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This is not a how-to-do-it manual with complete detailed instructions. It is, rather,
an overview that will give you an idea of what information, materials, tools, and
skills are needed if you should face a similar project. Boat repair manuals are
available from epoxy manufacturers and suppliers like WEST System and
www.JamestownDistributors.com.
The procedures for restoring a composite boat hull can also be used to fix most
other types of fiberglass, Kevlar, or carbon fiber parts like auto bodies, bathtubs,
sports equipment, and so on. The severely damaged canoe shown here requires
much more extensive reconstruction than most repairs. And although the
description is targeted at canoe enthusiasts, you can just use the sections you
need. To skip the preliminary canoe background and read just the information on
composite repairs, scroll to Chapter Two - The Hull Restoration Process. You can
also skip Chapter Three which is on replacing broken gunwales and thwarts to
complete the canoe rebuild.

CHAPTER ONE - THE CANOE
Those of us who build things are often tempted to fix something that is broken
rather than consign it to the trash heap, especially if that something is, or once
was, a thing of beauty. There are canoes that certainly fit that category. And so I
made room in my shop for a small, almost new, Kevlar/carbon ultralight solo
canoe that had been nearly broken in two in a whitewater accident. I bought it as
salvage. And, given the severity of the damage plus materials and labor to repair,
a sane person might have saved his time and money and passed it by. However,
the process is instructive and the results can be rewarding.
The canoe is a Hemlock Canoe Works Nessmuk XL in Premium Plus trim, length
11’ 10”, beam 28”, depth 11”. It is in the style of the little, double paddle, solo
canoes made in the 1880’s by J. Henry Rushton for the Adirondack trips and long
portages of 19th century outdoor writer George Washington Sears, who wrote
under the pen name “Nessmuk.” Canoe builder and collector Ralph Freeze,
proprietor of Chicagoland Canoe Base, once called me Nessmuk during a heated
conversation. For a long time my canoe interest had been almost exclusively solo
canoes. He was proudly showing me some big, heavy, tandem canoes, while I
was trying to convince him that I was looking for solo canoes. Ralph was
unsympathetic.
Ralph: “Any canoe is a solo canoe if you paddle it solo!”
Me: “Well, whether paddled solo or not, a tandem canoe still has the size and
weight and large wind profile of a tandem canoe. A true solo canoe is a canoe
that can only be paddled solo. When I’m going alone, I’d rather not portage and
paddle more weight than absolutely necessary.”
For a moment Ralph had no comment, a rare occurrence. He stepped out the
door to look at the narrow Kevlar solo canoe on top of my van. “That’s a racing
canoe,” said Ralph. “Not at my age,” I replied. “But it is nice for long wilderness
trips.” Then he declared, “you’re Nessmuk!” I wasn’t certain if that was meant to
be a derogatory epithet or an honorific. But after that, he proceeded to give me
and my wife, Carrie, a lengthy, warm, and very enthusiastic tour of his workshop,
current boat projects, and antique canoes.
The Hemlock Nessmuk XL is scaled up a bit larger than the Rushton models on
which it is based, and that is okay with me. The extra length will make it slightly
faster; the extra volume will be handy for fishing, wilderness camping, and my
safety flotation system. I can reduce gunwale height, and perhaps slightly

increase tumblehome, to better suit my size and weight. It is very similar to
Dragonfly, one of my smaller canoe designs.

“Nessie’s” advertised weight, for the Premium Plus version, is 22 lb.; she checks
in at 23.5 lbs. on my digital scale. This seems reasonable, allowing for some
manufacturing variation and scale error. Stripped of the ash thwarts, broken ash
gunwales, walnut decks, and stainless steel screws, the bare hull weighs 15.8
lbs. Although the repair will add a little weight, I can save some weight by making
lighter gunwales, thwarts, and decks. This was a very spartan canoe, no foot
braces or lining holes. Such pack-style canoes were meant to be propelled by a
double blade paddle from a low seated position in the manner of a kayak. On
“Nessie,” a simple foam pad glued to the floor serves as a seat, and no back rest
graces the thwart behind the seat. On the plus side, there are small flotation
chambers built into the ends, well worth the slight extra weight. The hull has a
gelcoat outer layer which adds some unnecessary weight, but there is no help for
that. Besides, the gelcoat will help make external repairs less obvious.
CHAPTER TWO - THE HULL RESTORATION PROCESS

This restoration project is an interesting challenge and would actually be fun
were it not for all the grinding and sanding of annoying materials like gelcoat,
Kevlar, epoxy and carbon fiber. Great care must be taken to avoid breathing the
dust. A good respirator is my almost constant companion accompanied by much
vacuuming of the shop and washing of clothing and skin. Much of the work is
done outdoors when weather and temperature permit.

First the broken ash gunwales and walnut decks are removed. Fortunately, they
are attached only with screws. However, the screws in the decks cannot be
removed without breaking the screws. But I plan to discard the gunwales and
decks anyway. Next, the hull is cleaned inside and out with acetone to remove
anything that might compromise epoxy bonding.

The inner hull surface is coarsely sanded in the areas requiring patches. In some
places a Dremel tool is used to remove material so the hull can fit back together.

Flexible 1/4” thick plywood battens are variously clamped, screwed, and stitched
to the outside of the hull. Before putting them in place, the battens are first
covered with plastic package tape. Epoxy will not adhere to the tape, so the
battens will be easy to remove. The battens temporarily hold the broken hull
pieces back together aligning them into the original contours of the hull shape.

Kevlar patches, 5 ounce plain weave cloth, are cut several inches larger than the
broken and damaged areas and then bonded into place in the interior using
WEST epoxy. After wetting out the Kevlar cloth, the patches are covered with
polyester cloth peel ply.
In manufacturing, fiberglass hulls are generally made with polyester resin, and
Kevlar hulls are generally made with vinyl ester resin. However, epoxy is easier
and less hazardous to use for repairs. It is also stronger. Epoxy will bond well if
the area to be repaired is very well sanded with course sandpaper.
This hull has an outer layer of white gelcoat. Under that is a layer of fiberglass.
Next is a layer of Kevlar, which is extra thick in the bottom. The innermost layer is
a hybrid cloth of Kevlar and carbon fiber which provides a decorative pattern
visible throughout the interior. I could have made the interior patches out of

hybrid Kevlar/carbon to match the interior and make the patched areas a bit less
obvious. But I had Kevlar on hand; it is ideal for its toughness and light weight.

The hull is now knitted back together into the shape of a canoe.

The broken, damaged, and cracked areas are sanded from the outside removing
all the layers down to the hybrid cloth layer or the interior Kevlar patches. The
sanded areas make valleys that bottom out at the interior Kevlar where the repair
joints are. They then taper gradually upward and outward for several inches and
are feathered into the outer surface toward their edges.
Next, several layers of 5.7 ounce carbon fiber cloth are bonded in place to
replace the hull material that was sanded away. I used twill weave because I had
some on hand; plain weave would be fine. A layer of peel ply is added and
squeegeed into the resin, and a breather layer (a piece of old blanket will do) is
added to absorb excess epoxy. The carbon fiber is vacuum bagged to insure a
strong, tight, light weight bond. Don’t worry if you don’t have a vacuum pump;
your repair is likely to still be plenty strong without vacuum bagging.

Carbon fiber was used because it is strong, stiff, and readily sanded. Kevlar is
tougher and more resistant to puncture, a nearly ideal material for hull cores. But
it does not sand well, making it a poor choice for the outer layers of this type of
repair. Fiberglass, although it sands well, would not be as strong or stiff for
repairing this thin, light weight hull. Fiberglass could have been used if the

interior Kevlar patches were thicker and heavier. And fiberglass, being
translucent when bonded with epoxy, would make repairs less visible.

After the exterior carbon patches are cured, or almost cured, the peel ply is
removed. It sometimes takes a bit of force to peel off the peel ply cloth.

Above, another area in the bottom of the hull is sanded and ready for layers of
carbon fiber cloth and epoxy. The black area on the left is already patched.

A hose connects bagging film to a vacuum pump. Air pressure compresses the
cloth and resin firmly into the repair area creating a strong lamination.

The exterior patches are carefully sanded to the original contours of the hull.

Epoxy resin was thickened with WEST 410 microlight filler and used as a fairing
filler to level a few low spots. Long, flat sanding blocks are helpful to keep the
sanded surface from becoming wavy.

Patched areas are sanded with progressively finer grits, finishing with 220 grit,
and then covered with gelcoat to match the original white hull color. Epoxy is

degraded by the ultraviolet radiation of sunlight, so it needs the protection of
pigmented paint or gelcoat. When a clear finish is desired, like over woodwork,
UV resistant WEST 207 hardener can be used with WEST 105 resin, followed by
several coats of a good UV resistant clear marine varnish. Most of the materials
needed for this repair can be found at: www.JamestownDistributors.com.
Gelcoat can be put on by spray, roller, or brush. I chose to brush it on using 2”
foam brushes. It took five medium thin coats to hide the dark carbon repairs.
After curing, the gelcoat was sanded with progressively finer grits and polished.
The bare hull weighed 15.8 lbs. before repairs and 16.2 lbs. after, so the repairs
add only .4 lbs. which is mostly the interior Kevlar patches. That’s not bad given
the severity of the damage.
Some small areas in the white hull show slightly darker where the gelcoat is
sanded thin over the black carbon fiber. To totally hide those areas would require
much more gelcoat and add more weight than I would like. At some future time I
might choose to paint a design on the hull that hides those areas. For repairs
where weight is less critical, one can just add more layers of gelcoat.
CHAPTER THREE - COMPLETING THE CANOE, GUNWALES AND THWARTS
The broken ash gunwales required some decisions. I could have put in new
wood with scarf joints to replace the broken areas, or made new gunwales to
match the originals. However, I was not happy with the weight of the ash
gunwales. The hull is already heavier than I’d like due to the gelcoat and a layer
of fiberglass. I decided to use western red cedar to make light weight gunwales.
Later, I might decide to cover the cedar in fiberglass or carbon fiber if more
strength or stiffness seems desirable.
Another decision is whether to finish the canoe to its original dimensions, or to
lower the gunwales to suit my size and needs. Rushton’s 1903 catalog lists his
Nessmuk solo canoe dimensions as length 10.5’, beam 27”, depth at ends 15”,
depth amidships 9”, and weight 18 to 22 pounds for the lapstrake wood
construction. The dimensions of Rushton’s original 1880 Nessmuk canoe were
length 10’, beam 26”, depth at center 8”. Keep in mind that Nessmuck was a
small man, 5’ 3” and about 110 lbs., and a minimalist when it came to carrying
camping gear. A larger and heavier person requires a larger solo canoe to carry
the weight and remain seaworthy. At 5’ 7” and 150 lbs. I would ideally use a
slightly larger canoe than Nessmuck, but the Hemlock Nessmuk XL is really
sized for someone larger yet. With a seat on the floor and a depth amidships of
11”, it will probably require me to make an unpleasant reach over the 28” wide
gunwales to use a double paddle. My other solo canoes also have depths of

10.5” to 12” but employ higher seats as well as extreme tumblehome, sloping
decks, or a wasp waist to achieve pleasant, ergonomic paddling. Nessie doesn’t
have those sophisticated hull features, and, unlike a kayak, one must reach over
and beyond gunwales spaced widely apart. This can be done with a very long
double paddle, but that also means a heavier and more tiring paddle, which I
want to avoid. Therefore, depth amidships at the paddling station needs to be no
higher than absolutely necessary. Nessie will need minimal freeboard since my
mission for her will be small to mid size lakes and class 1 rivers. I have other
canoes and kayaks suited for whitewater, ocean paddling, and long distance
wilderness travel.
I calculate that Nessie will draw about 3.5” of water with my 150 lbs. plus the
heaviest load of camping gear I would likely carry in her. Round off to 4”.
Historically, small pack canoes were readily paddled with 5” minimum freeboard,
or reserve buoyancy. So, 9” depth amidships is quite adequate. Assuming I can
raise the seat slightly, or shorten the thwarts to add a little tumblehome, I settle
on a depth of 9.5”. I would also like to lower the ends to reduce windage. The
end flotation chambers prevent lowering more than .5”, but I can do that much.

Cedar gunwale layers were milled, scarf jointed to the required lengths, and
bonded to the hull. Above, an inwale is being clamped while the epoxy cures.

The hull is trimmed down to the new inwale location, reducing depth amidships
from 11” to 9.5”. Cutting Kevlar can be a chore that dulls saws quickly. A small
circular cutoff saw blade in a Dremel tool was used to trim down close to the
inwale. Then, as shown above, a laminate trimming router with a bearing guide
carbide bit was used to trim the remaining hull material flush with the gunwale.

On the outside of the hull the gunwale area was masked off and the gelcoat
sanded off to prep the hull for bonding. Along with clamps, a few screws were
used to hold the outwales in place. The screws will stay in place for extra
security. I can do some test paddling before deciding whether to just varnish the
cedar or cover the gunwales with fiberglass or carbon to increase stiffness.

Tubular aluminum thwarts save weight, add strength, and require no
maintenance. After cutting to length, the ends of the tubes are pressed flat in a
vice, and holes are drilled in the ends for attachment bolts.

To attach thwarts, right angle aluminum brackets are screwed to the gunwales.
Stainless steel bolts hold the thwarts to the brackets. The cylindrical shape of the
1” diameter tubular thwarts makes it easy to install a small, pivoting backrest, as
described in my canoe building book.

The front thwart is attached to wood block spacers that lower the thwart so that it
can do double duty as a foot rest. When paddling from a low seated position, foot
rests help transfer power more efficiently into forward motion. The aluminum
brackets have several holes so that the thwart foot rest can be repositioned fore
and aft to suit leg length and comfort. While commercially available adjustable
foot rests are most convenient, using the thwart as a foot rest is the lightest
weight option. And speed of adjustment is no concern unless people of very
different sizes will use the canoe regularly.
After test paddling, I decided to use thwarts that provide the original, full 28”
beam. That provides enough stability to allow me to raise the seat 2” which is
more comfortable for my aging back and more pleasant for fishing and long
hours on the water. A closed cell foam pad placed on top of the stock .66” seat

pad is all that is needed. The 9.5” depth amidships turned out to be just right for
using my favorite 220 cm and 225 cm double blade paddles.

Nessie is ready for paddling. She only needs to have the gunwales sanded and
finished to be as functional as new and almost as pretty. There will be more
opportunities for tinkering, however, because some outfitting is needed. And the
interior patched areas might eventually get painted.
Finished weight of the canoe, without any extra outfitting, is exactly 20 lbs. So, I
succeeded in trimming 3.5 lbs. off the original weight. It will be easy to car-top
and portage into old age.
On the water, tracking is quite good while turning takes a bit of effort. Handling is
predictable. She rolls, or tips, rather easily, but secondary stability is adequate
due to the low seating position. In calm waters I can use a 5” seat height. But 3”
is safer and quite comfortable compared to the stock .66” high seat pad. The
thwart can be used as a backrest, but that gets uncomfortable quickly. A foam
pad between the thwart and my PFD was very helpful. A small backrest, like the
one designed for the Wasp canoe, will be better.
Like other small, light canoes she accelerates and decelerates quickly. Speed
and efficiency are similar to canoes of like length and beam. She seems a bit
less stable, but a bit faster, than my Pakboat Puffin. She’s also more comfortable
to paddle due to the lowered gunwales. It doesn’t take much effort to maintain a
good cruise speed. But maximum hull speed is relatively low and easily reached.

And no amount of vigorous paddling will make her go much faster. Still, she will
definitely fill the bill for many recreational uses. On the river, gusty winds of 12
knots gusting to 20 didn’t faze her. There didn’t seem to be much inclination to
weathercock. But stronger wind and wave must be approached with caution.
The bottom of the hull, with it’s extra layers of Kevlar, seems moderately tough.
I’d be willing to take her into some class 2 whitewater if I don’t mind the scratches
or getting swamped occasionally. Strength wise, the gunwales and upper hull are
more questionable. Ultralight pack canoes are delicate; being careful with them is
the requisite price of their easy portability.
This canoe is light and functional, although spartan, as supplied from the
manufacturer. It will benefit from some outfitting to increase comfort, efficiency,
and range of utility. To that end, I plan to add a small pivoting back rest for the
thwart, a rod holder, and four-point self-rescue flotation. A major omission of the
stock canoe is that there was no convenient place to attach lines or painters. The
ideal attachment is a watertight rope hole a few inches above the waterline at
each end. This is desirable for tying the bow and stern while carrying on top of a
car, tying to shore or anchoring, and tying down outdoors to secure against wind.
I’ve seen canoes get blown across lakes and impaled on broken tree limbs.
Ropes low on the ends are also needed for lining through rapids or for
emergency situations. I was able to recover some swamped canoes for their
owners only because they had a line tied on. All these modifications are
described in my canoe building book.
One of my ultralight portage yokes can also be adapted to Nessie for longer
carries. While a portage yoke might seem beside the point for very light canoes,
the truth is that nothing beats a comfy yoke on a long, rough carry. It is easier to
carry a canoe with a good yoke than to carry a much lighter canoe without one.
So, was the restoration worth it? In a way, I suppose it is a toss up cost-wise. It
didn’t consume a large quantity of materials, and most of those I had in the shop
as leftovers from other projects. I didn’t need to buy much more beyond a pint of
gelcoat and a resupply of some epoxy. Labor, on the other hand, is something
else. I could have used the time to produce income and used the income to buy a
similar new canoe. However, by restoring the canoe I got to modify it more to my
needs and liking. And the process is both interesting and fun, except for all the
messy and unpleasant sanding and grinding of gelcoat, resin, and Kevlar. But
that is over and Nessie will provide enjoyment on the water for years to come.
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