
APPENDIX 9 

Manua on 10M HDPE Circular Cage 

with Grid Mooring System 



USER'S MANUAL

10M DIAMETER HDPE CIRCULAR CAGE WITH GRID MOORING SYSTEM IN KIJIWENI

Introduction:
Modern marine HDPE circular floating cages, represent one such development. This have
evolved significantly from basic system to high degree of complexity and carefully engineered
structures. HDPE circular floating cages are widely used, because of the versatility of the
materials used. This manual describes the grid mooring system that support the fish cage. The
design options and technical specifications are provided for the key elements of the cage
readily enabling the construction of structures that meet the needs of operator and are suitable
for the environment in which they will be placed. Technical information is then provided on the
cage, grid mooring, net cage design and on determining the appropriate size and shape.

Purpose:
Aquaculture farming for Rabbit Fish (Siganus Canalicullatus) and Milkfish (Chanos chanos).

Site Selection:
The cage should be in sheltered areas protected from strong wind with adequate water flow. 
It is necessary to have sufficient depth in order to maximize water exchange, avoid oxygen
depletion and avoid accumulation of uneaten food. The culture site should be near the shore
and a good road for land transportation.
Design and Specification of Grid mooring system:
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Bathymetry at the cage installation site:

T1: S 04° 38.516’ E 039° 21.200’0’ DEPTH: 11 METERS

T2: S 04° 38.528’ E 039° 21.198’8’ DEPTH: 12.2 METERS

T3: S 04° 38.527’ E 039° 21.209’9’ DEPTH:  12 METERS

T4: S 04° 38.517’ E 039° 21.211’1’ DEPTH:  10.6 METERS
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Bill of Quantities:

ASSEMBLY GUIDE 
1. Butt welding of inner floater HDPE pipe 32 meters length.
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Tools & Equipment:

Design & Specification of Mooring Formwork:

A9-4



Design & Specification of Mooring Formwork:

Design & Specification of Concrete Mooring Blocks:
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Fabrication of Concrete mooring blocks:

1. Prepare a concrete mixture of 1:4:4 for 12 pcs. Mooring blocks and 12 pcs. Net weight.
2. Pour the concrete mixture in 3 units mooring formworks.
3. Wait for the concrete to set and gain enough strength to support itself.
4. Remove the side of the formwork and the partition. See figure below.
5. Repeat the same procedure to complete the 36 pcs. mooring blocks.
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Fabricated 36 pcs. concrete mooring blocks in Kijiweni

Using tire rim as anchor ring is more economical, durable and corrosion-resistant compared to
metal ring that rust underwater and pvc pipe which is a brittle material.
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Design & Specification of Concrete Net Weight:

Fabrication of Concrete net weight:
1. Prepare a concrete mixture of 1:4:4 for 12 pcs. Net weight.
2. Pour the concrete mixture in 12 pcs. PVC net weight mold.
3. Wait for the concrete to set and gain enough strength to support itself.
4. Remove the PVC net weight mold. See figure below.

Fabricated 12 pcs. concrete net weight in Kijiweni.

PVC Net weight mold
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Design & Specification of Nursery net:
Original Netting material – Knotted PE net 400/9 x 17k x 300 MD
Substitute Netting material – Knotless PE net 380D/18 x 1” x 200 MD

The original material specification for nursery net is Knotted PE net 400/9 x 17k was not 
available in Kenya netting supplier. We decided to look for a substitute material which is the 
standard in Kenya Knotless PE net 380D/18 x 1” x 200 MD.

Advantages of Knotted PE net
1. Made from UV stabilized materials.
2. Higher breaking strength and better elasticity compared to knotless netting.
3. They are tough and durable.
4. It is very easy to repair in the unlikely event of damage.

A9-9



Procedure on how to fabricate a nursery net Ø10 meter diameter by 4 meters depth:
1. Cutting of net from diamond mesh to square mesh. See figure 1.
2. Cutting and measuring depth of 4 meters from diamond mesh. See figure 2.

3. Mending, joining and cutting of diamond mesh net to make the total length of body/wall
for circular square mesh cage net of 32 meters. See figure 3A & 3B.

4. Cutting of ropes. Use 8mm polyethylene rope.
A. Vertical ribs – 12 pcs. @ 6.5 meters length.
B. Horizontal ribs for top, center and bottom – 5 pcs. @ 34 meters length.
C. Bottom cross ribs – 2 pcs. @ 11 meters length. See figure 4.
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6. Fabrication of base 10 meter diameter.
Look for flat and wide area 12 meters x 12 meters concrete flooring or compacted
land. Make a round circle, measuring 5.08 meter radius then unfold or spread out the
12.5 square meter net. Make sure the cross rib 8mm rope is located at the center of the
circle. Fixed the four corners of the net using concrete nails to avoid
shrinkage/deformation of net. Then insert the 34 meter length 8mm rope by tracing the
circumference line until completely rounded. See figure 6.

5. Inserting of 12 pcs. vertical rib 8mm rope and mending to avoid loosing of net to the
rope rib lines. See figure 5A.
Inserting of 3 pcs. horizontal rib 8mm rope and mending. See figure 5B.
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7. Joining of wall and bottom of circular cage net 10 meter diameter by 4 meters depth.
See figure 7A.
Cut and remove the excess net after mending the wall and the bottom. Lock the vertical
rope rib to circumference rope top and bottom. See figure 7B.
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This photo was the actual training and fabrication of nursery net. They are mending/joining the
wall and the base/bottom net.
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Design & Specification of Grow-out net:
Original Netting material – Knotted PE net 400/15 x 10k x 300 MD 
Substitute Netting material – Knotted PE net 380/60 x 2” x 200 MD

Procedure on how to fabricate a grow-out net Ø10 meter diameter by 5 meters depth:
1. Cutting of net from diamond mesh to square mesh. See figure 1.
2. Cutting and measuring depth of 5 meters from diamond mesh. See figure 2.
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3. Mending, joining and cutting of diamond mesh net to make the total length of body/wall
for circular square mesh cage net of 32 meters. See figure 3A & 3B.

4. Cutting of ropes. Use 10mm polyethylene rope.
D. Vertical ribs – 12 pcs. @ 7.5 meters length.
E. Horizontal ribs for top, center and bottom – 5 pcs. @ 34 meters length.
F. Bottom cross ribs – 2 pcs. @ 11 meters length. See figure 4.
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5. Inserting of 12 pcs. vertical rib 10mm rope and mending to avoid slacking of net to the
rope rib lines. See figure 5A.
Inserting of 3 pcs. horizontal rib 10mm rope and mending. See figure 5B.

6. Fabrication of base 10 meter diameter.
Look for flat and wide area 12 meters x 12 meters concrete flooring or flat compacted
land. Make a round circle, measuring 5.08 meter radius then unfold or spread out the
12.5 square meter net. Make sure the cross rib 10mm rope is located at the center of
the circle. Fixed the four corners of the net using concrete nails to avoid
shrinkage/deformation of net. Then insert the 34 meter length 10mm rope by tracing the
circumference line until completely rounded. See figure 6.
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7. Joining of wall and bottom of circular cage net 10 meter diameter by 5 meters depth.
See figure 7A.
Cut and remove the excess net after mending the wall and the bottom. Lock the vertical
rope rib to circumference rope top and bottom. See figure 7B.
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This photo was the actual fabrication of grow-out net base/bottom.
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Design & Specification of Cover net 
Original Netting material – Knotted PE net 400/9 x 17k x 300 MD
Substitute Netting material – Knotless PE net 380D/18 x 1” x 200 MD

Procedure on how to fabricate a cover net Ø10 meter diameter:
1. The process is the same to fabricate the nursery base/bottom. See figure 1.

A9-21



This photo was the actual fabrication of cover net.
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Fabrication of 10 Meter HDPE Circular cage:
HDPE Pipe International Standard Specification PE-100 Material:

Butt Fusion Machine Specification:

Generator Set Specification:

Procedure on how to fabricate 10 meter HDPE circular cage:
1. Select the proper equipment to be use that accommodates the diameter of the pipe

and fittings. See photo no. 1.

Photo no. 1
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2. Cut the polystyrene sheet 4’ x 4’ x 4” to form a circle 7 ¼” in diameter. You can make 36
in one (1) sheet. See photo no 2.

Photo no. 2
3. Insert the polystyrene circle pieces inside the HDPE pipe. Make sure to fill the 32 meters

length of pipe. See Photo no. 3.

Photo no. 3
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4. Alignment and clamping of pipe two ends. It should be a seamless transition from one
piece to the next with no gaps, and no ridge or drop off from one piece to the next. See
Photo no. 4.

Photo no. 4

5. Butt fusion requires a clean, smooth, virgin surface of HDPE in order for the fusion to
have the optimal result.

6. The inside and outside of the pipe needs to be cleaned thoroughly of debris with a clean,
lint-free cloth or paper towel.

7. Heating plate must be carefully mounted between the cleanly faced ends. The pipe must
remain in place against the heating plate for a process called the heat soak, based on the
outside diameter and thickness of the pipe and fittings. See Photo no. 5
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Photo no. 5

8. Upon the quick, but efficient inspection of the pipes ends. The pipe can be rejoined
smoothly but firmly, and once again locked into place.

9. When the proper cooling has been completed, the fusion is complete. Until that time, the
pipes needs to remain in the clamps and not disturbed, so as not to damage or alter the
fusion

10.Troubleshooting and bead inspection.
11. Continue and repeat the process with the straight pipe butt fusion to complete the 36

meters length or 6 pcs. HDPE pipe x 6 meters length. See Photo no 6.
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Photo no. 6
12. Measure the straight pipe with the total length of 32 meters, then cut the excess pipe

using a chain saw. See Photo no. 7.

Photo no. 7
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13. Use a 16mm PP rope to pull and bend the straight pipe of 32 meters to form a circular
ring. See Photo no. 8

Photo no. 8

14. Joining the encircled pipe ends must be clamped and aligned properly. It should be a
seamless transition from one piece to the next with no gaps, and no ridge or drop off from
one piece to the next. See Photo no. 9.
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 Photo no. 9
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Design and Specification of Mooring/Floating raft: 

Procedure on fabrication of mooring raft:
1. Sealed the drum lid using silicone sealant. Make sure to tighten the lid properly to

prevent seawater from entering the drum floater. See Photo no. 1
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 Photo no. 1
2. Measure the distance of inner and outer wood as per design and specification of raft.

See Photo no. 2.

Photo no. 2
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3. Drill 16 pcs. bolt hole ½” diameter to fasten the high tensile bolt ½” diameter x 9 inch.
See Photo no. 3.

Photo no. 3 
4. Fastened 16 pcs. high tensile bolt. Make sure the parts to be joined together are

securely held and tightened with locknuts and bolt. See Photo no. 4.

Photo no. 4 
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5. Tie the 8 pcs. drum floater on the wood frame by monofilament nylon # 160. Each drum
has 4 pcs. 8mm diameter hole located on opposite sides. See Photo no. 5.

Photo no. 5
6. Fabricated mooring raft. See Photo no. 6

Photo no. 6 
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Assembly and Installation of temporary marker:
1. Make 16 pcs. 25 kilograms sandbag for anchoring the temporary marker for T1, T2, T3

and T4. Make 8 pcs. polystyrene float 10” length x 10” width x 4” height for temporary
marker. Use 10mm PE rope to anchor the marker. See photo no. 1.

Photo no. 1
2. Make a temporary grid line using 10mm PE rope. This rope will connect the temporary

marker for T1, T2, T3 and T4 @ 20 meters distance respectively. See Photo no. 2.

Photo no. 2
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3. Conduct a site survey to determine the exact location of floating fish cage to be
installed.

4. Locate the T1, T2, T3 and T4 using GPS and fish finder sonar to measure the depth of
each point.

5. Install the temporary marker for T1, T2 T3 and T4 and drop the sandbag as per lay-out
plan. See figure below.

Hauling and dropping of concrete mooring blocks:

1. For pre-hauling of concrete mooring blocks, use 1 pc. 200L drum floater to lift 1 pc.
concrete mooring block. During high tide and mooring block is already floating, tow or
pull the floater drum from the foreshore to the mid deep part of the
shoreline. Then remove the floater drum and repeat the same procedure
to complete the 36 pcs. concrete mooring blocks.
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2. Cutting of polypropylene ropes 24 mm for mooring line & mooring eye.
a. T1 – 53 meters, 43 meters and 42 meters

T2 – 55 meters, 44 meters and 44 meters
T3 – 55 meters, 44 meters and 44 meters
T4 – 52 meters, 42 meters and 42 meters

See figure below:

b. 12 pcs. 4 meters for mooring rope eye.
c. Burn both ends of the rope to avoid fraying.
d. Put a marker on the center of mooring ropes, for tension buoy attachment.

3. Cutting of pe ropes for tying of concrete mooring blocks to mooring raft
a. 36 pcs. 10 mm pe rope by 2 meters length

4. Cutting of pe ropes for measuring the distance between mooring blocks and grid ring.
a. 1 pc. 10 mm pe rope by 30 meters length for parallel and

perpendicular points of the grid.
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b. 1 pc. 10mm pe rope by 42.5 meters length for corner points of the grid.
5. Cutting of ropes for towing of mooring raft.

a. 1 pc. 10 mm pe rope by 35 meters
6. Minimum of five (5) persons needed to lift and attach the concrete mooring blocks to

mooring raft. One (1) person should be on top of the raft to pull the 10 mm pe rope by 2
meters length tied to the ring of mooring block. Four (4) persons must on the water to lift
the mooring block until the concrete ring is tied to the raft. Repeat the same procedure
to complete the 8 pcs. concrete mooring block before towing. See Photo no. 6

Photo no. 6

7. Use a Boat with 15 HP engine to tow the mooring raft. Tie the mooring rope to 2 pcs.
mooring block using two types of knot (clove hitch & fisherman’s knot). Tie the 10 mm
pe rope 30 meters length to T1 polystyrene float to measure the parallel
and perpendicular distance before dropping. Repeat the same procedure
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for T2, T3 and T4 to complete the 16 pcs. concrete mooring blocks. See figure below.

On corner points of the grid. Tie the 10 mm pe rope 42.5 meters length to T1
polystyrene float to measure the corner distance before dropping. Repeat the same
procedure for T2, T3 and T4 See figure below.
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8. For the remaining 12 pcs. concrete mooring blocks, tie the mooring rope eye to
concrete mooring block tire rim. Insert the eye on the mooring rope line, then pull the
rope going to the drop point. When the mooring rope line is already in vertical position,
drop the concrete mooring block. Add 1 pc. concrete mooring block for the 12 points to
complete 3 pcs. mooring block per point. See Photo no. 8 and figure below.
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Photo no. 8 
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Fabrication of Grid mooring system:
1. Cut 4 pcs. 28mm diameter polypropylene rope by 25 meters length for grid line rope.

Burn both ends of the rope using butane torch to avoid fraying. See Photo no. 1

Photo no. 1
2. Tie together 3 pcs. used tire rim using 6mm Pe rope for grid ring. Make 4 pcs. for T1,

T2, T3 and T4 for one (1) grid cell mooring system. See Photo no. 2.
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Photo no. 2

3. Make a cross-section on the grid ring using 16mm PP rope for drum floater tying. See
Photo no. 3.

Photo no. 3
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4. Connect the 28mm grid line rope on the grid ring for T1, T2, T3 and T4. Make sure to tie
the rope by clove hitch knot and fisherman’s knot, then insert the end rope. See Photo
no. 4A and 4B.

Photo no. 4A

Photo no. 4B 
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5. Drum floater preparation for T1, T2, T3 and T4
a. Remove the cap of the drum, then clean the threaded part using a dry clean cloth.
b. Apply the silicone sealant to avoid water to enter the drum floater.
c. Make 4 pcs. bag net for drum floater using 16mm PP rope.

For 1 pc. bag net, cut 4 pcs. 16mm PP rope by 7 meters length. On the midpoint of
the 1 rope, join other 3 ropes by inserting across each other to make a diamond
mesh 8 inches knot interval.

d. Insert the fabricated rope bag net to the drum floater. See Photo no. 5A

Photo no. 5A 
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e. Tie the bag net drum floater to grid ring 1 meter apart. See Photo no. 5B.

Photo no. 5B 
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Installation of Grid mooring system:
1. Load the assembled grid mooring to the raft, then tow using a boat going to T1

polystyrene marker. See photo no. 1

Photo no. 1

2. Tie the 3 pcs. mooring rope line to grid ring for T1. Repeat the same procedure for T2,
T3 and T4. See Photo no. 2
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Photo no. 2

3. Align the grid mooring system and remove the temporary grid marker. See Photo no. 3
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Photo no. 3

4. During the peak low tide, align again and tighten all mooring rope line to final lock knot
(clove hitch and fisherman’s knot).
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Installation of 10 meter HDPE cage:
1. Cut 4 pcs. 24 mm polypropylene rope by 16 meters length for cage line rope.
2. Tow the cage using a boat with engine, from the shoreline going to the center of the

grid. See Photo no. 2

Photo no. 2

3. Tie the 4 pcs. cage line rope to grid ring (T1, T2, T3 and T4). See Photo no. 3
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Photo no. 3

Actual photo of installed HDPE cage with grid mooring system in Kijiweni
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Installation of Nursery and Cover net:
1. Load the nursery net, cover net and net weights to the raft, then tow using a boat going

to the HDPE cage installed. See photo no. 1

Photo no. 1

2. Cut 12 pcs. 10 mm pe rope by 9 meters length for suspension rope.
3.
4. Attached the 12 pcs. concrete net weight with suspension rope and quick release hook.
5. Install the nursery net by tying the 12 pcs. vertical rib line on HDPE cage. Make an eye

at the bottom of vertical rib for quick release hook attachment.
6. Attach the 12 pcs. quick release hook on the eye of the vertical rib at the bottom. See

figure 1 and figure 2.
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7. Install the cover net including the center drum floater. See Photo no. 7

Photo no. 7
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8. Together, tie the nursery and cover net circular rib to HDPE cage. Use 5 mm or 6 mm
pe rope.

9. Insert the tensioner rope to HDPE cage to fix the net. See photo no. 9.

Photo no. 9
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Procedure on how to change net:
1. Release the 12 pcs. hook from the vertical rib rope eye at the bottom of nursery net.
2. Insert the grow-out net from the bottom of nursery net until fully covered.
3. Tie 12 pcs. upper vertical rib to HDPE cage.
4. Attach the 12 pcs. quick release hook on the eye of the vertical rib at the bottom of

grow-out net, to avoid the fish stock to entangled on the net.
5. Unfasten the rope for nursery and cover net. Then simultaneously fasten the rope for

grow-out and cover net to prevent the fish stock from coming out of the net.
6. Slowly, full out the nursery net from the cage.
7. Continue to fasten the grow-out and cover net until the HDPE cage is fully covered.

Cage operation and maintenance:
The first rule to be followed for cage operators is to pay attention to the installation and
maintenance of all the cage components. Marine environment has a high number of physical
(static and dynamic) forces acting on the cage structure which is constantly in motion. This
motion affects everything on the water surface or submerged. For optimal management of
floating HDPE cage, there should be a record-keeping to keep track of the activities for
maintenance and replacement of all parts overtime. Periodic inspection is needed, some parts
should be inspected daily, and others have to be subjected weekly or monthly.
List of fish cage parts for inspection:

1. Daily – Nursery net/ Grow-out net & Cover net
2. Weekly – Concrete net weight and suspension ropes
3. Monthly – Grid line rope, Grid ring and Drum floater, Mooring line rope and Concrete

mooring blocks

Net mending on site:
Damage net with fish stock can be repaired by a diver with scuba tank.

Removal of rope slack:
1. Unfasten the mooring line rope to grid ring. Then pull the rope to retighten again.
2. Fasten the tension buoy on the eye provided at the midpoint of the mooring rope line. A

Diver with scuba tank can do this activity. See photo no. 2.
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Photo no. 2.
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Procedure for system expansion from the current one cage grid mooring system to
three cells grid mooring system:

1. Fabricate additional 26 pcs. concrete mooring blocks.
2. Fabricate additional 2 grid cells 20 meters by 20 meters.
3. Unfasten mooring line rope MR1, MR2, MR3 & MR4 as shown in figure below.
4. Remove/Retrieve 12 pcs. concrete mooring blocks as shown in figure below.
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5. Add additional two (2) grid cells.

6. Fasten the mooring line rope MR1, MR2, MR3 & MR4 as shown in figure below.
7. Relocate the 12 pcs. concrete mooring blocks as shown in figure below.
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8. Cut 4 pcs. polypropylene 24 mm mooring line rope for MR5, MR6, MR7 & MR8
9. Haul and drop the additional 26 pcs. mooring blocks as shown in final design below.
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Appendix: 5 meter cage system (Design & Specification)

For more information please visit our website at http://www.inca.com.ph or contact the
following personnel:

Engr. William B. Reorizo Jr.
INCA Philippines, Inc.
Assistant Vice President for Projects
e: don_reorizo9@yahoo.com.ph
m: +63 967 669 2829
v: +63 967 669 2829
t: +63 2 809 2730
f: +63 2 809 1108
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APPENDIX 10 

Materials for Presentation on the Kenyan Fisheries 

Situation and Debriefing for the 1st Third Country 

Training (Seychelles) 



Appendix 10-1: Fisheries Situation in Kenya Presented by Kenyan Participants in the First Third Country Training 
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Appendix 10-2: Return Debriefing Material for the First Third Country Training in Seychelles 

A10-13



A10-14



A10-15



A10-16



A10-17



A10-18



A10-19



APPENDIX 11 

Materials for Presentation on the Kenyan Fisheries 

Situation and Debriefing for the Second Third Country 

Training (Zanzibar) 



Appendix 11-1：Fisheries Situation in Kenya Presented by Kenyan Participants in the Second Third Country 

Training in Zanzibar 
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Appendix 11-2: Return Debriefing Material for the Second Third Country Training in Zanzibar 
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APPENDIX 12 

Video Book 



Video Book Titles 

No Title Link (Limited Access) 

1 Dry Dagaa Fish Processing https://youtu.be/9W2v20N9oyU 

2 Fish processing at Huawen https://youtu.be/iiG8fK-70bA 

3 Fisheries Management and Development Practice Lecture https://youtu.be/fUG26Hp-KNs 

4 Kijiweni HDPE cage system https://youtu.be/8PE6PBBDwMs 

5 Mariculture pond farming in Kibokoni https://youtu.be/WKWOHOJCfJA 

6 Offshore Fishing Techniques https://youtu.be/EkXt_moBWI4 

7 Quality Control Fish Testing Laboratory https://youtu.be/fp54EJg2ikI 

8 Seaweed farming and processing https://youtu.be/8KoB7bDYJSc 

9 Seaweed farming lecture https://youtu.be/ksdwhKoifGA 

10 Solar Cool and Drying Facility in Mwazaro https://youtu.be/Ue5KU2nVJXc 

11 Fishing Gears and Techniques - Lecture https://youtu.be/NlC4JqsNc1A 

12 Fish processing in Kenya - Lecture by KFIC https://youtu.be/9iXfueTnGxk 

13 Crab farming in Kenya https://youtu.be/ehHfC06_0C0 

14 Banca Boat https://youtu.be/iMozQSdFnrI 

15 Sea harvest https://youtu.be/WNEDvjzPQ-4 

16 Fisheries Climate change - Pascal Lecture https://youtu.be/A2EbLZxx1eQ 

17 Mariculture Development in Kenya - Lecture https://youtu.be/L6dVkQ6n0w0 

18 Status of fisheries resources and lost opportunities - Lecture https://youtu.be/xjJfyv4ZqCc 

19 Cage Lecture https://youtu.be/r7NbRQV7sSY 

20 KWS Lecture https://youtu.be/cM9Tg_Yg3nw 

21 Ocean Governance and Marine Management https://youtu.be/dmnBP_GFbl8 
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APPENDIX 13 

Wrap-up Seminar Handouts 

(Project Overview, Brochure, Program) 



Appendix 13-1: Project Overview 
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Appendix 13-2: Brochure
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Appendix 13-3: Program for the Wrap-up Seminar 
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