i»lls (land & marine) 
e. wastCH'aler discharge I. malaria and eradication process 
f. Gulf of Guinea m. emergency responses 

n. health and safety 

6. Environmental Law 

reference for dclcrming which chemicals of each major envirormiental law regulate and where in 
the laws the chemicals are specified Environmental laws referenced in relations to chemicals as 
applied to Clean Air. Clean Water, Safe Drinking Water, Resource Conservauon and Recovery, 
and Toxic Sidistanccs. 

In addition, chemicals regulated b>' the Occupational Safe^ and Health concerns of the EPA-
Ghana. 

7. Pesticides 

include basic concems and EPA-Ghana Rcgulalions as related to Insecticides, Fungicides and 
Rodeiitcidcs. It will cover international pesticides regulations including exports, imports, and 
global issues.as well as pesticide regulations under other regulations such as Clean Air. Clean 
Water. Resource Conservation and Recovery, and OSHA. 

8. Hazardous Waste 

a. hazardous waste analysis 
b. hazardous materials 

c. hazardous properties of chemical substances 

9. Audits 

10. Recordkeeping 

11. Pollution Coolrol and Equi[nKnl 

12. Decommission of Petrochcmical-rcfinerv^ Comirfex 
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