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1 INTRODUCTION 

1.1 Ministry Overview 

In 2007, the CMA church of Gabon fully was turned over to the Gabonese pastors, completing a 10 year 

process of transition.  Under Gabonese leadership, the church denomin

sending missionaries to neighboring countries, trains pastors through its own seminary, and has a number of 

social outreach ministries.  The church has an extremely good reputation throughout Gabon, partly due to 

Bongolo Hospital (a mission hospital in the southern part of the country) and the social outreach ministries.

These social ministries were joined together as the Center for Social Outreach of the Alliance Church (

The vision of COSAC is to bring abundant life to those in need, and each sub

organization does this through their specific work along with a focus on evangelism.  

Gabonese Pastors Jean Marc Ynguemba, Director of Communications,

Moulele, COSAC Director, are the driving forces behind the project.  Through their 

hard work, dedication and passion for the vision, COSAC will serve and bless the 

people of Libreville and the surrounding communities.  

 

1.2 COSAC Master Plan Project Overview

In 2010, COSAC purchased 25 hectares (62 acres) of land adjacent to highway 1 which extends from 

Libreville into the center of the country.  The land is located at PK27 (public kilometer 27) 

kilometers from the center of Librevi

COSAC ministries onto one centralized campus, thereby expanding their overall effectiveness throughout 

Libreville and the region. 

 

The master plan shows a general building plan for the 

infrastructure.  As the site is developed, each area should be designed to meet the specific ministries criteria 

and the master plan updated to reflect the specific designs.

Pastor Jean Marc Ynguemba 
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In 2007, the CMA church of Gabon fully was turned over to the Gabonese pastors, completing a 10 year 

process of transition.  Under Gabonese leadership, the church denomination has planted many churches, is 

sending missionaries to neighboring countries, trains pastors through its own seminary, and has a number of 

social outreach ministries.  The church has an extremely good reputation throughout Gabon, partly due to 

Hospital (a mission hospital in the southern part of the country) and the social outreach ministries.

These social ministries were joined together as the Center for Social Outreach of the Alliance Church (

– Centre des Oeuvre Social de l’Alliance Chrétienne).  COSAC 

includes the medical outreach (OSPAC – L’ouvre de Santé Primaire 

de l’Alliance Chrétienne), eye and handicap outreach (

Partenaires de la Readaptation a Base Communautaire), the 

national church schools (EAC – Eglise de 

l’Alliance Chrétienne), orphan care (Masion 

de Esperanza - House of Hope), widow and 

elder care (Bon Samaritan – Good 

Samaritan), Christian bookstore (LAC – 

Librarie de l’Alliance Chrétienne), and the 

air ambulance (Aviation Medical). 

 

COSAC is to bring abundant life to those in need, and each sub-

organization does this through their specific work along with a focus on evangelism.  

Gabonese Pastors Jean Marc Ynguemba, Director of Communications, and Immanuel 

are the driving forces behind the project.  Through their 

hard work, dedication and passion for the vision, COSAC will serve and bless the 

and the surrounding communities.   

ject Overview 

In 2010, COSAC purchased 25 hectares (62 acres) of land adjacent to highway 1 which extends from 

Libreville into the center of the country.  The land is located at PK27 (public kilometer 27) 

kilometers from the center of Libreville.  The purpose of the land is to consolidate each of the specific 

COSAC ministries onto one centralized campus, thereby expanding their overall effectiveness throughout 

The master plan shows a general building plan for the entire land, along with the basics of site 

infrastructure.  As the site is developed, each area should be designed to meet the specific ministries criteria 

and the master plan updated to reflect the specific designs. 
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Good 

 

Librarie de l’Alliance Chrétienne), and the 

organization does this through their specific work along with a focus on evangelism.  

and Immanuel 

are the driving forces behind the project.  Through their 

hard work, dedication and passion for the vision, COSAC will serve and bless the 

In 2010, COSAC purchased 25 hectares (62 acres) of land adjacent to highway 1 which extends from 

Libreville into the center of the country.  The land is located at PK27 (public kilometer 27) – which is 27 

lle.  The purpose of the land is to consolidate each of the specific 

COSAC ministries onto one centralized campus, thereby expanding their overall effectiveness throughout 

entire land, along with the basics of site 

infrastructure.  As the site is developed, each area should be designed to meet the specific ministries criteria 

 

 Pastor Samuel  
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1.3 EMI Trip and Team Personnel 

An initial design team from EMI visited the ministry and site in Libreville in the summer of 2011, initiating 

programming and master site planning.  A second team visited the site and ministry the last weeks of 

February 2012 to further investigate and develop the overall site master plan.  The team spent the majority 

of the time surveying the eastern half of the project site, conducting soil tests, further developing the 

programming for the associated ministries, and designing the initial medical clinic facility. 

 

The eMi team consisted of the following: 

 

Name Role Home 

Jordan Abbott Structural Engineer Alberta, Canada 

Lori Aideyan Architect Intern Houston, Texas 

Dirk Anderson EMI Staff/ Team Leader Colorado Springs, Colorado 

Kelvyn Anderson Rod man/ Dirk’s son Colorado Springs, Colorado 

Frank Gorman Architect, Planner Grand Rapids, Michigan 

Al Jarrett Agricultural Engineer State College, Pennsylvania 

David Lee Surveyor Hanna, Wyoming 

Wesley Morgan Architectural Designer Wichita, Kansas 

Bob Smith Electrical Engineer Denver, Colorado 

Henry Watts EMI Staff / Team Leader Colorado Springs, Colorado 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

[left to right, top row: Frank Gorman, Wes Morgan, David Lee, Al Jarrett, Dirk Anderson, 

Bob Smith, Jordan Abbott.  Front row: Tim Brokopp (e4 project), Lori Aideyan, Kelvyn Anderson. 

Not pictured: Henry Watts] 

 

Engineering Ministries International (EMI) is an international Christian non-profit organization whose vision 

is to mobilize design professionals to provide donated design assistance to ministries in developing nations 

who are helping the poor and proclaiming the gospel of Christ.  COSAC requested EMI’s design assistance on 

this project because of a lack of qualified and affordable design professionals in the area.   
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1.4 Scope of Work 

This report and attached drawings document a proposed master plan for the long term vision for COSAC and 

the site as well as design for the first phase of this project.  This report should be used as a guide for 

development of the campus, including the infrastructure of the campus. 
 

Included in this report: 

• Architectural Master Plan – including a detailed program of all the facilities that might be located on the 

campus in the future 

• Infrastructure Master Plan – including electrical, water, and waste water recommendations for the 

campus and information about what further information would be necessary to design for the first phase 

• Architectural schematic design of the Phase 1 building – OSPAC/RBC Medical Clinic 

 

This report presents detailed architectural design only for the first phase of the project. When the later 

phases of the project are ready to be built, EMI is available to design those additional facilities.  An 

additional trip(s) to the site will probably be needed in order to involve new design team members, and to 

understand the needs for the additional facilities.  To allow ample time to design those additional facilities, 

the ministry should contact the EMI office at least 6 months prior to the desired EMI design team visit. 
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2 SITE AND GEOTECHNICAL EVALUATION 

2.1 Site Evaluation 

The 25 hectare site is located along Highway 1 at PK 27.  

This highway is the main highway running to inland Gabon 

from Libreville.  PK 27 refers to public kilometer 27; or a 

location 27 kilometers from the city center (this is a 

common way of designating a location along highway 1 

outside of Libreville). 

 

While PK 27 is currently well outside the city of Libreville, 

the city is in the midst of developing several projects that 

will force the city to grow in that direction.  Currently a new 

major industrial zone is being constructed near PK 25 (or 2 

kilometers closer to the current city center).  There are plans to build a new international airport at PK 70 in 

the next 10 years as well as plans to build a new government center are being made for PK 15. 

 

The site is rectangular in shape with the north and south side being longer than the east and west sides.  

There is a significant hill on the south side, east of the center of the property.  There are two ocean inlets 

that reach near the edge of the property – one near the northwest corner and one near the northeast 

corner.  The site slopes from the significant hill on the south side toward the northeast corner to one side 

and west property line to the other. 

 

A main electrical distribution line runs along the southern boundary of the property.  This includes an 

approximate 30m wide right-of-way providing for the support structure locations.  The right-of-way is nearly 

cleared, at least of high growth trees and vegetation, and provides rather clear views along the property 

perimeter. 

 

There is currently no vehicular access to the site, but there is a road right–of –way to the southeast corner of 

the property from Highway 1.  The existing right of way is an abandoned road that was previously used for 

logging.  The road is in fairly good shape and would only need to have a culvert installed at a small stream to 

be usable.  There is also the possibility of obtaining a road right of way by purchasing access through other 

properties that are between Highway 1 and the COSAC land.   

 

At the time of the EMI visit, most of the site was dense jungle with a small portion of the site being used by 

people from nearby villages as small family farms – growing manioc or cassava, pineapple, and other 

common garden plants.  The farm land is typically used for two to three years before the farm is moved and 

the previous land is allowed to rest. 

 

2.2 Deed 

In April 2011, a government surveyor located 4 property corners using a hand held GPS and supervised the 

installation of concrete property posts by COSAC.  Once installed, the property corners became the extent of 

the property.  The concrete monuments are readily visible, often protruding up to 1m above the ground, 

and served as starting points for the second survey team. 

 

COSAC Site at PK 27 
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2.3 EMI Survey 

   
 

The survey team for this eMi team furthered the investigation completed by the previous team’s site visit, 

which was primarily a boundary survey confirmation due to the dense jungle vegetation.  The latter survey 

team utilized a majority of the control point established by the prior team along the eastern half of the site.  

Though a significant area had been cleared in the southeast section of the site prior to the team’s arrival, the 

dense vegetation remained throughout and presented broad challenges to the speed and accuracy for this 

second survey team.  As the week progressed, additional laborers were hired to cut 2m wide paths, more 

like tunnels, across the site, enabling “sectional survey cuts” to be located along multiple traverses. 

 

Overall, the eastern half of the site is heavily wooded jungle with significant grades.  The surveyor did not 

have time to visit the western half of the project.  Visibility in most areas where the survey was extended 

was limited to cleared lines.  Regardless of gaps and inaccuracies in the data, the survey did identify several 

major topographic features in the eastern portion of the PK27 site - most notably the two ravines that join 

into a small stream in the northeasterly quadrant of the site.  The total elevation change across the property 

is 44 meters.  The highpoint is located on the south property line at the significant hill, east of the center of 

the property line.  The low point is located along the west property line.  Additionally the cross section 

running north from said high point provides at least a basic knowledge of grades down to the ravines.  Be 

aware that any design based on this information will almost certainly require field adjustment. 

 

The survey data collected and resultant contour map are inadequate for detailed design.  Based on ties 

between existing control points, one could conclude that any given control point should have a 3 

dimensional accuracy of better than 1 meter.  However any user of this data should be aware that several 

open ended traverses/side shots are included in the point data – and that wide gaps exist where no data 

was collected.  It is impossible to make an accurate estimation of the accuracy of contours in these areas. 

 

Similar to the previous survey, the survey was computed with metric unit data.  The survey was conducted 

with a Topcon GTS-312 Electronic Total Station.  Data was recorded utilizing an HP48-GX with SMI DCE V6 

Data Collection program installed.  Data management and drafting were accomplished with Carlson Survey 

2012 running in the ACAD 2012 platform. 

 

Additional information is included in the Surveyor’s Report in Appendix A. 
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3 MASTER PLAN DESIGN 

3.1 Program Requirements 

The vision of COSAC is an outreach of the national CMA (Christian Missionary Alliance) church as a Social Medical 

Outreach Center, bringing abundant life to those in need.  Each ministry works together to meet the physical and 

spiritual needs within the region around Libreville.  The Master Plan for the 65 acre COSAC site involved determining 

land use and locations for the seven different ministries that will be based on the site at PK 27 to assist local people on 

all levels of need.  The elements of each ministry and its program requirements are listed below. 

Master Plan Program Elements: 

� OSPAC – Medical clinic is to serve about 120 patients per day in Phase 1a. Ultimately, an adjacent hospital is 

to accommodate surgery, radiology, laboratory, emergency room, maternity, and bed units. 

� COSAC – Administration offices and guesthouse is to administrate the entire campus operation. Ultimately, 

it is to manage a small commercial area, a community soccer field, a chapel for joint campus use, and 

agricultural/aquaculture/livestock areas for economic sustainability. 

� RBC – An eye/dental/prosthetic clinic is to serve about 80 patients per day in Phase 1a. Ultimately, it will 

work with the hospital to expand its service area. 

� EAC – Five schools are to be operated on-site:  pre-primary, primary, secondary, vocational, and teachers 

college/university. Housing, cafeteria, recreation, and library is to be provided for students and staff. 

� Hope House – 10 homes in a village setting will provide for 100 orphans and 20 adults.  Provide a centralized 

meeting space for eating 5 days per week.   

� Good Samaritan – Housing and occupational opportunities for 100 widows and elders and a meeting space 

and outdoor gathering space. 

� LAC – A print shop for printing and binding books; large warehouse to store books.  Provide community 

reading room for literacy classes and office space for teaching and translating. 

� Aviation Medical – Flights to regional medical facilities, along with additional servicing flights, utilizing an 

airstrip 50m wide (including buffer) and at least 600m long.  Airplane hangar required for the storage of 

multiple airplanes, maintenance equipment along with a fuel storage depot. 

� Airstrip and Maintenance – Storage and Workshop facilities. 

� Housing – Each ministry is provided with housing as requested. 

 

Each of these ministries is currently operating independently in Libreville with great success. It is the hope of 

COSAC and EMI that these multi-focus ministries will operate together on a single site with improved 

efficiencies and an exciting synergy of purpose not previously experienced. 
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3.2 Design Rationale 

As noted in this report, a prior EMI team of professionals began the process of planning and design on this 

PK27 site (eMi project #5542).  Because the jungle was thick and the task was great, limited surveying and 

design was accomplished; but good planning goals and construction strategies were established.  The end 

result of that planning effort was a site master plan placing major ministry functions in certain site areas, 

based on frequency of access, service considerations, limitations of terrain, and privacy of residents.  These 

concepts have been re-evaluated and re-affirmed as the basis of our planning effort in the subsequent trip 

associated with this project report. 

 

The full site Master Plan (Drawing MP-2) integrates the potential ultimate build-out for the entire 65-acre 

site with regard to each of the programmed ministry functions.  This plan is illustrated below. 

 
The site entrance is proposed in the southeast corner; this is to be the public entry. A second (future) 

entrance is planned for the southwest corner of the site; this is to be the private entry, primarily used by 

staff and service providers.  

 

As in the previous plan, the Chapel is the ultimate focus for site visitors, symbolizing the importance of 

Christ and the Church in the layout of the entire campus.  It is to be used for large lectures, assemblies, 

special events, and graduations.  The auditorium is to be the counterpoint and focus of the COSAC 

Administration building at the campus entry, which includes administration offices and guesthouse (phase 

1b), and is designed to provide a gateway to the campus garden and a framed view of the chapel. 

 

The OSPAC/RBC medical/eye/dental clinic (phase 1a) is to the right (east of COSAC) and is to be the most 

accessed public building.  The layout allows for future expansion of both ministries.  Ministering to people’s 

physical needs is important and is consistent with COSAC’s desire to serve them in a loving and caring way.  

Parking and public toilets are adjacent the clinic.  

 

Educational buildings are grouped on the left (west of COSAC) and are located with the Pre-primary school 

closest the campus entry so that older siblings can walk with them to school and then continue on to their 

own higher level school. The Teachers College is located between the schools, as they would be student-

teaching in all of the schools. The Cafeteria, Library, and Chapel are centrally located so they can be easily 

accessed by students of all schools. The Secondary School is farthest into the site and adjacent the soccer 



8 | P a g e  

 

 
EMI 5552  PK27 - Center for Social Outreach (COSAC)  August 2012 

field, a recreational necessity. The Vocational School is located away from other schools because of created 

noise and access to power tools commonly used in maintenance and aviation facilities. 

 

A maintenance area is created by enclosed fence (for safety and security) at the northeast corner of the site. 

It confines the Aviation Hanger, LAC Warehouse, Maintenance/Trash Collection, and the Vocational School. 

The Aviation Medical Airstrip may have to be fenced or separated by landscaping for safety reasons. 

 

Residential ministries- Good Samaritan, Hope House, and Staff Housing- are located on the west side of the 

site and over the hill, making them more private, and allowing accessibility from the future southwest entry. 

Hope House is placed further up the hill because of youthful vigor, and Good Samaritan is placed at a lower 

level to make life easier on older bodies. 

 

Future Aviation facilities, Agriculture, Aquaculture, and Livestock are to be located at the northwest corner 

of the site. Predominant southeast winds should therefore move odors away from residential areas. 

Agriculture is located close to Good Samaritan, because residents are to assist in cultivation and harvesting. 

Garbage sorting and storage is located in this area because of composting, recycling, and re-conditioning 

(see other sections of this report for detailed information). 

 

The site high point is located midway on the south property line. If water storage is necessary, this location 

would provide good pressure. A prayer “tower” and cross would be visible from the main highway for long 

distance, and would be a good campus symbol. A cemetery is shown high on the hill and near the cross. 

 

A projected Building Occupancy space chart is provided in Appendix B. 

 

While the overall Master Plan reflects the ultimate goal of COSAC, it may take twenty or more years to 

achieve.  Because of this, an intermediate plan, shown as the Intermediate Master Plan (Drawing MP-1), has 

been proposed. This plan provides for all ministries to create an identity and a presence on-site, while 

preparing for a larger and more developed plan at a later date. 

 

Intermediate Master Plan 
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Education is located to the south, and shows a small commercial area and an educational array of Pre-

Primary School, Primary School, Secondary School and Teachers College. These four schools must be 

designed as ultimate Primary and Pre-Primary Schools, but in the short term, will be shared by the 

Secondary and Teachers College. This works architecturally and structurally, because the classroom size is 

similar for all classrooms, about 7 x 9 meters. All wings are to be single-loaded with outdoor corridors and 

natural ventilation using louvered openings both sides of each room. This standard classroom is to hold 

approximately 60 students for Primary/Pre-Primary, 50 students for Secondary, and 30-40 students for 

Teachers College, depending on the specific subject (lecture, interactive classroom, or science laboratory). In 

the ultimate Master Plan, a new facility is to be constructed for Secondary and Teachers College, and those 

Schools are to relocate, with Primary and Pre-Primary expanding in size. 

 

Medical is located to the north (or the right in Exhibit 16), and shows OSPAC Medical Clinic and RBC 

Eye/Dental Clinic (Phase 1 buildings). Good Samaritan- Senior Housing- and Hope House- Orphanage are to 

be located here in the short term and must be designed as a future Hospital. This works architecturally and 

structurally, because living-sleeping rooms of Good Samaritan and dormitory rooms of Hope House are to be 

sized to match patient bed rooms of the future Hospital. As both housing units grow and the need for a 

Hospital increases, new facilities for Good Samaritan and Hope House on the west side of the campus near 

the agricultural area and the hill area. When constructed, a new Hospital is to be created, renovating the 

housing areas as patient rooms, and transitioning common rooms for dining and recreation into reception, 

surgery, radiology, labs, and emergency spaces. 

 

A Chapel/Auditorium is to be the counterpoint and focus of the gateway COSAC Administration building at 

the campus entry. It is to be used for large lectures, assemblies, special events, and graduations. 

 

A Service compound is to be constructed north of the Hospital for Vocational School, Maintenance, and 

Construction/Staging areas. This area is to be surrounded by a wall or fence for safety and security. 

 

The Master Plan- 

Phase 2 is shown in 

site plan view and 

as an aerial sketch. 

It shows COSAC 

Administration and 

Guesthouse as a 

gateway to the 

future campus, 

framing a view 

through the arched 

opening to the 

garden quadrangle 

and the future 

Chapel. 
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In order to develop the first building, the medical clinic integrating OSPAC and RBC ministries, basic 

relationship diagrams were developed through our programming sessions with the ministries.  These 

diagrams are indicated below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The fundamental design element for 

the clinic design is the multi-purpose 

covered waiting area that serves each 

program function.  Wide open, it 

allows for multiple seating 

configurations, including a potential 

location for a new local church.  Sit-

down check-ins are provided at each 

side, as well as a pharmacy window 

and a small counter for community 

health and strategic cooking classes.  

The space is well ventilated for 

breezes flowing through along with 

clear focus out to the campus garden. 

 

The OSPAC clinic includes several triage/vitals receiving areas, two exam rooms and a larger procedure 

room.  A pharmacy and small servicing lab are integrated.  While a multi-bed observation/holding room is 

also attached.  The RBC side includes a vision clinic, dental clinic, and designed access for a future 

prosthetics wing.  Each of the clinics include two exam rooms, with a larger procedure or glass-fitting room, 

as well as associated labs. 

 

The buildings are designed for optimal passive ventilation, with minimal dependence on wall A/C units to 

avoid extreme electrical demand.  Windows with insect screens are spaced throughout the facility, along 

with two large overhead cupola features with upper air louvers for higher air flow and relieve heat gain.
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Several renderings have been generated to illustrate the design of the new medical clinic. 

 

 
View from the south toward the front entrance 

 

 
View from the north from Campus Garden 

 

 
View within covered waiting open area 
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4 STRUCTURAL 

4.1 Structural Summary 

To gain a better understanding of conventional construction methods in the area, the team visited two 

construction sites in Libreville, a secondary school and a church. These visits, combined with interviews with 

local building contractors and engineers, form the basis for the proposed structural systems presented in 

this report and subsequent drawings. 
 

The city of Libreville does not require compliance with any standard for design construction. EMI however, is 

obligated to comply with reasonable standards for life safety in its design. For that reason, the structural 

design of this project, including lateral forces resulting from probable earthquakes, is in reasonable 

compliance with the intent of the life safety provisions of the 2005 edition of the Canadian National Building 

Code (CNBC). 
 

Common construction materials in the area include locally made concrete block walls, reinforced concrete 

beams, columns and slabs, wood or steel roof trusses with purlins and corrugated metal roofing. 

Conventional methods of construction include concrete moment frames with infill masonry walls and 

confined masonry construction. The latter is recommended for this project due to its improved performance 

with respect to seismic loading conditions. 
 

4.2 Design Loads and Seismic Conditions 

The floor and roof loads considered on this project comply with the design provisions of the 2005 CNBC. 

They are summarized below: 

 

Table 5.1 - Live Loads 

 

 

 

 

 

 

 

 

The Global Seismic Hazard Map (Figure 1) produced by the 

Global Seismic Hazard Assessment Program (GSHAP) was 

used to determine seismic loads for this project 

(http://www.seismo.ethz.ch/static/GSHAP/). The GSHAP was 

launched in 1992 by the International Lithosphere Program 

with the support of the International Council of Scientific 

Unions, and endorsed as a demonstration program in the 

framework of the United Nations International Decade for 

Natural Disaster Reduction.   The map shows peak ground accelerations (PGA) of up to 1.6m/s2 with a 10% 

probability of being exceeded once every 50 years. To determine the lateral seismic loads, spectral response 

accelerations from a comparable region in Canada were used in conjunction with the CNBC provisions for 

calculating seismic loads. Specifically, spectral response accelerations of 0.43g and 0.36g were used for 

Sa(0.2) and Sa(0.5), respectively. 

Location Load 

Medical Clinic (OSPAC/RBC) 480 kg/m2 (100 psf) 

Corridors, Stairs, Balconies 480 kg/m2 (100 psf) 

1st Floor Offices 480 kg/m2 (100 psf) 

2nd Floor Offices 240 kg/m2 (50 psf) 

Bedrooms, Bathrooms 240 kg/m2 (50 psf) 

Roof 100 kg/m2 (20 psf) 

Figure 1. Global Seismic Hazard Map 
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4.3 Material Strengths 

Material strengths have been assumed, researched during local construction site visits, or provided by local 

engineers. They are summarized in the table below: 

 

Table 5.2 – Material Strengths 

Concrete 28 Day Strength 20 MPa (3000 psi) 

Reinforcing Steel Yield Strength 400 MPa (58,000 psi) 

Structural Framing Steel 350 MPa (50,000 psi) 

Unit masonry and mortar 10 MPa (1450 psi) 

Allowable Soil Bearing Pressure 70 kPa (1460 psf) 

 

Material and load safety factors have been applied in accordance with the philosophy of Limit States design 

using the following codes: CNBC for loading, CSA 23.3 for concrete and reinforcing bars, CSA S301.4 for 

masonry, and CSA S16 for steel framing. 

 

4.4 Proposed Foundation System 

The foundation system consists of reinforced concrete pad footings for columns and continuous reinforced 

concrete strip footings under walls. All footings shall be founded on uniform undisturbed soil at a minimum 

depth of one meter. The ground floor is a 10cm (4”) thick concrete slab cast on the ground and reinforced 

with nominal reinforcing as noted on the plans. It was noted by a local engineer that a geotechnical 

evaluation to determine the soil bearing capacity is typically only performed for buildings greater than 2 

stories. 

 

4.5 Proposed Wall System 

The wall system employed will be confined masonry. This consists of 

concrete block walls which are "confined" by reinforced concrete tie-

columns and tie-beams placed after the concrete block walls are 

erected. These confined walls will provide vertical support to the roof 

system and lateral support for the structure. This method of 

construction is prevalent in the area and offers improved seismic 

resistance to conventional concrete moment frame construction with 

infill walls.  

 

4.6 Proposed Roof System 

The roof system will consist of corrugated steel or aluminum roofing 

fastened to light steel angle purlins which are supported on steel 

trusses. The trusses are fabricated from steel angles and can be 

manufactured off site. 

 
Figure 2. Typical confined masonry 
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5 DRAINAGE AND GRADING 

5.1 Existing Drainage 

Site visits were conducted between February 25th through March 4th, 2012. This time is during the “rainy 

season” in Gabon, which typically lasts from October to May. The equatorial climate is usually hot year-

round with high level humidity.  The team experienced numerous rainfalls of varying intensity at different 

times within the 24-hour period.  

 

The site is highly vegetated, with water visibly either running off into the on-sire streams and abutting ocean 

inlets via drainage paths in the foothills or infiltrates directly into the ground. The soil is highly conducive to 

direct seepage, as minimal ponding was observed, even following heavy rainfall.  No distinct pre-constructed 

drainage paths were observed, other than natural drainage flows, and little to no evidence of obvious 

ponding on site. The site has varying degrees of slope across the site, from undulating hills to steep grades.  

The general slope of the land ranges from 3-10%, with upward of 15% or more at the steeper sections.  

 

5.2 Proposed Building Grading 

The native material appears to be acceptable for reuse as structural fill.  Development would require 

removing the existing vegetation and the upper 12 inches of organic material. This material can either be 

stockpiled for reuse as non-structural fill (planting material) or hauled to another part of the property away 

from the development. The remaining material should be reviewed for general consistency; rocks larger 

than 6 inches and large quantities of fine sands, silts or clays should be discarded.   

 

The likely option for providing a level surface for building(s) is to cut into the slope for half the width and 

filling the slope for the other half the width so that the center of the building is flush with the existing grade 

(1 meter cut and 1 meter full at the farthest edge for a 5:1 slope and a building width of 10 meters).  It will 

be most efficient to layout structures and waste water disposal systems (subsurface absorption 

trenches/septic fields) along the slope so that cuts and fills are not more extreme on one end than the other 

and so that cuts and fills can be easily balanced. 

 

Structural fill material would need to be graded and compacted to support the proposed development.  

Areas where fill is required should be placed and compacted in 12-inch loose lifts. Compaction for all soils 

should be verified by driving a loaded dump truck 8 times over the cut or fill areas before the next layer is 

deposited. This would prevent uneven settling from occurring after the fill is placed, creating foundation 

problems for the buildings. Areas where the soil pumps should be over-excavated and re-compacted until no 

pumping is observed. 

 

Should there be fill area, the material should be angular rocks of a nominal 20-cm (8-inch) diameter (30-cm 

maximum diameter), with smaller rocks/gravel in the gaps between the larger rocks. This gap material 

should not include any soils with significant amounts of silt or clay, which could increase consolidation or 

could expand when wet and contract when dry, causing settlement problems. 

 

Proposed grading is determined for the first phase of this development, as indicated on sheet C-4. 

Approximately 2  acres will likely be graded for roadways, building(s) and drainage control. Given the 

undulating terrain, it is anticipated that grading for the building pad will be primarily cutting, versus filling. 
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The proposed finished floor of the Medical Clinic will be at 998.5m with relation to grades indicated on the 

survey and proposed initial phase civil plan, sheet C-4.  Existing topography will naturally slope away from 

this building towards the north, east and west.  Grades from the south (campus garden) side will be re-

contoured to prevent runoff from damaging the structures.  Parking areas and access drives will be graded 

into the site as indicated on the proposed grading plan.  

 

5.3 Proposed Drainage 

The general concept for grading and drainage is to divert storm water around clusters of buildings, housing, 

school buildings, etc. to vegetative infiltration areas, consisting of areas of dense vegetation.  Subtle grading 

could be used to create a more shallow slope, or to direct water to a common “exit” as opposed to sheet 

flow through the vegetated patch.  From this common exit it could be channeled to the lower valley areas. 

 

It is recommended that the final graded surface be sloped at a gradient of approximately 2 percent (2m 

vertical per 100m horizontal) away from the buildings to provide surface drainage away from the buildings. 

Storm water runoff from areas upstream of the building should be routed around the building to the 

northwest towards the proposed drive.  Such storm water could be conveyed around buildings, as 

necessary, via planters that are embedded in retaining walls, swales and concrete/clay runnels as used in 

regional Gabon.  Swales or ditches convey runoff through the site to prevent flooding, and should be 

vegetated with a depression which will allow storm water to temporarily pond while it infiltrates into the 

soil.  The collected water will then be directed to “vegetated infiltration” areas. 

 

Runnels (paved, exposed trenches) similar to those used throughout Gabon, may also be used as a safety 

net to convey any additional storm water around from the backside of the buildings. Runnels are not the 

most desirable solution since the water velocity would minimize infiltration; however, they may be 

necessary for peak rainfall events.   

 

Storm water should be routed around all proposed site features, including the septic system and well head.  

Sufficient separation between storm water infiltration areas and wastewater septic fields is required so that 

storm water does not flood septic fields and sewage does not seep into storm water infiltration areas or 

conveyance structures. 

 

Runoff from the proposed building(s) is to be routed through downspouts and conveyed away on grade or 

into designed conveyance systems. 
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6 POTABLE WATER SYSTEM 

 

6.1 Executive Summary 

This report addresses several critical needs of the COSAC/E4 Project including water needs, wastewater 

disposal, storm water, garbage, a cemetery, and the possible development of the west end of the area to 

provide a source of food. The water and wastewater sections contain two separate recommendations; one 

that addresses the needs for Phase I and a second that attempts to estimate these needs as the project 

expands towards full build-out. 

 

 

6.2  Assessment of Anticipated Water Demands 

Phase I Water Demand 

I have assumed average daily water usage to be 10 L/(per) day. This is greater than the 2.5 L/d I used in my 

previous experiences in Ethiopia, but considerably less than the 40 to 60 L/d (10 to 15 gal/d) suggested in 

eMi’s first report. My justification for the 10 L/d is based on the proposed transition from waterless privies 

to partially functioning flush toilets. 

 

Based on input from the client, I am assuming that there will be a total of seven toilets, one of which will be 

outdoors and service the waiting patients and requires no water. The other six toilets will be Gabon-type 

indoor restrooms with simple flush toilets using up to 400 L/d for a total toilet water demand of 2,400 L/d. 

 

The client also wants up to 8 exam rooms, each with running water to a sink. I assume the daily use by each 

sink to be 20 L/d for a total sink water demand of 160 L/d; say 200 L/d for design purposes. 

 

This yields a total Phase I water demand of 2,600 L/d (2.6 m3/d). 

 

Full Build-Out Water Demand  

Based on the projected population numbers given in the Project’s first report and listening to the desires of 

the COSAC subgroups, I am willing to estimate a full built-out population for the site of between 3000 and 

5000 persons. Those living in Hope House and Good Samaritan will most likely live on site continuously 

(24/7/365). Patients coming to OSPAC and RBC and some of the school children will most likely be part-day 

users. 

 

Using the 5,000 population and the 10 L/d yields a daily water demand of 50,000 L/d or 50 m3/d. 

 

6.3 Assessment of Potential Water Sources 

There are three potential sources of water available to meet the Phase I water need: 

 

1. There are several small streams on the site that could be taped to meet this need. These streams are 

very small and spring-fed and may have limited or no flow during the summer dry season. I think you 

need something more reliable.  I do not recommend using these streams as the primary water supply. 
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2. The most reliable water source is to tap 

into to regional distribution pipeline 

located about 3 km west of the property 

(see Figure 3). This pipeline has a pressure 

of about 5 atmospheres (75 psi). If we 

bring a 100-mm pipe to the edge of the 

property, the cost (in 2012 money) would 

be about 40,000,000 francs ($80,000). The 

100-mm pipe (4-inch) would be able to 

provide up to 600 L/min; more than 

enough capacity for the full built-out 

project. I am confident that a 75-mm pipe 

(3-inch), with a capacity of about 300 

L/min, would be sufficient to service the total project with plenty of capacity to spare. If the pipe was 

reduced to 50-mm (2-inch) the capacity would be about 100 L/min, which I believe would be sufficient 

for the project, but there would not be much extra for additions not-considered at this point. If COSAC 

purchased the pipe for the utility to install, the cost would be reduced some. Using the smaller pipe will 

also reduce the cost. This option is by far the best available water source, but finding the funds to install 

this option for Phase I may be very difficult. If the funds are available, I recommend this option. 

 

3. Because of the springs that feed several on-

site streams, it may be possible to dig a 

hand-dug well near the SE corner of the 

property that would have the capacity to 

supply the daily water need of 2.6 m3 (see 

Figure 4). If this option is developed, I 

recommend the well be located at least 30 

m from the nearest stream. It should be 

hand dug with vertical sides with a diameter 

of 2 m and to a depth that is at least 1.0-m 

below the watertable (best if dug during the 

dry season). In other words, when digging is 

complete there should be at least 1 m of 

water standing in the well. This will provide 

storage in the well for about 3 m3 of water; 

more than the 2.6 m3 volume of water 

needed each day. Line the well wall with concrete blocks leaving large, non-mortared spaces between 

the blocks from the well bottom to the soil surface. Place a pre-formed concrete cap over the well 

opening making sure the cap extends at least a half meter beyond the edges of the well opening; the 

cap should be circular with a diameter of 3 m. Before placing the cap over the well, dig a 0.33-m deep by 

0.15-m wide trench around the well at the location that will be the edge of the cap. Before placing the 

cap, over-fill the small trench with concrete then place the cap over the well while the concrete in the 

small trench is still wet. The cap should bond to the concrete in the small trench forming a water proof 

seal that will keep all surface runoff water out of the well. Place a pump in the well.  Pump 

requirements: A 0.25 kw (flow rate = 2 L/min; head = 20 m) submersible pump with a small pressure 

tank should supply the water needed by Phase I. Once the pump is ready, dump 4 L of Chlorox into the 

well, let it set 24 hours, then pump the well for 18 hours before starting to use the water. 

Figure 3. Scheme to connect to Public Water. 

Figure 4. Possible location of Phase 1 hand-dug well. 
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6.4 Recommendations for Water System 

This design is based on the assumption that during any 24-hr period, at least 3 m3 of groundwater will flow 

by gravity into and be stored in the well. Most of this water will be used during the daylight hours; less at 

night. The water level in the well will be pumped down during the day, but will be restored over night. 

 

Full Build-out Water Supply 

Depending on the first hand-dug well’s ability to keep up with the Phase I water demand, it may be possible 

to add additional wells to the site to meet the full build-out water demand. If the well is dug for Phase I, 

someone needs to pay attention to the water level in the well and how it changes from day-to-day, week-to-

week, and month-to-month, especially including the dry season. If the well’s water supply is sustainable, 

especially during the dry season, this would be very encouraging and would support digging additional wells 

on the project site to provide water as the need increases. 

 

If the single hand-dug well is reliable during Phase I, up to 17 additional wells might be needed as the 

various components of the later Phases are built, occupied, and put into service. These wells can be dug and 

brought on-line as they are needed. 

 

Well Locations 

Wells need to be located in the higher elevation areas of the various small watersheds on the project while 

disposing of the wastewater at lower elevations. Possible hand-dug well locations are indicated on Figure 5. 

 

 
Figure 5. Possible locations of 17 additional hand-dug wells. 

 

Final note: If the hand-dug wells prove to be reliable, it may be possible for the PK27 project never to 

connect to the regional distribution pipeline resulting in considerable savings to the site development. 
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7 WASTE WATER / DISPOSAL / PRODUCTION 

7.1 Current wastewater systems 

If the site is expected to utilize 2.6 m3/d of water, they should plan to dispose of 2.6 m3/d of wastewater. 

This is a slight over-design, but appropriately conservative.  

 

Gabonese solid waste disposal is 

typically through privies. A privy is 

nothing but a small hole in the ground 

into which the human waste is 

directly deposed from above. The 

liquid infiltrates into the local soil and 

is recycled. The solids decompose and 

slowly seep away and are recycled. I 

assume these privy-type toilets will 

continue to be widely utilized, 

especially in rural villages and similar 

areas. A critical consideration for 

locating a privy is to make sure it is at 

least 30 m downslope of the water 

supply. In this case downslope means 

that the privy should be physically 

below (lower elevation) the water 

supply (possibly a well), but it should be 

below the water supply when looking at the local watertable. Water flows downhill and the wastewater 

from the privy should be flowing, through the soil away from the water supply. Figure 6 shows a possible 

location for the privy planned for use by family and patients coming to the OSPAC or RBC clinics. 

 

In areas with flush toilets, kitchens, and running water, the wastewater produced by these facilities is much 

more dilute and should be directed to a septic system.  The engineering sketch shown in Figure 7 represents 

what was learned about typical septic systems in Gabon. These so-called septic systems consist of an 

Equalization Tank that receives the wastewater from the facility. The wastewater then flows into a dual-

chamber Septic Tank of unspecified size. The effluent from the septic tank flows to a Filter Tank where the 

wastewater is filtered as it flows through three layers; first a layer of gravel, then a layer of charcoal 

(carbon), and finally a layer of sand. After the wastewater leaves the Filter Tank, it typically flows into a pit 

or Distribution Tank cut into the soil that has pervious bottom and sides. The purpose of the Distribution 

Tank is to let the treated wastewater infiltrate into the soil for final disposal. 

 

After considerable discussion with several technically competent and responsible people and given the 

opportunity to view an existing septic system, I came to fully understand the typical dimensions and intent 

of the system shown in Figure 7 where at one home the entire series of tanks shown in Figure 5 was located 

in a 2.5- by 3-m area.  

 

This leads me to recommend several changes in how Gabon views and uses Septic Systems. It must be 

remembered that my intent and goal is to help the people of Gabon improve the quality of wastewater 

discharged to the environment. 

Figure 6. Possible privy location. 
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Brief description of how wastewater is treated in a septic system. 

A septic system is a two-stage treatment system that is designed to remove or decompose a substantial 

amount of Biological Oxygen Demand (a measure of the carbon) in the wastewater. First the wastewater 

enters the septic tank where it receives what is called primary treatment. Primary treatment is simply 

gravitational settling. The heavy particles (feces, etc.) settle to the bottom of a tank and the lighter particles 

(grease, hair, etc.) float to the surface creating scum layer. The septic tank is usually sized so the wastewater 

resides in the septic tank for at least two days. During these two days, the settling occurs, but equally 

important is that during these two days of residence in the septic tank, the anaerobic bacteria (bacteria that 

thrive in an oxygen-free environment) in the septic tank begin to consume  and use the carbon as their 

energy source. This is a nice way of saying that the bacteria begin to breakdown the waste in to simpler 

carbon molecules. 

 

After at least two days in the septic tank, the liquid portion of the wastewater leaves the septic tank and is 

supposed to be placed in contact with the soil so the wastewater can be absorbed into the soil. As the 

wastewater enters the soil it is filtered keeping any remaining particulates at the soil surface. Properly sited, 

the soil that receives the septic tank effluent should be deep and well drained. This is another way of saying 

the soil should be aerobic (an aerobic soil has many aerobic bacteria that thrive in an oxygen- rich 

environment). As the wastewater slowly percolates downward through at least 1.0 m of aerobic soil, any 

carbon compounds remaining in the wastewater are broken down by the aerobes in the soil and turned into 

harmless carbon dioxide and water. Typically all that remains after the soil has treated the wastewater are a 

few nutrients; mostly nitrate nitrogen, which is a plant fertilizer that helps crops grow. 

 

Between the anaerobic treatment that occurs in the septic tank and the aerobic treatment that occurs in the 

soil, the wastewater is fully treated, though rarely considered to be stream discharge or drinking water 

quality. 
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7.2 Suggestions for Improving Current Septic Systems  

The Gabonese septic system, shown in Figure 7, could be simplified and greatly improved by making the 

following changes and improvements: 

 

1. No longer utilize Distribution Tanks, as they do not serve a purpose. Pipe the wastewater directly into 

the septic tank. 

2. No tank sizes were given for the septic tanks used. To service a wastewater stream that produces 2.5 m3 

of wastewater each day, the septic tank should have a volume of at least 5.0 m3. A septic tank of this 

size will most likely provide good treatment for the Phase I OSPAC and RBC medical facilities. 

3. No longer include the Filter Tank. Any filter requires regular maintenance. A wastewater sand filter 

should be opened and cleaned every 6 months for cleaning. In addition, to be continuously functional, 

the charcoal carbon filter layer in the Filter Tank requires replacement every 6 months. The Filter Tank 

as it was described to me is not sustainable, and since the laterite soils are deep, well drained, and 

permeable the soil will provide all of the treatment expected in the Filter Tank; and more producing a 

higher quality effluent. 

4. Finally, the soil surface area onto which the septic tank effluent is applied must be enlarged. For a soil 

that has a permeability of 25 to 50 mm/hr, an absorption area of 50 m2/m3/d is needed to adequately 

infiltrate and treat the wastewater stream. In the case of Phase I wastewater flow of 2.6 m3/d, the 

required soil absorption area needed is (50 m2/m3/d x 2.6 m3/d =) 130m2. There are two physical 

configurations that can be conveniently used to accept the septic tank effluent into the soil. The most 

common is a seepage bed, which is nothing more than a rectangular area excavated to a depth of 0.67 

m with a level bottom. To create the required 130-m2 absorption area, a length of 19 m and a width of 7 

m will work well (7x19=133). Other rectangular configurations would work as well. The bed should be 3 

to 4 times longer than it is wide. The level bed-bottom should be covered with 0.16 m of gravel, then 

perforated pipes spaced 1.0 m apart are laid on top of the gravel, see Figure 6. Each pipe should be level 

and run the full length of the bed. These distribution pipes will distribute the septic tank effluent 

somewhat uniformly into the gravel, which will apply the wastewater onto the soil where it can infiltrate 

and be treated by the soil. To finish the seepage bed, an additional 0.16m of gravel is placed over the 

pipes and covered with a single layer of geotextile (or building paper) then the area is covered with 

0.33m of excavated soil and planted to grass. The finished bed should look like Figure 9. 

                   
Figure 8. Typical seepage bed absorption area.    Figure 9. Vertical cross-section in a seepage bed. 
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If a rectangular seepage bed is 

not convenient, the absorption 

area can be obtained by digging 

several parallel 1.0m- wide 

trenches, each 0.67 m deep and 

level (end-to-end and left-to-

right). A depth of 0.16 m of gravel 

is placed on the trench bottom 

followed by one perforated pipe 

and 0.16 m of gravel. The 

geotextile/ building paper layer is 

placed over the gravel and the 

trench backfilled with 0.33 m of 

soil and seeded to grass, see 

Figure 10. 

 

 

7.3 Soil Suitability 

The soils at the PK27 site are laterite overlaying a fractured hard rocky material. The laterite, at least in the 

few areas we could sample, is about 13 cm of sandy loam topsoil (A Horizon). This A-horizon is dark and 

permeable and high in organic matter. Below the A horizon is nearly a meter of B horizon, which has higher 

clay content and is well drained. This soil is very good at supporting plant growth (look at the vegetation). It 

is also an excellent aerobic wastewater treatment medium. 

 

7.4 Recommendations for Sanitation Systems 

The single septic system for Phase I should to be located down slope of the surface and ground water on the 

site. Figure 11 shows a possible location for the Phase I septic system. 

 

 
Figure 11. Possible location for the Phase I septic system. 

 

Figure 10. Trench absorption system. 
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Full Build-out Septic System Locations 

As the site is developed beyond Phase I, the wastewater from the various facilities will need to be treated 

and disposed of in a number of various sized septic systems located on the site. Since septic systems can be 

enlarged to treat and dispose of larger quantities of wastewater, it is not possible to predict how many 

septic systems will be needed. Figure 12 shows several possible septic system locations that might be 

considered as the site is developed. 

 

 
Figure 12. Additional possible septic system locations. 

 

7.5 Storm Water 

The site has plenty of terrain and several small streams derived from local springs. As long as these small 

streams are left natural and maintained, storm water from the site should flow from the site to the sea 

without any major problems. That said it would be prudent to keep all permanent facilities above the high-

water marks on each of these streams. 

 

7.6 Garbage Disposal 

Garbage, or trash, will be generated on the campus. I find it very difficult to estimate the quantities of 

garbage expected on a daily, monthly or annual basis. However, we feel some provision should be made for 

proper disposal of the garbage generated. Garbage, or solid waste, is usually divided into two categories; 

Biodegradable and non-biodegradable wastes. I will discuss each of these below. 

 

Biodegradable Wastes 

Biodegradable waste includes any waste that will decompose when exposed to bacteria. Some examples of 

biodegradable wastes include: 

• Vegetation; grass, tree limbs, leaves 

• Food (table) scraps 

• Biodegradable plastic 

• Biological medical wastes 

• Vermin 
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Biodegradable waste should be placed on a pile were these wastes will biodegrade or compost. The pile of 

composting material should be confined with a simple fence. The composted material is a rich 

fertilizer and soil conditioner. At planting time, compost from the garbage area should be mixed into the 

tilled seedbeds as a source of fertilizer and soil conditioner.

 

Non-Biodegradable Wastes 

 

Non-Biodegradable waste includes any waste that w

examples of non-biodegradable wastes include:

• Metal 

• Plastic 

• Concrete 

• Some medical wastes 

• Large pieces of wood 

 

Waste that will not decompose quickly can best be disposed of by burial. This land filling p

excavating a hole, placing the waste in the hole, and covering the wastes. 

 

Figure 13.  Possible garbage disposal location

 

7.7 Cemetery 

COSAC has asked that we suggest a site 

for a cemetery.  Environmentally, 

cemeteries should be placed high and far 

away from low areas where water flows. 

One place for the cemetery might be a 20

by 40-m parcel on the west side of the 

highest hill, just down from the hill top, 

see Figure 14.      
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I think a small area of 15m by 50m will be 

sufficient for disposal of both 
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placed on the northwest portion of the 

site on the plantation near the airstrip, see 

Figure 13. 
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7.8 Agricultural Production / Plantation Area

The west side of the parcel rises from a mangrove area in the estuary swamp 3 to 5 m to an undulating 

higher plateau. After the site is completely developed, this higher area will make up 15 to 20

hectares (ha) site or 4 to 5 ha of land. 

 

Any or all of the crops grown in Gabon could be grown in this area. In addition to traditional crops of 

cassava, plantains and yams, we believe there is opportunity to grow (or introduce) additional food 

production activities. These might include:

1. Growing rice.  Rice needs plenty of water and hot sunny weather, which Gabon has. Rice is already 

being grown in the Congo, which is at the

part of Gabonese diets, growing rice could potentially reduce food costs.

2. A portion of the area could be used to grow chickens or other poultry.

3. If small areas could be excavated into impoundmen

fish (aquaculture) for protein production and business enterprise.

 

The area is probably too small to grow cattle.

  

Figure 15. Possible agricultural production / plantation area
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Agricultural Production / Plantation Area 

The west side of the parcel rises from a mangrove area in the estuary swamp 3 to 5 m to an undulating 

higher plateau. After the site is completely developed, this higher area will make up 15 to 20

of land.  We believe this area could and should be developed as a plantation. 

Any or all of the crops grown in Gabon could be grown in this area. In addition to traditional crops of 

, we believe there is opportunity to grow (or introduce) additional food 

production activities. These might include: 

Rice needs plenty of water and hot sunny weather, which Gabon has. Rice is already 

being grown in the Congo, which is at the same latitude, just east of here. Since rice is an important 

part of Gabonese diets, growing rice could potentially reduce food costs. 

A portion of the area could be used to grow chickens or other poultry. 

If small areas could be excavated into impoundments, there may also be an opportunity to produce 

fish (aquaculture) for protein production and business enterprise. 

The area is probably too small to grow cattle. 

  

agricultural production / plantation area  
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The west side of the parcel rises from a mangrove area in the estuary swamp 3 to 5 m to an undulating 

higher plateau. After the site is completely developed, this higher area will make up 15 to 20 % of the 25 

We believe this area could and should be developed as a plantation.  

Any or all of the crops grown in Gabon could be grown in this area. In addition to traditional crops of 

, we believe there is opportunity to grow (or introduce) additional food 

Rice needs plenty of water and hot sunny weather, which Gabon has. Rice is already 

same latitude, just east of here. Since rice is an important 

ts, there may also be an opportunity to produce 
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8 ELECTRICAL 

8.1 Existing Electrical 

The site currently has no electrical service; however, a 20 kV, three-phase distribution line runs adjacent to 

the property with a partially loaded 100 kVA transformer located nearby. A service drop from this existing 

transformer should be adequate to electrically supply the site during the early stages of development, but 

eventually request should be made to the electric utility to install a dedicated transformer with capacity to 

handle the anticipated site load. 

 

8.2 Proposed Electrical System 

The electrical master plan addresses electrical service to all anticipated buildings on the site architectural 

master plan although specific building designs are not yet determined at this master planning stage. Only 

space requirements to meet program objectives are defined at this time. 

 

Modest building illumination levels are specified in accordance with understood local practice. Living areas 

are generally illuminated with a power density of approximately 0.05 W/sm (0.5 W/sf) with assumption that 

table or floor lamps will be used to augment lighting, if needed. Illumination levels of approximately 0.1 

W/sm (1 W/sf) are provided for the medical areas, offices and classrooms. 

 

For those areas scheduled to be air conditioned, power densities of 0.3 W/sm (3 W/sf) are allotted. This 

results in about 350 Btu/h/sm (35 Btu/h/sf) which is adequate to cool and dehumidify for the prevailing 

climatic conditions. 

 

8.3 Complete Site Electrical Plan 

Appendix C (Electrical Loads) shows the complete load planning for the site electrical grid. When the 

planned site is completed, the predicted demand factor sized load is 202.3 kW (224.8 kVA @ 0.9 PF). Based 

on this projected load, request should be made to the electric utility to provide 225 kVA, 380/220 V service 

to the site in the future. 

 

Drawing E-7 presents a one-line diagram of the proposed site electrical system wherein cable sizes are 

specified and primary switch gear are identified. Until details of individual buildings are known, building 

power panels cannot yet be specified. Radial feeds for each major functional area are supplied through 

electrical disconnects located in the Main Power Room, providing a central point to selectively de-energize 

loads as a matter of convenience for purposes of maintenance or in the event of an emergency. The one-line 

diagram simply shows feeds to functional areas. As the site design progresses, it is envisioned that each 

functional feed will service a main power panel in one selected building of the area. Radial feeds from that 

power panel will supply subpanels in the balance of the functional area buildings. 

 

When electrical runs exceed 60 m (200 ft.) and the cables reach the rated ampacity, voltage drop will be 

greater than the accepted design standard of 4% and the cable losses become significant. Many runs for this 

site will exceed 60 m. Although transformers can be effectively used to overcome the voltage drop and cable 

loss concerns, it has been judged that oversized cables is the more practical and economical approach for 

the site. Consequently, the cable sizes specified for numerous cable runs in drawing C-4 have been sized 
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larger than necessary, based only on ampacity. Care should be taken to be sure that installing electricians 

adhere to the specified cable sizes. 

 

In addition to the Main Power House, three smaller power houses, fed from the Main Power House, are 

introduced to reduce the quantity of long buried cable runs. A metering arrangement is suggested to allow 

COSAC to determine the energy usage of the various functional group

 

Drawing E-7 suggests a viable plan for buried distribution cable routing for the grid proposed by the one

diagram. Driveway lighting, controlled by a disconnect

 

8.4 Phase 1 Electrical Plan 

The discussed Phase 1 plan for the site 

consists of the Small OSPAC/RBC Clinic 

and potential two Staff houses. From 

Appendix C, the projected maximum 

electrical demand is 18.7 kW (20.8 kVA @ 

0.9 PF). A demand factor of 50% is 

reasonable for this small load, especially 

since the use of the housing and the clinic 

should be mutually exclusive. A request 

should be made to the electric utility to 

provide a temporary 10 kVA, 220 V 

service to the site entering the Small 

Clinic. The houses will then be fed from a 

60 A main power panel in the Small Clinic. 

The temporary cable run to the houses 

should be no smaller than 70 mm2 

conductor to avoid voltage drop problems.

 

 

Figure 17.  Possible future phase electrical plan with 

upgraded transformer. 
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larger than necessary, based only on ampacity. Care should be taken to be sure that installing electricians 

 

e Main Power House, three smaller power houses, fed from the Main Power House, are 

introduced to reduce the quantity of long buried cable runs. A metering arrangement is suggested to allow 

COSAC to determine the energy usage of the various functional groups. 

suggests a viable plan for buried distribution cable routing for the grid proposed by the one

controlled by a disconnect in the Main Power Room, is specified on this drawing.

The discussed Phase 1 plan for the site 

Clinic 

two Staff houses. From 

, the projected maximum 

18.7 kW (20.8 kVA @ 

reasonable for this small load, especially 

since the use of the housing and the clinic 

should be mutually exclusive. A request 

should be made to the electric utility to 

V 

service to the site entering the Small 

Clinic. The houses will then be fed from a 

ower panel in the Small Clinic. 

The temporary cable run to the houses 

conductor to avoid voltage drop problems. 

If as planning for Phase 1 is considered, the 

ministry decides that additional phases will 

follow closely in time, the recommended 

electrical plan for Phase 1 might be worthy 

of reevaluation. Based on inquiry to the 

electric utility by an engineer from the local 

church, it appears that the 100 kVA 

transformer located in the site area could 

bear an additional 50 kVA of load. The Main 

Power House could be constructed 

of phase 1 and provided with 50 kVA, 

380/220 V service. Then portions of the 

recommended electrical infrastructure 

pertinent to support of the site electrical 

grid to some point beyond Phase 1 could be 

implemented. 

Figure 16. Possible Phase 1 electrical plan connecting to 

existing village transformer. 

 

Possible future phase electrical plan with 
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larger than necessary, based only on ampacity. Care should be taken to be sure that installing electricians 

e Main Power House, three smaller power houses, fed from the Main Power House, are 

introduced to reduce the quantity of long buried cable runs. A metering arrangement is suggested to allow 

suggests a viable plan for buried distribution cable routing for the grid proposed by the one-line 

in the Main Power Room, is specified on this drawing. 

If as planning for Phase 1 is considered, the 

ministry decides that additional phases will 

follow closely in time, the recommended 

electrical plan for Phase 1 might be worthy 

on. Based on inquiry to the 

electric utility by an engineer from the local 

church, it appears that the 100 kVA 

transformer located in the site area could 

bear an additional 50 kVA of load. The Main 

ould be constructed as part 

ovided with 50 kVA, 

380/220 V service. Then portions of the 

recommended electrical infrastructure 

pertinent to support of the site electrical 

grid to some point beyond Phase 1 could be 

Phase 1 electrical plan connecting to 
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9 COST ESTIMATE 

Phase 1 for the OSPAC/RBC Medical clinic us estimated to cost the following: 

 

Area Qty Unit Cost* 

 Extended 

Cost (USD) 

Material 

Loss 

Contin-

gency  True Cost (USD)  

 Cost 

(Gabon Francs)  

Phase I 20.00% 10.00% 

OSPAC Medical Clinic 295m
2
  $ 350.00   $ 103,000  $ 16,000 $ 12,000  $ 131,000   CFA     66,000,000 

RBC Vision/Dental 246m
2
  $ 350.00   $    86,000  $ 14,000 $ 10,000  $ 110,000   CFA     55,000,000 

Open waiting area 200m
2
  $ 150.00   $    30,000  - $   3,000  $   33,000   CFA     17,000,000 

  

Subtotal Buildings $ 274,000 CFA   138,000,000 

Site Work/Utilities  $    41,000  -  $   3,000   $   44,000  CFA     22,000,000 

 Grand Total (Phase 1):   $ 318,000   CFA   160,000,000 

 

The estimate was done on a unit cost basis with typical unit costs in $USD per square meter based on recent 

estimating experience in Gabon.   In order to verify the estimated cost, we recommend confirming with local 

professionals and/or contractors for the general building costs.  Unit costs include structure, basic plumbing, 

electrical wiring and simple finishes.  Site grading, water supply, wastewater treatment, roads & parking, 

and landscaping for the building(s) were included within the Site Work Costs.   Costs do not include furniture 

unusual equipment or perimeter security fencing.  Extensive electrical site figures could not be determined. 

 

Exchange rate assumed to be CFA 500 per $USD. 

 

The full build-out for the COSAC campus will occur in multiple phases over a long period of time as the funds 

become available.  It is recommended that the Phase 1 facility be built first as this will allow the site to begin 

functioning as a community outreach and potential location for further outreach and church location. 
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10 CONCLUSION 

It has been Engineering Ministries International's great pleasure to once again serve the national Christian 

and Missionary Alliance Church of Gabon and COSAC.  It is our hope and prayer that the PK27 property will 

become a place known throughout Gabon for its social and spiritual impact. 

 

In this master plan, we have worked to understand the entire vision and provide a suitable plan for all the 

ministries on the site.  Because we believe strongly that the associated ministries deserve the best possible 

facility, we at EMI have striven to design a master plan and building that are not only appropriate and 

pleasing, but also safe and well designed.  Please do not modify these designs without consulting EMI. 
 
Extensive effort and time was put into designing the site and building.  Nearly 8,000 hrs of design (worth close 
to US $60,000) have been donated by the project team volunteers, EMI staff and interns.  Nearly half of that 
time and effort was spent working on the site and while in-country, then once we returned home we continued 
our effort in fine-tuning, updating, improving and weighing alternates to determine the best possible design.  

In respect to that time and effort, and to avoid making a change that would compromise the design, please do 

NOT change the design without consulting EMI.   

 
On future phases, or as the needs of PK27 change, EMI would be very open to help facilitate this work.  We 
look forward to an extended partnership between COSAC / e4 Project and EMI over a protracted period of 
time for the development of future phases to the master plan and building design.  Additionally, EMI suggests 
for COSAC to develop strategic partnerships with Gabonese architect(s) and/or engineer(s) to help streamline 
the design, permitting and oversight of construction processes for subsequent work at the ministry campus.  
 

Please don't hesitate to contact me (danderson@emiusa.org), EMI’s project leader, for any questions 

regarding this design.  If that email is unresponsive, please try us at info@EMIusa.org. 

   

May our Lord and Savior Jesus Christ, richly bless you and ALL your efforts. 

- Ephesians 3:20 

 

        

Dirk Anderson  
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11 APPENDIX A – SURVEYOR’S REPORT 

Surveyors Report – PK27, Gabon 
Friday, March 09, 2012 

 
2/23/12 –  Departure date delayed one day due to weather. 

 

2/24/12 –  Depart Laramie, WY for a mostly uneventful flight through Denver, Chicago, Frankfurt to 

Libreville, Gabon. 

 

2/25/12 –  Arrive Libreville, Gabon late afternoon and was met by Henry Watts and Pastor Jean Marc who 

drove me to the teams lodging in Libreville. 

 

2/26/12 –  Attend worship service at a village church near PK27 (maybe NKok?) followed by a picnic lunch at 

the PK27 site.  The brief site visit revealed that the majority of the site has yet to be cleared.  A 

plan was developed to hire Malian workers to blaze cross sections across the property at 

strategic locations that would help define major topographic features. 

 

2/27/12 –  Begin survey with Tim Brokopp, Henry Watts and Kelvyn Anderson.   

• The SE Corner of the property (Point #213) is monumented with a concrete post that protrudes 

approximately 1 meter above ground.  This corner was readily visible and served as a starting 

point for the current topographic survey.   

• From this point we began to pull ties in an attempt to recover nearby control placed during the 

2011 eMi survey.   

• After searching unsuccessfully for control, the decision was made to run a random traverse from 

the recovered monument at the SE Corner (Point #213), approximately 900 meters westerly to 

tie the SW Corner of the property (Point #200).    

• Following a cleared power line right of way near the southerly property line, the random traverse 

was completed and a concrete post monument was recovered for the SW property corner.   

•  Holding the reported coordinates of Point #213 at the SE property corner, the random traverse 

points were rotated to match the bearing of S86°12’18”W to point #200 as reported to the SW 

property corner during the 2011 survey.     

• The random traverse produced a line 0.882m shorter between recovered monuments than the 

line as reported between the reported coordinates of points 213 to 200.  No effort to correct or 

explain this discrepancy was made during this survey. 

• Holding the coordinates of point #213 and the reported bearing of the south property line, we 

were able to locate existing 3/8” dia. rebar at traverse points surveyed during the 2011 survey. 

•  In all cases original coordinates for these points were held as control and used to collect further 

topographic data. 

• Utilizing existing control points 27 and 32, Henry and I collected topo data on the cleared portion 

of the site while Tim and Kelvyn worked with the Malian’s to clear cross sections. 
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2/28/12 –  Henry, Lori and I Began to traverse cross sections as cleared by the Malian’s the previous day 

while Tim and Kelvin helped the Malian’s clear additional line. 

• Traverse a cross section in the eastern 1/4 of the site beginning at CP # 543/back sighting original 

CP #33. 

• This cross section revealed a deep/steep ravine running predominantly west to east through the 

eastern portion of the site. 

• This first cross section was closed out to existing CP #20 with a horizontal closure of 0.33m and a 

vertical closure of 0.15m. 

• Moving west, we discover that two cross sections cut from the southerly boundary line converge 

at the northerly boundary line between existing CP 18 and existing CP 19. 

• Occupying CP #19 and back sighting existing CP #18, we placed CP #564 at the convergence of the 

cleared cross sections. 

• Commencing at CP #564, the westerly cross section was surveyed to the south as far as the 

previously mentioned west to east draining ravine.  A temporary cp was left at point #570 which 

we would close into from the south later in the survey. 

• Next, concentrating on the easternmost of the two converging cross sections, this line was 

surveyed from CP #564, southerly to CP #582.  Due to the inability to view any existing control at 

the southerly terminus, this cross section was left as an open ended traverse with no closure to 

verify accuracy. 

• Moving westerly to the highest point on the project boundary (CP #34), we occupied CP #34, 

back sighted to CP #33 and traversed north along westernmost of the converging cross sections. 

Closing back to CP #570 resulted in a closure of 0.43m horizontally and 0.03m vertically. 

2/29/12 –  Henry and I survey additional cross sections as cleared by the Malian workers. 

• A cross section cleared by the Malian’s from a point near the northeasterly corner of the PK27 

site runs southerly, converging with the previously surveyed line from CP#543 on the southerly 

boundary. 

• Commencing at CP #543 we traverse this cross section running in a northerly direction. 

• This cross section revealed a drainage running predominantly south to north, more or less 

parallel to the cross section. 

• From this cross section we were able to tie the confluence of the ravine running from west to 

east with the ravine running from south to north. 

• This cross section was closed out to CP #21 with a horizontal closure of 0.27m and a vertical 

closure of 0.04m. 

• Short day due to team engineers onsite needing to return to town. 

3/01/11 –  Henry and I finish cross sections cleared by Malians while Tim acquires some local help that will 

brush areas of concern near ravines. 

• Commencing at existing CP #26 and back sighting existing CP #27, we traverse a short cross 

section from north to south that follows generally along the top/easterly edge of the south to 

north ravine.  This traverse closed out to CP #33 with a horizontal closure of 0.20m and a vertical 

closure of 0.18m. 

• Occupying CP #605 in the bottom of the south to north ravine and back sighting CP #603, we 

located “side shot” points in the flow line of said ravine along a line cleared by Tim and the local 

help. 
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• Occupying CP #611 (near the confluence of ravines) and back sighting CP #607, we located 

additional points along a line cleared by Tim and the local help. These points are part of an open 

ended traverse in the south to north draining ravine. 

• Occupying CP # 34 and back sighting CP #33 we place CP #649 on the southerly end of the 

westernmost cross section cleared by the Malian’s – roughly the mid-point of the PK27 site with  

the cross section running from south to north. 

• Traversing north from CP #649 we discover the cross section veers significantly to the west 

leaving a wide area of no survey data between this cross section and the next cross section to the 

east. 

• Closed out this cross section and the day as a heavy downpour began.  Closing into existing CP 

#14 produced a horizontal closure of 0.73m and a vertical closure of 0.23m. 

3/02/12 –  Henry and I finish out short cross sections cleared by Tim and the locals. 

• Commencing at CP #601 we run an open ended random traverse, from south to north, along the 

flow line of the south to north draining ravine.  This traverse connects with side shot data from 

the previous day (point #673, flow line connects to point #644 in the bottom of the ravine). 

• Occupying CP #21 and back sighting CP #20, we traverse a dead end cross section running in a 

southerly direction for approximately 100 meters, crossing the west to east ravine. 

• Occupying CP #19 and back sighting CP #20, we traverse a dead end cross section running in a 

southerly direction for approximately 150 meters, crossing the west to east ravine. 

As we were now out of time, this last cross section would conclude the survey data collected during this trip.  

The survey data collected and resultant contour map are inadequate for detailed design.  Based on ties 

between existing control points, one could conclude that any given control point should have a 3-

dimensional accuracy of better than 1 meter.  However any user of this data should be aware that several 

open ended traverses/side shots are included in the point data – and that wide gaps exist where no data 

was collected.  It is impossible to make an accurate estimation of the accuracy of contours in these areas. 

Overall, the eastern 1/2 of the site is heavily wooded jungle with significant grades.  The surveyor did not 

have time to visit the western 1/2 of the project.  Visibility in most areas where the survey was extended 

was limited to cleared lines.  Regardless of gaps and inaccuracies in the data, the survey did identify several 

major topographic features in the eastern portion of the PK27 site - most notably the two ravines that join 

into a small stream in the northeasterly quadrant of the site.  Additionally the high point along the south 

boundary, along with the cross section running north from said high point, provides at least a basic 

knowledge of grades down to the ravines.  Be aware that any design based on this information will almost 

certainly require field adjustment. 

 

The survey was conducted with a Topcon GTS-312 Electronic Total Station.  Data was recorded utilizing an 

HP48-GX with SMI DCE V6 Data Collection program installed.  Data management and drafting were 

accomplished with Carlson Survey 2012 running in the ACAD 2012 platform. 

 

Sincerely, 

 

David C. Lee 
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12 APPENDIX B - ARCHITECTURAL PROGRAM OF SPACES NEEDED 
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13 APPENDIX C – ELECTRICAL LOADS 

Organization Building  Floor Area 

Lighting 

+ Socket 

Power 

Density 

General 

Load 

Power     

Load 

Total 

Load 
Comments 

    ft
2
 m

2
 W/ft

2
 W W W   

OSPAC Small Clinic 2000 186 1.5 3000 9500 12500 Medical equipment/ auxiliary 

lighting/AC/WH 

  Full Medical Center 4000 372 1.5 6000 19000 25000 Medical equipment/ auxiliary 

lighting/AC/WH 

  Maternity 3000 279 1.5 4500 13500 18000 Medical equipment/ auxiliary 

lighting/AC/WH 

  Health Education  1000 93 1.0 1000 325 1325 Ceiling fans 

                  

RBC Eye Treatment/Glasses 2000 186 1.5 3000 2150 5150 Ceiling fans/ Sockets/ 

Grinding/polishing equip 

  Eye Surgery & Ward 5000 465 2.0 10000 16500 26500 Medical equipment/ auxiliary 

lighting/AC/WH 

  Handicap patients 500 46 1.5 750 2000 2750 Medical equipment/ auxiliary 

lighting/AC 

  Dentist 500 46 1.5 750 3500 4250 Medical equipment/ auxiliary 

lighting/AC/WH 

       Subtotal 95.475 kW 

         

Organization Building  Floor Area 

Lighting 

+ Socket 

Power 

Density 

Geneal 

Load 

Power     

Load 

Total 

Load 
Comments 

    ft
2
 m

2
 W/ft

2
 W W W   

EAC Pre-Primary 3500 325 1.5 5250 1725 6975  Ceiling fans/ Washer 

  Primary 14000 1301 1.5 21000 4030 25030  Ceiling fans 

  Secondary 22000 2044 1.5 33000 6370 39370  Ceiling fans 

  Teacher College 4500 418 1.5 6750 1300 8050  Ceiling fans 

  Vocational School 4500 418 1.5 6750 1300 8050  Ceiling fans 

  Gymnasium 6000 557 0.5 3000 1755 4755  Ceiling fans 

      Subtotal 92.2 kW 

         

Organization Building  Floor Area 

Lighting 

+ Socket 

Power 

Density 

General 

Load 

Power     

Load 

Total 

Load 
Comments 

    ft
2
 m

2
 W/ft

2
 W W W   

LAC Warehouse 1000 93 0.5 500 325 825 Ceiling fans 

  Printshop/Class/Transl 1000 93 1.5 1500 2740 4240 Ceiling fans/ PC(3)/ Printers(3)/ 

Presses/ Copiers 

                 

COSAC Chapel 2500 232 0.5 1250 1650 2900 Ceiling fans/Projector/Audio 

equip 

  Administration Building 1000 93 1.5 1500 4165 5665 Ceilingfans/ PCs(3)/ Printers(3)/ 

Copier/ AC(half) 

  Driveway Lights      2125   2125 85 W MV Pole mounted(25) 

                 

Aviation Runway      2000   2000 Runway lights 

  Facilities 2500 232 1.0 2500 650 3150 Ceiling fans 

      Subtotal 20.9 kW 

 


