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PROGRESS REPORT – JULY 31st 2016
This pilot project by Tengwood Organization to install an Aquapura ‘waterflow’ system in the Cross River National Park
Okwangwo Divisional Headquarter in Butatong in order to
provide clean drinking water for the CRNP rangers, staff, visitors,
and the community of Butatong began in March of 2016; this
report presents the results of our inspection visit to the Cross
River National Park Okwangwo Divisional Headquarters in
Butatong in March of 2016 and the results of a subsequent geological survey carried out in June of 2016
to determine the best location for a borehole. The following steps have thus far been carried out;

1.) Discussions with WCS Nigeria in regard to safety and technical issues regarding the Mbe
Mountain site and decision to consider the Okwangwo Divisional Headquarters and the
community of Butatong for hosting the Aqua-Pura waterflow system because of its greater
water needs and optimal suitability for the project.
2.) Meetings and Discussions with Cross River National Park Administrative Staff at CRNP
headquarters in Akampa regarding the program.
3.) Inspection Visit to Cross River National Park Okwangwo Divisional Headquarters to access the
suitability of the site for our waterflow system.
4.) Presentation of Report to the Cross River National Park Administrative Staff and a meeting at
CRNP headquarters in Akampa to discuss our findings during the inspection visit, the planned
installation of the Aqua-pura waterflow system, and a budget for drilling of a borehole.
5.) Geological Survey of the Okwanwo Divisional Headquarters in Butatong to determine the best
location for a borehole.
6.) Presentation of Report to the Cross River National Park Administrative Staff regarding results
of the geological survey.
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INSPECTION VISIT TO CRNP OKWANGWO DIVISIONAL HEADQUARTERS IN BUTATONG
Tengwood Organization visited the Okwangwo Ranger Station in Butatong in March 2016 to inspect the
facilities in regard to their suitability as a site for the larger waterflow cleaning system. This is a report of
our findings. After a meeting to introduce us to staff at the Okwangwo Ranger Station in Butatong, we
were brought on a thorough tour of the facilities by Chief Park Warden Kareem Tesleem Adeniyi and
staff. This tour included the existing buildings, structures involved in the previous and current water
system, and the perennial stream.

Need for the Waterflow System in Butatong
After our inspection tour, Tengwood Organization evaluated our findings and reported these findings to
the Managerial staff of the Cross River National Park in Akampa. The existing facilities at the Okwangwo
Divisional Headquarters, and the structures that were being inspected to see if they could be utilized in
our system included the following;
Ranger Station Offices – Existing water facilities; Metal tower and tank (rusted)
Ranger Station Barracks and Staff Housing – Existing water facilities; Metal tower and tank (rusted)
Guest Houses (4) – Existing water facilities; Metal towers (rusted). All of the guest houses have large
plastic water tanks that are functional. Water for guests is obtained from the nearby perineal stream
pool; A 20 liter jerry can be filled and carried from the stream to the guest houses for 50 Naira.
Perennial Stream – The stream is approximately ½ km from the buildings. The stream has been altered
by farming in the community land above the stream, which has removed natural vegetation and caused
a subsequent decrease in its flow. During the building of the station, a WWF project in the 1990s put
some water facilities in place, which have since stopped functioning. During this project, there was an
attempt to build a dam to increase the size of the pool from which water is obtained and a concrete wall
still exists in the stream, although the dam failed to increase the size of the pool and may have
contributed to the poor flow of the stream.
Existing Pipes – The same WWF project mentioned above during the establishment of the park in the
early 1990s (details and exact dates of this project are unknown) laid plastic piping from the perennial
stream to the metal water towers and tanks that are present at the buildings. The piping was buried in
the ground along the path to the stream, and the exact location of these pipes is unknown. A blueprint
of the pipes could not be found in the offices or at the main offices in Akampa. However, it was known
that the WWF system had stopped functioning in part because many of these plastic pipes broke,
possibly causing the breakdown of the system. The theft of a pump which was part of the system and
inadequate money to fuel the generator also contributed to the failure of the previous system.
The information below describes the evaluation of the existing facilities and the necessary components
and costs for the proposed installation of the waterflow system at the Okwangwo Divisional
Headquarters in Butatong.

Evaluation of Existing Facilities
After our tour, it became apparent that the existing structures that were used in the previous WWF
water system (i.e. metal water tanks/towers and old plastic piping) are not adequate for current use. It
is also apparent that the stream, which is depleted on a daily basis to the point where it is sometimes
necessary to wait until the next day for the pool to refill, will not provide an adequate water supply for
the project. It is currently being overused to the point where water can be depleted by the afternoon, so
2

that people must wait until the following morning to get water. The Aqua-pura waterflow system can
approximately 400 liters per hour (depending upon the pump and water supply) and could quickly
deplete the pool if water is pumped from this small pool.

Necessity and Location of a Borehole
For this reason, we propose that digging a borehole is more likely to provide an adequate water supply
for our system. We have been informed that historically, this region was thought to be too rocky for
boreholes. However, this perception may be partly based on failings of older equipment. With current
advances in survey and digging equipment, we believe it is possible to find a location where a borehole
is feasible. In the recent past, a hand-pumped borehole was put in place by CRNDP in the village of
Butatong (detailed information about this borehole is not known) and supplies water to many in the
community. However, it also incurs long daily lines and causes conflict within the community. Because
of this, many still choose to use the perennial stream pool within the Ranger Station as their water
source. It was determined that the best location of a borehole would be within the station, where the
rangers and staff could oversee and manage the water system. Preferably, the water system would be
located at the main offices or barracks; a location close to the gate would allow the system to be more
easily managed and overseen by park staff and allow ease of use by the Butatong community. The next
step in the project is a planned survey within the ranger station to find out the best location to locate a
borehole, given the existing topography.

Water Storage Needs
The waterflow system can pump approximately 400 liters of water an hour and it would therefore be
necessary to purchase tanks one to two 5,000 liter tanks that would be located at the borehole. The
waterflow system described provides clean and safe drinking water from a centrally located tap. With
the addition of a borehole, the current existing water sources remain. We would suggest that the
waterflow system could be utilized for drinking water, while the perennial stream would still available at
its current capacity for bathing, washing water, etc.
In a discussion with CRNP staff, we were questioned about the possibility of piping water to the water
storage tanks located at each housing unit. This is not a part of the water purification system, which
purifies water directly before it is placed into a container. However, with the borehole and the addition
of a greater water storage capacity, piping to individual housing would be a possibility, but this is not a
part of our project.

Piping for the Water System
The components of the Aqua-pura waterflow purification system are present in Nigeria and ready to be
installed, excepting the solar panel (see ‘energy source’ section below). The piping for the water
purification system is minimal. In the optimal design, the system would be located close to the borehole
and storage tanks. For maximum control of the system, taps from which containers can be filled could be
located inside and outside the gate. The water system itself is a wall-mounted unit for which the
following components must be connected with piping:

Water source (bore hole)  water storage (tanks)  Aqua-pura wall mounted purification unit  tap
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Energy Source Selection
An energy source runs the pumps that draw water from the borehole into the water storage tanks, and
that pump the stored water through the purification system. The optimal energy source would be a
solar panel and solar pump, with a one-time cost at installation. It is also possible to use a generator and
battery to run these pumps, but the cost of fuel would then be an ongoing issue. Information about
solar systems was provided to Tengwood by a company in Calabar.

Discussions Regarding Water System Maintenance
There is some necessary maintenance and monitoring of water system. This maintenance is minimal and
includes cleaning of the special paper filtration unit. This is dependent on how soiled the filter becomes
from the water. After discussion with CRNP managerial staff, it was agreed that a CRNP Okwangwo
Divisional staff member will be selected to maintain the system after we have installed it, and Tengwood
Organization will train any designated personnel on use of the system.

Water Quality Testing of the Perennial Stream
Water quality testing is currently in progress for water samples collected from the perennial stream to
find out the quality of this water for drinking. Testing the quality of the water and the functionality of
the water purification system will be carried out periodically by Tengwood Organization. Water Quality
testing will occur before and after installation of the water purification system and every month during
the 3 month period after its installation.

Planned Educational Component
The water project also includes an educational component which combines the provision of clean
drinking water with environmental education and educational materials about the connections between
watersheds, wildlife, natural systems, and human activities. Details of this program will require further
discussions with CRNP and park staff. Currently, WCS Nigeria has a staff member stationed in Butatong
for educational programs that take place in the surrounding communities. It may be possible to provide
this current program with training and materials which can be assimilated into the existing educational
program as a learning program focused on drinking water and how it connects to natural systems.
FIGURE 1: Co-directors of Tengwood Organization Bruno Tenger and Dr. Kathy Wood pictured with the Cross River
National Park Rangers and Administrative Staff, Okwangwo Division.

All photos © Tengwood Organization
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FIGURE 2: The water source for both the Park and the community of Butatong is a small perennial stream located
inside the Okwangwo Divisional Headquarters (left and center). This stream serves both the park staff and the
Butatong community. There is one borehole in the village, from which water must be hand-pumped (top right);
this borehole has a low yield, and experiences long daily lines, which cause conflict in the community.

FIGURE 3: Tengwood Organization’s inspection visit of the water facilities available at the CRNP Okwangwo
Divisional Head Office in Butatong. A meeting of introduction for Tengwood Organization and a tour of the
facilities with Chief Park Warden Kareem Tesleem Adeniyi, administrative staff and Rangers.
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FIGURE 4: The tour of the facilities included and a visit to the perennial stream used by the Rangers, Park staff and
visitors, and the community of Butatong. Community members hire bikes to carry jerry cans of water from the
stream to their homes. Water samples were collected from the steam for water quality testing.

FIGURE 5: Our visit also included a walk into the park with CRNP Okwangwo rangers, where we learned about
some of the unique local plants and wildlife found in the park.
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FIGURE 6: The CRNP Rangers protect the park from threats, such as hunting, logging, and other human
disturbances. Pictured below, a ranger demonstrates landslides caused by logging tractors illegally moving in the
park. During our visit, a truck of illegally cut logs was seized. Mahogany logs and cattlestick (top right and on
bottom left, cattlestick being shown by Chief Park Warden Kareem Tesleem Adeniyi) are two types of protected
timber that are being illegally exploited in Nigeria. Also pictured (bottom center and right) one of a number of
Forest Hinge-back tortoises, seized from hunters and being held at park headquarters; this is the same species that
was found being smuggled as illegal bushmeat into Switzerland during Tengwood Organization’s bushmeat study in
Swiss airports.

All Photos © Tengwood Organization
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A GEOLOGICAL SURVEY OF THE CRNP OKWANGWO DIVISIONAL HEADQUARTERS IN BUTATONG

Preliminary Meeting with CRNP Administrative Staff
Our collaboration and exchange with the Administrative Staff of the Cross River National Park has been a
productive and welcome partnership. After an inspection visit of the CRNP Divisional Headquarters in
Butatong in March of 2016, a report was provided to CRNP Administrative staff at their headquarters in
Akampa, including an evaluation of the existing facilities and the necessary proposed additions for
installation of a water system. A meeting occurred after the report was submitted in which we discussed
drilling and placement of a borehole and solar powered pump as a better source of water for the
installation of the water system. We also discussed the use of solar energy source as opposed to a
generator-run system. A tentative budget was proposed by Tengwood Organization and the possibility
of sharing some costs was discussed, if the budget for solar power moved beyond Tengwood
Organization’s current funding. Dependent upon cost, the drilling of a borehole was agreed upon and a
geological survey was planned as the next step.

Results of a Geological Survey of the Okwangwo Divisional Headquarters in Butatong
On June 16th of 2016, a geophysical survey was carried out by Hot-Minet Services Limited, a company
located in Abuja and Obudu, which provides borehole drilling, solar installations, civil engineering
realization, earth dams, water works and reticulation. This is the same company used by CRNP to drill a
borehole at Erokut Gate, the entrance to and tourist location of the Cross River National Park, Oban
Division. Engineer Jukpah Samuel Christopher and the survey team met Tengwood Organization and
park staff at the Okwangwo Divisional Headquarters, where he and his team performed a geological
survey of the grounds to determine the optimal location for a borehole.
According to the report provided by DES-D Hydro General Services for Hot-Minet Services Limited, the
geology of the Okwangwo area is sedimentary rock formation, comprised of mud rock, siltstone,
sandstone and granite, with the best aquifers in the Okwangwo region found where medium and
coarse-grained granite are weather or fractured. The ground water hydrogeology is considered relatively
good or ‘productive’ (a low to moderate yield) for a borehole. The surveyors first dowsed the area
around the office and ranger barracks using diving rods to determine optimal spots for measurement
with a rectified resistivity meter (RRM, with a Schlumberger electrode array configuration), and
collected data using an electrical resistivity method, which determines the geophysical characteristics of
the ground. This was then interpreted both manually and using a computer software interpretation
(IPI2WIN and IP software models), with analysis carried out at the University of Makurdi. The resulting
data pinpointed zones of least resistivity, indicating groundwater-saturated regions.
Two areas were chosen as the optimal locations for a borehole and data was collected for both sites for
subsequent analysis. The first location was just inside the main gate of the CRNP Okwangwo Divisional
Headquarters, in the grassy area close to the ranger barracks, just off the road. The second location was
in the large field adjacent to the CRNP Divisional Headquarter offices, near to the existing metal
watertank tower. According to the analysis and recommendations of the survey team, the site closest to
the office compound was selected as the drilling point with the best possible configuration for finding a
productive underground water source. They estimated the depth of the borehole at 90-120 meters, with
the exact depth to be determined during drilling. More details of the survey results can be found in the
report provided by the Hot-Minet Company and attached to this document (see APPENDIX I).
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The concrete wall at the security post of the main gate was chosen as the best location for the
waterflow system and for the taps (inside and outside). The security shed at the main gate area and park
offices is staffed by a security guard, making this location easy to monitor. A small shed can be built on
the outside wall of the main gate shed to protect the waterflow system from weather elements. The
taps can be placed both inside the gate (for optimal use by park staff) and outside the gate, to facilitate
use by the community, so that they could still utilize the water system when the park gates are closed at
night. An inspection of the existing water tank tower (near the chosen location for the borehole)
determined that the metal of this tower is still sound and can carry two large water tanks, although a
large stand of bamboo growing around the stand will need to be removed. The higher placement of
water tanks on this metal tower will aid in the flow of water to the Aqua-pura waterflow system located
at the main gate. Additional tasks and materials necessary to complete the system are included in this
report (see additional budget costs, below).

Funding for the Clean Water for Conservation Project:
Tengwood Organization is providing funding for the costs listed on the budget provided (see page 3). We
have also earmarked funds for educational materials that are not listed in this budget, to be provided at
a later date. The total costs for the proposed work/materials provided by Hot-Minet Services Limited
and the additional work/materials necessary for project realization come to a total of N 2,395,900. No
other costs are covered by the existing funding.
TOTAL COSTS
Proposed budget from Hot-Minet Services Limited (shown below) and the costs for
additional materials and services to install the water system (also shown below)

Photo © Tengwood Organization
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AMOUNT
₦ 2,395,900

BUDGET:
The following budget was proposed by the geological surveyors (also see company references and a
proposed budget from Hot-Minet Company in APPENDIX II);
PROPOSED BUDGET COSTS FROM HOT-MINET COMPANY LIMITED: for the drilling of borehole, solar paneled
energy system to pump water, water tank storage and piping, proposed by Hot-Minet Services Limited (also see
the attached proposed budget in Appendix II, page 19).
PROPOSED BUDGET FOR MOTORIZED AIR ROTARY BOREHOLE DRILLING AND NECESSARY MATERIALS FOR A
SOLAR POWERED WATER PUMP SYSTEM:
S/N JOB DESCRIPTION
RATE
AMOUNT
1
8 pieces of 55W, 21.7V, 6-10Am Solar Panels
₦ 30,000
₦ 240,000
2
1.5HP, 1.4K W, DCV 30-300 Grund FOS X Solar Pump
₦ 330,000
₦ 330,000
3
30 pieces 1 1/4” PVC Niger installation pipes
₦ 2,300
₦69,000
4
Installation accessories include elbow, marine robe, male and female
₦ 40,000
₦ 40,000
adaptor, abro gum, trade tab well head and a bag of cement for grouting
5
Two rolls of 4.5mm Niger cable
₦ 24,000
₦ 48,000
6
Drilling and casing of 5”diameter, 10 bar, to the depth of 120m
₦ 9,000
₦ 1,080,000
7
Two Gee pee tanks (3000 L each)
₦ 90,000
₦ 180,000
8
Transportation
₦ 50,000
₦ 50,000
9
Solar panels and pump installations, reticulation and piping
₦ 150,000
₦ 150,000
TOTAL FOR BOREHOLE DRILLING, SOLAR PUMP INSTALLATION, AND TANKS
₦ 2,187,000

ADDITIONAL COSTS:
After discussions of the budget with the engineers and CRNP park staff and the engineers, some
additional materials and activities were proposed, including the following items listed below. The cost of
the geological survey has already been paid from the Tengwood budget and is included in the budget.
ADDITIONAL BUDGET COSTS: Additional costs to those proposed by Hot-Minet Co. Ltd. (above) include the
geological survey (already covered), the costs for cutting a large stand of bamboo around an existing metal water
tank tower, piping from the borehole to the water system (approximately 200-250 meters), taps for the water
system (inside and outside main gate), housing for the water system, and items necessary for system maintenance.
COMPLETED SERVICES:
RATE
AMOUNT
Geological Survey and Report *
₦ 50,000
₦ 50,000*
ADDITIONAL SERVICES:
RATE
AMOUNT
Cutting of bamboo around existing water tank tower
₦ 60,000
₦ 60,000
ADDITIONAL MATERIALS FOR WATERFLOW SYSTEM:
Switch for water pump
₦ 7,000
₦ 7,000
2-3 Taps (inside and outside gate)
₦ 5,000
₦ 15,000
200-250 meters PVC pipe (from borehole to taps)
Approximately 11 - 1¼” pipes
₦ 2,300
₦ 29,900
Approximately 2 - 1” pipes
Small shelter for waterflow components
₦ 30,000
₦ 30,000
- wood and hardware to mount waterflow components on wall
- hardware and 2x4 planks for shelter
- corrugated tin roof
Piping for waterflow components on wall-mount
₦ 10,000
₦ 10,000
Safety Glasses for UVC light (10)
₦ 500
₦ 5,000
2 large basins for cleaning filters
₦ 2000
₦ 2000
TOTAL FOR ADDITIONAL COSTS
₦ 208,900
* This cost has already been paid
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FIGURE 7: The geological survey was successfully carried out in June of 2016 and the best location for a borehole
was determined from the survey. In the pictures below, Engineer Jukpah Samuel Christopher and the geological
survey team go to work. Two locations were surveyed near to the Park offices and the Ranger barracks. The best
water yield was located near the park offices.

FIGURE 8: Divining rods were first used by the geologist to detect underground water sources; Tengwood
Organization’s Bruno Tenger received a dousing lesson from the geologist (left and center photo). Other necessary
tasks to be carried out were also planned during this period; for example, the metal water tank tower near the
spot chosen for the borehole must be cleared of a large stand of invasive bamboo which surrounds it.

Photos © Tengwood Organization
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FIGURE 9: The water system will be located at the main gate of the park headquarters, close to the offices and
ranger barracks, with taps placed both inside and outside the main gates, which are closed at night for security.
The guard located at the gates can also keep watch over the water system and its components.

Water system and tap inside park
headquarters will be placed here

Tap outside park headquarters
will be placed here

FIGURE 10: Co-directors of Tengwood Organization Dr. Kathy Wood and Bruno Tenger pictured with Engineer
Jukpah Samuel Christopher and the geological survey team (top photos), and with park staff and some young
visitors from the Butatong community at one of the park’s guest houses (bottom photos).

Photo © Tengwood Organization
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FIGURE 11: CRNP Rangers at Okwangwo must work closely with the community of Butatong, both to maintain the
borders of the National Park (as the area is heavily farmed) and in sharing a water source, which is located inside
park headquarters. The Okwangwo Clean Water for Conservation project will include an educational component
that will teach Butatong and surrounding communities, schoolchildren, and visitors to the park about the links
between natural systems and clean drinking water. Educational materials will illustrate the connections between
watersheds, wildlife, forests, and human activities. Pictured in center photos, CRNP educator Justina U. Undehkido
works closely with WCS Conservation Education Coordinator-Okwangwo Project, Louis Nkonyu; together they
carry out educational programs in the park and in the surrounding communities and will play an important role in
the water project.

All Photos © Tengwood Organization

13

APPENDIX I: Geophysical Survey Report for Construction of Motorized Borehole Conducted at Cross
River ational Park Butatong Village Okwangwo Division in Boki Local Government Area of Cross River
State, from a survey conducted by DES-D Hydro General Services, June 2016.
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TENGWOOD NOTE:
These are the results for
the site chosen as the
best location for a
borehole, near to the
park offices – the low
numbers at the bottom
of this chart (in the
column labeled ‘Ro_a’)
indicate that a good
groundwater-saturated
source is located here.
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APPENDIX II: References and proposed budget, presented by Hot-Minet Services Limited.
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The budget, as proposed by Hot-Minet Services Limited for costs associated with borehole drilling,
installation of solar system, piping and water tanks;
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Thanks to our Sponsors:

2016 © Tengwood Organization

CRNP Okwangwo Rangers and the Butatong Community share
a water source – clean watersheds are important to all life.
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