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Sculpting Earth, Capturing Energy 
Toby Hemenway 

REARRANGING THE SURFACE of the Earth with 

heavy equipment-or even by hand-is one of the most 
controversial aspects of permaculture. What an act of 

judgment it is to declare that the shape of our Mother Earth is 

imperfect. And then to compound this with an al:t of hubris-lo 
say that we have the wisdom 10 know what a better-formed Earth 
may be-risks calling down the forces of nature upon us to 

quickly undo all our works and leave us worse off than before. If 
we look .it the consequences of most earth engineering, such as 
Egypt's Aswan Dam, the Colorado River projects, or even your 
local mall's parking-lot runoff, the mistakes glare at us. 

From the standpoint of energy consumption, too, most 
earthworking projects are unsust,tinablc. Dammed lakes silt up 
and must be dredged, roads slide down hillsides and need almost 
yearly resurfacing, and the fuel and horsepower required for this 

maintenance is enormous. 
Why, then, is earthworking rnnsidered an integral part of 

permacul ture? 
First, much of permaculture's earthmoving is repair work 

performed to heal the damage wrought by previous ill-thought
out rampages of machinery. Rarely me we dealing with virgin 
ground, but more often on eroded, soilless. trt!elcss, or scrubby 
earth that has been worked to exhaustion by previous occupants. 
It's not usually the unblemished skin of our Mother that we scar 
with our equipment, it's a worn-out husk that can be renewed and 
reinvigorated by kindly, thoughtful, ;md careful treatment. The 
immediate aftermath of earthworking is often shocking, but when 
done intelligently, the bare soil heals in a season, and the rejuve
nated, revitalized landscape :md the burgeoning of surrounding 
life prove that the action was the right one. 

Second, even though we always attempt to make the least 
intervention for the largest effect, if the scale of damage is large, 
that point of intervention may cover a broad part of the land
scape. When :1 whole hillside is slipping away, a shovel may not 

be enough 
Third, much of permaculturc·s e.irlhworking aims at slowing 

the erosive force of water, and coaxing that water to percolate 
into the earth to be stored and to build soil. Instead of helping to 

drain the land as do virtually all roads and most other 
earthworking, we're slowing the flow of water, luring it out of 
gullies and ravines back onto broad ridges where it will nourish 
humus and funher bolster the already capacious ability of soil to 
hold moisture. This is earthworking in service of the E.irth, and 
done for the long haul. 

And being for the long haul, the energetics are more favorable 
than the usual "bulldoze, build, and maintain" cycle. If the energy 

and resources harvested over the life of an earthworking project 
are more than those consumed in its construl:tion and mainte
n.incc, we all come out ahead. 

Earthworking and energy, then, are !inked, and we have tied 
them together in this issue of Permarnlwre Actil'ist. This volume 
is dominated hy progress reports, field studies. and hard-earned 
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lessons from practicing permacu!1urists: it's a hands-on issue. and 
many of the ~1uthors actively welcome feedbal:k and correspon
dence from those engaged in or hoping to undertake similar 
projects. May these articles provide the inspiration you need to 
mo\'e to the next level in your work, whatever I hat may be. 

Once ag.iin I thank Peter Bane for letting me _take the reins of 
the Actit·i.1·1 for another issue. The reins slipped for a bit: the 
permaculture book I have just finished writing-today its title is 
Rep/w11i11g Parm/i.,·(• but tomorrow my publisher may change it 

ag,tin-took over my I ifc for a longer time than I had anticipmed, 
but the manuscript is safe now in the l:apable hands of my editor 
and the design staff at Chelsea Green. So when the autumn 
clouds and rain moved in again after a long summer in Oregon, I 
was finally able lo turn toward work on this magazine. I hope you 
find it worth the wait. 

The issue marks another change for Pcrmarnlture Aclii'isl: 
With the exception of one or two pages, it is being printed from 
electronic copy, rather than by the older paste up and shoot 
method. This should yield clearer type and sharper graphics. ~ 

A Note from the Publisher 

As Toby Hemenway h;1s htbortd fai1hfully 10 assemble this 
issue, we have turned our attention to a range of other ma 
including the financial well-being of the magazirc and its 
place in a changing community of i ntercst. October found us 
headed north and west on a month-long odyssey across the 
U.S. and Canada by rail. Our go.i!s were m.inifold, not least 
to take the pulse of a far flung network .is the century draws 
to its formal close. 

Attending the I I th Annual B ioneers Conference, he!d this 
year in Marin County. California, g.ive us a good overview of 
the ecological design, restoration, and soc i,d al:Li vist commu
nities. Bionecrs is a hotbed of innovation and good news in 
culture, hcnlth, agriculture, environment, nature, and spirit, 
and-.is founders Kenny Ausubel and Nina Simons point 
out-a "'big tent" under which many progressi vc all ics can 
discover common ground. The list of presenters was, to rnr 
mind, stellar, and had enticed us to make the long journey 
westward. Joel Sa!atin, whose Po!yface Farm continues to 
pioneer new designs for eco-farming, launched the first day's 

plenary session with a rousing reminder that the family farm 

P11blisl,er's Note co111i11ued 01111agl' NN 
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Capturing and Using Wild Water 

The Well-Built Spreader Drain 
Christian Meuli 

A SPREADER DRAIN ;, a gently slop;ng sp;llway that 
carries water laterally across the high end of a landscape, 
allowing a thin sheet of water to overflow all along the spillwa y 
edge. It can tame the devastating force of channelized wnter 
sluicing onto a site from a culvert, arroyo, or roadside bar ditch, 
transfonning the water from destructive force into a controlled 
and valuable resource. A spreader drain diff ers from a swale: 
While a swale is a depression dug on contour to contain water 
and allow it to soak into the earth locally, a drain is a furrow that 
leads water off contour, moving it from one place to another. My 
understanding of spreader drain s evolved through a series of 
experiences with earth, water, and vegetation-and unexpected 
challenges from other humans. 

My education began when I was searching for a safe way to 
harvest rich local topsoil to use in five-gallon pots for small 
trees. I realized that by digging a swale on contour in a well
grassed area I could harvest a large amount of topsoil without 
creating any risk of erosion. Traditional swales have a berm of 
loose dirt downhill, which can erode even if firmly packed, 
whereas the undisturbed edge of my swale allowed the water to 
overflow evenly and gently without risk of washing out. When 
well mulched, this swa le also became virtually invisible. 

I teamed that this conc ept was sim ilar to work done by folks in 
Australia. In 1994 I had the good fortune to hear Guy Baldwin 
lecture in New Mexico on the Keyline system. He 
described the drains that Y.A. Yeomans and his 
family created in Australia by throwing the exca-
vated dirt uphill rather than downhill. The se drains 
provided a variety of benefits while moving water 
safely from a farm dam overflow to a lower dam. 

In 1996 an opportunity arose to create a spreader 
drain on my undeveloped 20-a cre site in Indian 
Hi~ls, New Mexico. One day after a heavy summer 
rain, I almost got stuck in this high -plains desert 
while driving on what previously had been very dry 
soil. A neighbor had starte d developing a subdiv i
sion uphill from my site. The bar ditch next to his 
new gravel road had collected the surface water 
from over fifty acres of land and concentrat ed it on 
my site, creating a quagmire. 

co put a 24-inch culvert under the future road that would connect 
to this new gravel road. I app roach ed my neighbor to see if he 
would place a culvert where it would benefit both of us. He 
agreed. I located a spot where the bar ditch water could be 
directed easily into a culvert and delivered onto a corner of my 
property as high as possible in the landscape. This would 
become the head of the spreader drain . 

l visualized my spreader drain to be a low-profile earthwork 
that wou ld move huge amounts of water along its entire 700-foot 
length. It would allmv a great deal of water to soak in before 
overf:lowing even I y all along the drain's down-sl ope edge, 
causing no risk of erosion . 

Since I didn ' t know how to slope this drain, I began perusing 
Bill Mollison's Designer'.1· Manual and found more than a page 
on spreader drains and related earthworks (pages 169-170). He 
recommended a slope of I :600 to I: J 500 (a drop of 0.8 to 2 
inches in 100 feet) on most soils and up to I :6000 (a 0.2-inch 
drop in l 00 feet) in areas with f,ine sands. I guessed that a slope 
of 1: 1200 (a I -inch drop in I 00 feet) on my heavy caliche-clay 
soil would suffice. 

Beginning tlie Work 
I hired two neighbor boys, ten and thirteen years old, to help 

do the bunyip work (a bunyip is a water level consisting of two 

' :~ ', .. :J.,\ 

Seeing this over-concentration of a resour ce (the 
"pollution" of water in the desert!}, I began consid 
ering ways lo spread it over a much larger area, 
rather than allowing it to concentrate in a useless 
mud-hole or cause an eve ntual washout. I learned 
that the county engineer was requiring my neighbor 

The fir.st step in laying out a spreader drain: Chris Meu/i' .r young neighbors 
and their dog btmyip a contour line across a 3% slope on the aurhnr' .f proper(y 
in high-desert New Mexico. 
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measuring sticks connected by a clear plastic tube filled with 
water). After understanding how accurate the readings needed to 
be (within ] /8th of an inch of level every 25 feet), they confi
dently proceeded to identify the seven -hundred-foot-long 
contour, start ing at the outflow point of the future culvert. They 
placed highway flags every twenty-five feet, making a nice 
curve of fluorescent pink flags that could be seen easily from a 
distance. I knew we had an accurate con tour because the flags 
formed a curving line that matched the subtle topographical 
variations in the landscape. We reset several flags that didn't fit 
into the general curve due to minor local variations, so that the 
curves became broad and gentle. 

Next we bunyipped downhill from the hundred-foot contour 
tlag to a point one inch lower and placed a sentinel flag there. At 
the two-hundred foot contour flag we found where the slope · 
dropped two inches and placed another sentinel flag, and so on. 
This gave us an off-contour line that dropped one inch every 100 
feet, or 1: 1200. We 
could sec that the row 
of sentinel flags pulled 
away gradually from 
the contour flags , 
going imperceptibly 
downhill just as we 
would expect the 
I: 1200 slope to pull 

Sentinel flag 

1 . Original slope 

3. Final drain size 11 inches deep, 
16 feet wide 

flags, throwing the dirt uphill with the grader blade. On the 
return trip, we would throw that dirt further uphill creating a vee
shaped furrow almost sixteen feet wide. After five hours, we had 
thrown over three hundred cubic yards of dirt uphill! This 
created a drain with a center eleven inches lower than its 
overflow edge. We also had a flat berm above the drain that was 
almost a foot deep and over twelve feet wide. 

Ideally, the overflow apron down-slope from the flags is 
grassed, remains undisturbed, and is not compacted. All this 
makes erosion virtually impossible. If the overflow apron has to 
be disturb ed in any fashion, the soil must be evenly and firmly 
packed. I carefully supervised the roadgrader operator, making 
sure that he made his turnarounds up-slope from the spreader 
drain. 

The spreader drain was an enormous and beautiful piece of 
meandering earthwork. wandering throu gh the landscape like a 
fat brown snake lying in the gray buffalo-grass . Its natural 

appearance amazed 
even the grader 

Earth thrown uphill 

2. Early passes with roadgrader 

operator. He later 
commented that the 
dirt thrown uphill 
would "make a dandy 
road" that would 
never get muddy. 

The magnitude of 
the work alarmed my 
neighbor, who 
immediately cailed in 
several civil engi -

4. Uphill berm graded to form road, neers, who all 1old 
downhill overflow apron is undisturbed him it was going 

:1way gradually from 
the level contour. Then 
we eyeballed both 
curves and placed flags 
every twenty-five feet 
between the se ntinel 
flags so they mirrored 
the gentle curves of the 
contour flags uphill. 
Finally. we pulled out 

After the s,•111i11el ftags i1ulirnti11g tf,e drai11 ',1' I: I 200 slope are placed, the 
grader remm,es earth and places it above the drain in this sequence. 

uphill and would 
never work anyway 
because it wasn't deep 

all the flags that were on contour. I decided to be safely conser
vative and leveled the last two hundred feet of the drain , rather 
than risk a blowout during a heavy rain (this later proved to be 
invaluable durin g a two-inch cloudburst on top of saturated soil). 
I highly recommend that you sleep on the final design awhile 
and revisit the flags several times before doing the excavation 
because the concept is so subtle that minor details may have 
great impllcations. 

Throwing Dirt Arou,id 
I hired my neighbor's roadgrader operator, who was doing 

excellent, but conventional, work on the new grave l road . When 
I described the plan, he knew "exactly" what I wanted, and 
would have been happy to do the work withqut my being 
present! When I met him the next week to supervise the project, 
he was totally surprised at what I really planned to do . He had 
been doing excavation work for over twenty years and didn't 
believe you could move water without having a deep ditch 
somewhere. 

We began by grading deeply into the soil up-slope from the 

enough. He had his 
lawyer draw up a contract absolving him of all liability regarding 
the spreader drain. Whenever the document referred to "acce pted 
civil engineering practices'' I added ''and sound pcm1aculture 
design." We both signed it and he filed it with the county clerk. 
It was a thoughtful design that optimized natural patterns, 
utilized a waste product in a beneficial way, and incorpora ted 
features to prevent disaster. l was surprised to realize that other 
"earthworkers" didn't use these common sense principles in their 
work. 

The next week l checked out the promised 24-inch culv ert. I 
was aghast to discover that its crown was 36 inches below grade! 
It took me two weeks to calm my disbelief before calling my 
neighbor to learn his rationale . He staled that the civi l engineer 
recommended eighteen inches of packed dirt and eighteen inches 
of gravel above the culvert. The process of planning a road from 
the top down, rather than considering gravity, water and land
fonn as primary, puzzled me. I told my neighborthat it was a 
matter of time before the culvert would silt in and need to be 
replaced. He listened skeptically. 

Then I created a simple surge basin below the culv ert to 
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absorb the energy of the incoming water before it ent~red the 
spreader drain. A surge basin is a pond, often 12 to 18 inches 
deep, that utilizes the standing water in the pond to diffuse the 
kinetic force of the incoming water. This prevents the srnuring 
so often seen in arroyo~ and below culverts. A surge basin has an 
overflow sill that should be level with the inflow of the 
channelized water or the bottom of the culvert. Optimally the 
surge basin turns the water 30 degrees or more before allowing it 
to enter the head of the spreader drain in an even and controlled 
manner. 

The Spreader Drain in Action 
The next spring over an inch of rain fell on a soil saturated by 

unusually heavy snows. The spreader drain worked beautifully, 
gently distributing a tremendous amount of surface runoff in a 
thin film of water along its entire 700-foot edge, soaking areas 
300 feet downhill (nearly five acres). I was able to document this 
marvelous event with photographs. capturing this remarkable 
apparition of a sinuous body of water in the high-plains desert. 
Three years later the culvert silted in and only these pictures 
would finally convince my neighbor that the water was really 
not running from the spreader drain back up into the culvert. He 
paid for a new culvert and replaced it, again at the same depth 
(he still didn't get it!), and I paid to have it reset l 8 iches higher. 

The next year I planted a crenellated windbreak downhill 
from the spreader drain, allowing their curves to complement 
each other. I found the ground seventy feet down-slope to be 
easy digging and still moist at two feet, an unbelievable change 
from the previous twelve years. The windbreak's trees are 
thriving, and I have not had to water them since planting, despite 
increasingly dry weather over the past several years in New 

A 1•iewfrom the cull'ert of most of the 700-foot .fpremler drain 
after a heavy rain. The ove,flow apron is 011 the left (downhill); 
the excal'(1ted earth and road are to the right. 
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Mexico. Grasses and weeds have sprung up in the drain itself. I 
had wondered if they would impede the flow of water and cause 
damming and excessive silting, but the flows are sn slow and 
broad that this has not occurred. And the road above the drain is 
an excellent road indeed. 

The spreader drain is a useful intervention on several scales of 
magnitude. When I explained this concept to a geographer at the 
University of New Mexico, he realized that this would have been 
a perfect solution for a severe erosion problem he had witnessed. 
A residential subdivision had been created below a forest, with 
culvens directing the surface water from both areas downhil I. 
creating 10-foot-deep gullies that washed into Lake Michigan. 
He felt this situation would have been a perfect application of a 
spreader drain on a large scale. I dream what the Land of 
Enchantment might look like if this simple and elcgilnt design 
tool were implemented throughout our state. It could divert 
roadside water onto nearby hills, enhancing the sparse desert 
vegetation on their slopes, rather than letting water rush directly 
downhill, causing severe erosion. This concept is also well 
suited to the residential lot, to guide the runoff water from the 
roof and driveway away from the foundation to areas of vegeta
tion, including gently sloping lawns, before it has a chance to 
leave the property. A one-inch rain yields over 600 gallons of 
water per 1000 square feet of surface area! 

Spreader drains are simple and reliable earthworks when 
carefully designed and well e;v;ecuted. They can be used to divert 
water safely away from bar ditches, culverts, ponds, valleys, and 
arroyos into a variety of storage systems like soil, swalcs and 
even ponds. They add natural beauty to the landscape and 
enhance diversity by creating edge in an informal manner. 

There is a trade off between how much capacity a spreader 
drain should have so the water may soak into the earth locully, 
and how much water is allowed to overflow the apron. This is 
determined hy the slope of the land (the steeper the land the 
g~eater the volume of water the spreader drain should hold) and 
the area of land being serviced (the larger the area, the more 
water should overflow the apron). 

The dilemma of channelized water coming onto a site is often 
caused hy poor practices and designs up-slope. We can do little 
about the origin of the prohlem other than sensitively educating 
our up-slope neighbors. Fortunately, this water usually comes 
onto our site high enough in the landscape to offer a variety of 
design options. Below a spreader drain, swales can still be 
utilized to harvest precipitation falling directly on the land. 

Along with swales and ponds, I believe spreader drains should 
be one of the initial design considerntions on a site, because they 
will define how water is utilized in the landscape. Spreader 
drains will determine the siting of roads and windbreaks, and the 
placement of subsequent design elements and structures will 
follow naturally. · 11 

Chris Meuli practices family medicine, Qi Gong and enjoys 
walking in rite moonligf1t. He hopes to learn to juggle five halls 
before turning fifty next year. To di.1·rns.1· the spreader drain 
concept or j(Jr help in desig11i11!{ one. contact Chris at 
cmeuii@pol.net or P.O. Box 759 Edgewood, NM 87015-0759. 



PERMACUL TURE DESIGN COURSE 
in the 

Andean Patagonia of Southern Chile 
February15-28,2001 

-Located in the Anihue XI Region, 44°S, 
73°W, on the far southern coast of Chile, Fundo 
Anihue, is a 25,000 acre, privately owned, Cold Jungle 
preserve accessible only by sea. One of the few re
maining untouched temperate rain forests in the world, 
the site is mostly uninhabited and unexplored. A 
small, low-impact, ecotourist/cducational facility is 
being designed and developed here with the goal of 
complete energy and food self-sufficiency. 

Facilities include a caretaker's house, meeting 
room, and dormitory--a!I located on a beautiful tidal 
estuary. Tbe landscape is dramatic and varied: Jjords, 
rivers, beaches, islands, glaciers, a breathtaking vol
cano, and great expanses of virgin forest present them
selves to be explored. Participants can atTivc early or 
stay after the course to enjoy diving with dolphins, 
boating, or hiking the outback of this spectacular re
gion at no additional cost.-

Three experienced instructors-

Taught in English and Spanish, this certificate 
design course will be the first ever presented in Chile 
and will launch the work of the Permaculture Institute 
in that country. The curriculum will include hands-on 
projects, lectures, discussions, slide shows, fieldwork, 
and mentored small group design projects covering: 

• Permaculture Ethics and Principles 
• Pattern and Design 
• Climate, Ecosystems, Soils & Forests 
• Energy, Water & Waste Treatment 
• Plants and Gardening 
• Animals and Aquaculture 
• Broadscale Landscape 
• Developing Settlements 
• Urban Applications 
• Appropriate Technologies 
• Community Design & Financial Systems 
• Project Management & Earning a Living 

Peter Bane Jerome Osentowski Gustavo Ramirez 
Argentina North Carolina 

publisher, f'er111arnft11re Actil"ist 
cofoundcr, Earthavcn Ecovillagc 

Colorado 
veteran market gardener 

int.crnationa! development worker 
cofounder, Gaia Ecovillage 

inventor and scientist 

The fee of $800 includes tuition, meals, dormitory lodging or camping, and curriculum material. 
A deposit of $100 is required. Scholarships and tuition assistance are available for Chilean citizens. 

For more information contact: 

Central Rocky Mountain Permaculture Institute 
PO Box 631 , Basalt CO 81621 

phone/fax (970) 927-4158 
Email: jerome@crmpi.org Web: www.crmpi.org 
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Earthworking with Draft Animals 

Having a Swale Time with Horses 
Brock Dolman 

IN THE DRYLANDS SEGl\:lENT of the Global Gardener 
video, Bill Mollison visits an extensive swale system in 
Arizona that was constructed by teamsters with draft horses, 

in the dust bowl era of the I 930's under· Franklin Roosevelt's 
New Deal. As Mollison states. "It was one of those rare times in 
the history of the world that anybody in charge of a country put 
people to work to repair the damage." Imagine hundreds of miles 
of these large swales excavated with real horsepower. The 
disappearance of this four-legged energy source in favor of 
internal-combustion horsepower carries with it the loss of a 
populace well-versed in the ways and capacities of draft horses. 

In light of this history, the Occidental Arts and Ecology Center 
sponsored a workshop last May called "Pemiaculture Techniques 
with Draft Horses: A Swale Time." The workshop's goals 
stacked together neatly, combining basic teamster education for 
the students: keyline application education for several locally 
active teamsters, and experimentation with horse-drawn imple
ments for water infiltration earthworks. It was held at Ocean 
Song Fann and Wilderness Center as a follow up to a design 
project created for the site during a pcrmaculture design course 
held at OAEC in February. Ocean Song Farm and Wilderness 
Center is a 350-acre property with a long history of sustainable 
agriculture and environmental education. 

Attendees were favored with sweeping views of rolling 
western Sonoma county ridges enfolded by a distant backdrop of 
Inverness Ridge, Tomales Bay and Mt. Tarnalpais, and the sunset 
panorama of a Pacific Ocean horizon. Add to these vistas the 
sounds, smells, and feel of large, strong draft horses-with 
gleeful students at the reins-and you have the makings of an 
excellent workshop. 

Some Real Workhorses 
Teamster Randy Clayton of Draft Horses For Hire, with his 

pair of English Shires, Greta and Rick, and Stuart Schroeder with 
his pair of Percherons, Ike and Sparky, were flawless in both 
performance and patience. The students practiced driving a 
wagon, pulling logs, plowing with both riding and walking 
plows, discing, raking, harrowing, excavating with a hand scoop, 
and keyline plowing with a subsoiler. 

The final project was the construction of a I 00-foot swale that 
terminated into an approximately 150-square-foot, three-foot 
deep ephemeral frog-pond. This swale also received runoff water 
from a main entry path, diverted with a small water bar. The 
swa\e was laid out with an A-frame. another tool new to many of 
the students. At first we excavated the swale using a two-way 
riding moldboard plow. But we quickly gave this up: Since one 
plow wheel needed to ride on the berm, as the bem1 grew in 
height it lifted the plow too high to reach the swale bottom. We 
switched to the walking moldboard plow ,'which allowed us to 
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increase the height of the bem1 to over two feet. Still, it was 
difficult to cut deeper into the swale wall while simultaneously 
adding heigh! to the berm. 

In the end, though, we had a well-shaped swalc that was sized 
appropriately to the expected runoff volume. However, the 
construction of a larger swale would have been a challenge with 
the tools we had on hand. Inspired by this first time hands-on/ 
horses-on experience . of constructing a swale, the team~ters and 
students became caught up in the design challenge of inrngining 
or finding the right tool for this job in the future. Since both 
teamsters are addicted to reading about and acquiring old imple
ments from auction~. we had a lot of brainstorming about tool 
shapes, sizes, materials and remembrances of tool'> seen in old 
books. The tool that seemed the most u,efu I for the job is cal I ed a 
vee-drag. This ha~ a cutting edge like a plow with an angled flat 
face for pushing material aside and up. It was used for ditching. 

Guide(! hy Stuart Schroeder, percherons Ike and Sparky make the 
swc,le 's first pass ,l'ith the riding p/oll'. 



The horse team makes another pass as the .\wale progresses. 

and was probably designed to run water off-contour in ditches to 
drain wetlands for farm development. By changing our goal and 
invoking contour consciousness, we could use this tool to begin 
the process of landscape rehydration instead of dehydration. We 
are all looking forward to some future acquisition of a vee-drag 
by one or both of the teamsters to further this experimentation. 

We also had fun constructing the pond. Randy had brought a 
small hand -scoop about three feel on a side and resembled an 
oversized square-nosed shovel with two wooden handles. As one 
teamster drove the team nnother student would work the scoop. 
The scoop driver would tilt the blade edge into the soil to fill it 
and then let the horses flip it over to dump the load on the 
growing dam wall. A good scoop load held two or three cubic 
feet of soil. We had both teams working at once, going around in 
circles as they made passes at the growing pond. The first team 
used a walking plow to loosen the soil, which the scoop could 
then easily move onto the dam wall. 

The pond size was at the smaller end of the sen le in tenns of 
ease of access and work efficiency for draft horses. We spent as 
much time and e11ergy turning the circle as digging the 
small pond. Obviously big horses can perform proportion
ately bigger tasks, but this was the largest pond that could 
be built in the time available, especially since 011e of our 
goals was to leave the site with a finished project. Follow
ing some hand-tool shaping, in the end we had a beautiful 
teardrop-shaped pond that will fill this winter and, we 
hope, hold water for long enough for endangered Califor
nia red-legged frog and Pacific tree frogs to breed there. 

Old Tools, New Uses 
Our final-and for myself, most exciting-project was 

the use of a subsoiling device that Randy had brought. He 
had purchased the tool many years prior but never used it. 
From what Randy had picked up from discussions about 
keylioe plowing he figured this tool might come in handy. 
He was entirely correct. This subsoiler was perfectly 
designed to slice a deep groove in the soil profile, using an 

expanded foot at the base to serve as a sub-surface water 
conduit , a fa a Yeoman's plow. The subsoiler has a 
single shank with a narrow, sharpened bifaced edge like 
a knife blade. On the bottom of the shank is a perpen
dicu 1 ar blade about two inches wide, which leaves an 
open channel at the base or the furrow. 

Imagine my surprise and excitement after the work
shop when I was flipping through the Summer 2000 
issue of Small Farmer's Journal and there on page 56 
was a beautiful drawing of the exact subsoiler we had 
been using, a Ransomes CIC subsoiler. On the opposite 
page was a second drawing of the same subsoiler, except 
this model had "different bottom fitments for mole
draining." Again, in the hands of pennaculturists with 
some contour keyline consciousness, these existing tools 
previously designed to dehydrate the land could be put 
into service as tools of landscape rehydration restoration. 
We had plowed a couple of slightly off-contour keylines 
with the subsoiler and it created a perfect furrow on the 

land. On the surface it barely lifted the soil, yet one could plunge 
an arm down to eighteen inches and feel the expansion of a cavity 
in the soil below. 

Here in coastal California, a~ in most areas on the planet 
effected by humnn development, the deforestation-to-desertifica
t ion mantra has been in full swing for over 150 years. Wendell 
Berry exquisitely described the damage in his introduction to the 
seminal work Tree Crops: A Pen11a11ent Agriculture by J. Russell 
Smith. Berry quotes Smith's vision that "man has canied to the 
hills the agriculture of the flat plain" and this cycle of hill 
agriculture has thus too often been a one-time cycle: "Forest
field-plow-desert." 

Over 95% of California's old-growth conifer, hardwood, and 
riparian forests, and pere_nnial bunch grass prairies have been 
destroyed for conversion to fam1s, ranches, tree farms, freeways, 
reservoirs, suburbs, cities, industrial complexes and other 
anthropogenic fantasies. lncrensingly as our watersheds are 
becoming more and more impermeable while demand for surface 
and ground water resources continues to increase unabated. The 
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"canaries'' in our constal "coal mines·• are anadromous salmon 
and steelhead. The future fecundi ty of these endangered 1otem 
life-fonns hangs in the balance and provides us all, as residents of 
each particular watershed, an opponunity to judge the efficacy of 
our community development decisions. No matter the scale, 
whether with shovels, bulldm:ers. or draft horses, our watersheds 
are desperate for earthworks to mitigate sedimentation and 
increase the porosity and receptivity of our landscapes to water 
and thus to facilitate revegetation efforts. Swales, catchm ent 
basins, sett ling ponds, retention basins, storm -water sinks, 

gabions, and keyline plowing are all-important tools for 
permaculturists to judiciously apply for human population~ 
dependent on a watery planet ironically threatened with human-
caused desiccation. tJ. 

Brock Dolman is OAEC' .1• Per111ac11/wre Program Director . 
A speciali:.ed generalist and periptlfetic natural historian, he 
11rc1ctice.1· ha/Jitat restorntio11. reg,•11ernti1·e lnmum .1·ettleme11r 
desig11, and ecological literac_\' acti,·i.1·111 ioll'ards societr,/ 
1ransforma1io11. 

Making the Most of Limited Rain with Microcatchment 

Craig Elevitch and Kim Wilkinson 

ESTABLISHING TREE PLANTINGS in dry climates 
presents great challenges. Infrequent rains are often too 
little to soak deeply into the soil. On the other extreme, 

occasional rainstorms generate rapid run-off , with little water 
absorbed by the soil. This run-off can cause erosion and other 
problem s downslope. 

Rather than resorting to expensive irrigation systems or 
earthworks (which may not be economically feasible) we cnn use 
nature's own models for sheltering and establishing new vegetation 
in dry climates. In nature, new vegetation often first takes hold in 
pits, cracks, crevasses, and at the base of large rocks. These special 
areas act as small catchments, collecting rainfall and allowing it to 
soak into the ground. These are natural "microcatchments." Small 
amounts of rainfall which otherwise would not soak deeply enough 
into the ground to help plants, trickle to the bottom of 
microcatchments and can contribute significantly to soil moisture. 

By constructing low-cost microcatchrnents, each tree can be 
given an improved chance to survive-and hopefully thrive- in dry 
conditions. Through simple adaptation of natural models, your 
planting area can be designed to haivest the limited rainfall and 
store water in the ground right where the plants are growing. 

Microcatchments benefit plants in other ways. First, they provide 
small seedlings with much needed shelter from sun, heat, and 
desiccating winds. Second, they "catch" more than just water-they 
also collect small particles of dust, soil and organic matter carried 
by wind or water. In so doing, the base of the microcatchment 
becomes a relatively fertile spot in an otherwise unfertile area. 

The organic matter that collects in microcatchments works to 
increase the ability of the soil to hold onto water, like a sponge. As 
the soil holds more water, it can sustain plants longer between rains. 

Based on nature's way of establishing vegetation in 
microcatchmenl~. people have designed and constructed simple, 
low cost microcatchments for use in arid climates. Examples 
include the "net and pan" (Kenya), Z'li holes (Burkina Faso), and 
mulch pits (Pacific islands) which all use the same basic concepts: 

I) A physical structure made of soil or rocks such as furrows, 
ditches, pits or a combination of these, occupying an area of 0.25-
3 square meters. This structure acts as a microcatchment. 
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collecting water and sediments. 
2) A small collection area where the rnicrocatchrnent funnels 

rainfall, soil particles and organic matter to one plant. 
There are many clever designs for microcatchments described in 

the references listed below. The technique is especially useful on 
sloping lands, where rapid run-off and erosion make plant estab-
1 ishment very challenging. 

In an adaptation of the principle, mulch can be added to the base 
of the microcatchmcnt which accelerates the process of soil 
improvement and helps retain soil moisture. Such systems can 
rupid!y revcgctate parched !ands without large earthworks or 
irrigation systems. A sheet of roof iron or cardboard can also be 
used to cover the ground and funnel water to plants. 

Further Reading 
Rockeleau, D. et al. Agr<!fim1stry in D,:i,fwul Africa. ICRAF, 

P.O. Box 30677, Nairobi, Kenya, 1988. 
Morrow, Rosemary. Earth U.1·er'.1• Guide to Pemwrnlrufr. 

Kangaroo Press, 1993. 
Lancaster, Brn<l. "The Man Who Fanns Water," Permarnlture 

lntl!mational Jo11rnal #60. 
Meitzner and Price. Anwranth to ZL,i Holes: ldt!a.1'.for Gmll'i11g 

Fo(}tl Under Dijjicult Condition:~. ECHO, 17430 Durrance Road, 
North Fort Myers FL 33917-2239, USA. Email: ECHO@xc.org. 
Web site: <http://www.xc.org/echo> 

Web Links for Microcatclunent 
ECHO: Amaranth to Zai Holes: Dry!and techniques and mulches 

http://www.xc.org/echo/azil lus/azch5dry .htm 
ECHO: Amaranth to Zai Holes: Arid region fanning primer 

http://www.xc.org/echo/azillus/azch 7 ari. htm tJ. 

This artide is reprinted from The Overstory Online (email 
oi•erstory@aKmforester.com), brought to you hy agrofore.ner.c:0111, 
ll resource for sustainable forestry and agroforestry in the tropics. 
AgmForest er, PO Box 428, Holualoa, HI 96725. 
USA Tel: 808-324-4427. email@agroforester.cmn 
http://\1•11·11·.agrofore.,·1er.co111 



A Primer on Dam Design 
Design and Construction of Earth Dains 
Darren Doherty 

THE CHEAPEST WAY to store large volumes of open 
water is in a water storage dam or pond. The potential 
function and aesthetics of a dam are realized through 

good design, thorough planning and investigation, and appropri
ate construction techniques. This article addresses these outcomes 
by outlining the process we go through when designing and 
constructing n darn or series of dams on a client's property. "We" 
is Australin Felix Permaculture, my landscape design firm in' 
Bendigo, Central Victoria, Australia. Australia Felix works 
throughout the southenstern part of Australia in temperate. cool 
temperate, semi-arid and Mediterranean climates, and has 
designed and developed over 700 properties large and small since 
we started in 1993. 

In project~ where the dam wall is higher than five meters. 
where dam failure could result in loss of life or serious damage to 
property, or where the developer's expertise is limited. a civil 
engineer should be definitely be involved. As a guide, however. 
the following information will guide the designer/developer on 
the issues to be considered in designing and constructing an 
earthen water storage dam. 

Wily Build a Dam 
The sight of water storage darns is common in Australian rural 

farming landscapes. Dam construction allows us to store large 
volumes of water for a multiplicity of integrated uses, such as 
aquaculture, erosion control, gravity irrigation, stock and 
domestic water storage, solar passive effects, wildlife habitat, 
aesthetics and recreation. A well-designed clam can be used for 

A farm pond built /Jy Australia Felix. 

all Lh_ese things at once! 
If you need to store anything less than around I 00,000 liters of 

water or if potable water is needed then ·a water storage tank, 
constructed of concrete. metal. plastic. or other materials, may be 
a cheaper and better option. Also, if the site design process 
indica~es that dam construction is inefficient and therefore 
uneconomic, a tank is preferable. Tanks can be used by them-

. -selves or as a source of effective gravity storage in conjunction 
. with a lower level dnm. stream, or ground water source. 

Until relalively recently the low cost, case of construction, and 
lack of regulation in darn construction have often resulted in a 
lack of permanence, effectiveness, and aesthetic appeal. P.A. 
Yeomans was the first to capture the true potential of dams on 
rural landscapes through his integrated Keyline farm design 
system which he and his sons develop~d in the post-war years in 
southeastern Australia. Keyline has been adopted by 
permaculture designers as the best technique for broad landscape 
design layout. This process starts with the use of the Key line 
Scale of Pcrman~nce in conjunction with permaculturc design 
ethics and principles. The key current reference for the Y comans 
Keyline System is the book Water.far £\'/:ry Farm, available 
through the Keyline Designs website, www.keyline.com.au 

Legal Planning Requirements 
The first part of the process in the construction of a.dam is to 

address the appropriate government regulations controlling dam 
construction and the use of the water stored in the proposed 
storngc(s). The purpose of these regulations is to protect the 

community from poorly constructed dams and to 
ensure that regional water resources are not 
unfairly distributed. Contact your state or local 
government authority to obtain the necessary legal 
and permit advice. They may also be a source of 
useful regional and general information. Getting in 
touch with a local civil engineer experienced with 
dam construction is very useful and may be a 
requirement of a planning or building pennit being 
issued. 

KEYLlNE SCALE OF PERMANENCE 
(in decreasing order of permanence; items lower 
down are more easily changed) 

Climate 
Land Shape 
Water 
Roads 
Trees 
Buildings 
Subdivision 
Soil 
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Dam Site Identification 
Dam site identification should be a result of a holistic property 

planning process using permaculture design principles with an 
emphasis on the use of the Key line Scale of Permanence. For the 
purposes of this article, however, we will look primarily at the para
meters of assessing the potential siting of dams in the landscape. 

Length 
METRIC CONVERSIONS 

25 millimeters (mm)= 1 inch 
3 meters (m) = 1 O feet 

Area 

1 .6 kilometers = 1 mile 

5 square meters (m2) = 6 square yards 
1 hectares (ha) = 2.5 acres 
(1 ha = 1 0,000 m2 or 1 OOm x 1 OOm) The first issues to address are; What are the water resources 

available to the property, how they flow, how can they be 
captured, what is the most cost effective way of storing them, and 
how much is actually needed to be stored? 

Volume 4.5 liters (I)= 1 gallon 
1.25 megaliters (Ml) = 1 acre foot 
1000 liters= 1 cubic meter (m3) 
1 cubic meter= 0.75 cubic yards We always start with a catchment analysis, which identifies 

how much water flows through a property. Understanding the 
land patterns as shown on topographical maps is crucial for the 
effective calculation of catchments. This is achieved by recogniz
ing the way the map's contour lines define ridges, saddles and 
valleys or gullies. 

Discharge 1 cubic meter per second (cumec) = 35 
cubic feet per second 

years out of ten. 
Begin by defining the water divide lines (or center lines) on the 

ridges of the particular catchment area as the boundaries of that 
catchment. Once this is done, use grid paper transparency (grid 
paper photocopied onto clear transparency) to detem1ine the size 
of the area enclosed in the catchment. This number is called the 
area statement. If you're lucky like us then you 'II have a GIS 
(Geographic Information System, e.g. Maplnfo or Arc View) 
software that makes the area statement just a click away. Once 
you've worked out this number then use Table I and the formula 
in the next column to generate the total average run-off figures 
for the catchment. An engineer would also ascertain this as part 
of his or her investigation. 

To estimate the annual runoff from a catchment, use the 
following formula: 

Catchment runoff = 100 x A x Rx Y liters 
where: 

A is the catchment area in hectares (ha) 
R is the average annual rainfall in millimeters (mm) 
Y is the runoff as a percentage or annual rainfall 

I'll use an example to do these calculations, and then continue 
the same example through the rest of the article: 

For irrig~tion schemes a reliability of eight years out of ten 
is acceptable, for domestic and stock schemes the aim is nine 

A small catchment of 100 hectares is forested and the soil is 
sandy clay. It receives an average annual rainfall of 750 mm and 
has an annual evaporation of 1000 mm. What would the esti
mated yield be for an irrigation scheme? 

Table 1 RUNOFF FROM CATCHMENTS 
Runoff as a % of average annual rainfall (V) 

Average annual Total annual Reliability Shallow sand Sandy clays Elastic clays Clay pans, 
rainfall (R) evaporation (years out or loam soils (%) (%) inelastic clays 
(mm) of 10) (%) or shales (%) 

> 1100 8 10 to 15 10 to 15 15 to 20 15 to 25 

9 6.5 to 10 6.5 to 10 1 Oto 13 10 to 16.5 

901 lo 1100 8 10 to 12.5 10 to 15 12.5 to 20 15 to 20 

9 6.5 to 8 6.5 to 10 8 lo 13 10 to 13 

501 to 900 less than 1300 8 7.5 to 10 7.5 to 15 7.5 to 15 10 to 15 

9 5 to 6.5 5 to 10 5 to 10 6.5 to 10 

1300 to 1800 8 5 to 7.5 5 to 12.5 5 to 10 10 to 15 

9 3 to 5 3 to 8 3 to 6.5 6.5 to 10 

401 to 500 1300 to 1800 8 2.5 to 5 5 to 10 2.5 to 5 7 7.5 to 12.5 

9 1.5 to 3 3 to 6.5 1.5 lo 3 5 to 8 

250 lo 400 <1800 8 Oto 2.5 0 to 5 Oto 2.5 2.5 to 7.5 

9 0 to 1.5 Oto 3 Oto 1.5 1.5 to 5 

>1800 8 0 0 to 2.5 0 2.5 to 5 

9 0 o to 1.5 0 1.5 to 3 

Elastic clays when dry develop pronounced surface cracking, which reduces runoff. Inelastic clays are identified, when 

dry, by a fine dust cover; this dust prevents seepage into the ground and so increases runoff. 

---- ---
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A= 100 ha 
R = 750 mm 
Y = 7.5 % (reliability of 8 in Table 1) 

Therefore runoff= 100 x 100 x 750 x 7 .S 
= 56,250,000 liters 
= 56.25 megalitcrs (Ml) 

A major component of the engineering of a d:im is to design 
the overflow or spillway of a dam so that it can cope with the one 
in a hundred chance of the highest possible flood volume passing 
through the dam site. Consulting with your local water authority 
or engineer will enable you to calculate the amount of flood flow 
in cubic meters per second and design a spillway and/or trickle 
pipe setup to cope with these potentially hazardous occurrences. 
An engineer will calculate the flood flow using a method that 
considers the rainfall intensity, catchment characteristics and 
size, average slope of the watercourse, and the length from the 
head of the catchment source to the dam site. 

Several difforent methods arc available Lo increase the amount 
of available catchment to a dam where the catchment of a hillside 
or offstream storage, for example, may be too small for the 
amount of storage you're after. One way is to design and develop 
a system of earthen drains that intercept overland runoff and 
divert water to a water storage-we call these diversion dmins. 
These arc cheaply c9nstructed using a grader or even better with 
a rotary drainer (sec photo). These drains can also be integrated 
with road drains, as we often use the dam wall as' an all weather 
access across wet gullies and drainage depressions. Drains can be 
placed so that they link two or more in a chain of dams by 
running overflow water from a higher dam to the next lower dam, 
and so on. Water reuse drains can also catch excess tlood
irrigation water and divert it to a storage. Drains need to be 
designed and constructed considering similar tlood flO\V volumes 
to those used in designing the dam itself. Again the use of an 
experienced engineer will assist in this element of the design,. 

Ph111 of one of Australfr, Felix ',1· landscape designs. 

Soil Suitability 
An important aspect of the design process is to complete a 

borehole investigation of the proposed site. We use the services 
of local geotechnical engineers for this task. These engineers use 
a drilling rig at the site to take core samples to some depth and 
then perform laboratory tests. These tests determine the suitabil
ity of the site material for the construction of a dam and also what 
the soil profile consists of. They examine the depth of topsoil, 
clay/sand/silt composition, depth to water lable/rock, and so on. 
From this the engineer will make recommendations as to how the 
dam should be constructed, and whether or not some amending or 
sealing material such as benti;mite or gypsum is required. 

The most important tests a geotechnical engineer would 
undertake would include: 

Emerso11 Test 
The Emerson test determines the behavior of clays in contact 

with water and to what extent, how fast, and under :,vhat condi
tions they break down in water. This test determines the suitabil
ity of the site material for dam construction. 

Profile Text11re 
Determines the proportion of day, silt, sand, and gravel 

through the soil profile of the test. Once tested you can get an 
idea of how much suitable/unsuitable material is in the 
proposed site. 

Atterberg Umits 
These are limits established by two tests. The plastic limit 

is defined as the moisture content at which soil begins to 
behave as a plastic material. A plastic material can be molded 
into a shape and then will retain that shape. If the moisture 
conten\ is below the plastic limit, it is considered to behave as 
a solid, or a nonplastic material. As the moisture content 
increases past the plastic limit, the liquid limit will be 
approa~hed. The liquid limit is defined as the moisture 
content at which the soil behaves like a liquid. 

Sieve Analysis 
Soil is put through a #200-mesh sieve to wash away clays and 

silts attached to sands and gravels to determine 
ac_curately where in the 15-group Unified Soil Classifi
cation (USC) the sample falls. This describes the 

proportions of gravel, sand, silt, clay, organic soil, and 
peat in the sample. When fom1ally classified this 
provides the engineer/designer with the basis for 
designing the dam wall. 

Permeability Test 
This tests the moistOre holding capacity of the soil. 

The laboratory test determines the rate of permeability 
of moisture per centimeter per minute. This is at once 
the most useful and the mos~ expensive of the 
geotechnica! tests. A very simple field/home test 
called the "bottle test" can give a fairly accurate 
approximation. This is done as follows: 

I) Remove the bottom of a 750ml soft drink bottle. 
2) Invert the bottle and fi II I /3 with the soil to be 

tested. The soil should be compacted to roughly the 
same degree achievable in the dam. 
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3)Fill the bottle with water. 
If no water seeps through the soil within 24 hours then the soil 

has good water holding properties. 
We use a soi! log for our own field analysis in conjunction with 

other tests taken by others. 
When the dam is full of water, a significant proportion of the 

dam wall is saturated. It is important to realize that no darn is 
completely watertight, as some seepage will always occur. To 
reduce the potential of failure as a result of this phenomenon the 
dam must have flat slopes (or batters) and the soils must be 
adequately compacted. 

Types of Dam Walls (Embankments) 
There are three types of dam walls in use on farms: homog

enous, zoned, and diaphragm. 
A homoge11011s danl'is built of a ·single material and generally 

is made up of 20-30% clay, with the 'balance made up of silt, 
sand, and some gravel. This is also the simplest dam to construct. 
The height of the wall of a homogenous dam should not exceed 
five or six meters. Where the clays prove to he dispersive then 
the application of gypsum or bentonite may be required to 
provide additional sealing. 

A zo11ed dam is t.he most stable of the farm dams, and is built 
where the required materials are available. A selected high
quality clay core is constructed in the center of the embankment, 
with the outer and inner slopes constructed of lesser material, As 
a rule of thumb the bottom width of the clay core should be no 
less than the height of the wall and should be joined to an 
impervious core trench. 

A diaphragm dam is used where suitable darn construction 
material is limited. A layer of the most suitable clay available is 
used on the internal batter to act as an impervious section in the 
wall and again must be connected to the core trench. Again the 
application of gypsum or bentonite may be required. 

Core Trench and Foundations 
The construction of an adequate embankment foundation is 

vital to the success of the storage. The dam wal ! must support the 
weight of water and wall itself without substantial settlement and 
be relatively impervious to excess seepage. Sites that have 
landslips, and to a lesser extent springs and soaks, need to be 
avoided due to inherent soil instability. Professional site investi
gation and advice wi!I be required in these areas. 

The construction core trench (also called the dam key or cutoff 
excavation) is used to prevent excessive seepage under the dam 
wall over the natural land surface. It is a trench dug under the 
dam site, constructed to a dimension relative to the size and width 
of the wall, and should extend beyond the excavated bank to 
prevent outward seepage. The core trench, which locks the dam 
into the surrounding earth, is only effective where it is cut into 
relatively impervious material. Where deep layers of sand or 
gravel exist it may be necessary to use a horizontal blanket of 
35m or more in length from the hase of the embankment and 
600mm thick up the base of the reservoir. This treatment is often 
very costly and causes some sites to be nonviable. Most farm 
dams will only need a core trench of relatively small dimensions 
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Table 2 Storage Periods for Various Rainfalls 
Average Annual Duration of Storage 
Rainfall Period Required 
(mm) (months) 

>650 
451 -650 
250 - 450 
<250 

12 
18 
24 
30 - 36 

in comparison with the wall base width. We generally only make 
it a bulldozer blaJe·s width (2.5m+ J and around 600mm tol 
meter deep. 

Types of Dams 
There are several types of dams, the design and placement of 

which depends largely on the topography of the property and how 
the water stored is to he used. As a result of the whole farm-plan 
exercise, one should be able to answer the questions of what goes 
where and where supportive elements need to be-placed. The 
storage ratio of different dam types and sites differs, and this ratio 
determines the economy of each site in terms of the volume of 
excavation versus the volume of stornge. For example, a hillside 
dam on a slope or in a steep gully (i.e. above a keypoint) will 
have a poor storage ratio, whereas a tank dam or lower-drainage 
depression gully dam will have much greater capacity for every 
cubic meter of earth moved during construction. 

The type and dimensions of the dam will also depend upon the 
climate and the amount of average evaporation losses. In semi
arid and arid zones the amount of evaporation will be quite large 
compared to cooler climates. Dams in the hotter zones need to be 
deep in order to overcome annual evaporation losses. which are a 
significant threat to stored capacity in prolonged droughts. In 
cold climates where soil freezing occurs an engineer's involve
ment will be needed due to the effects of seasonal freezing/ 
thawing on the bank's structure and stubi lity. 

The effects of sedimentation (silting) may cause a dam failure 
through lost capacity. Some small sedimentation will always 
occur particularly after construction, and this can be beneficial in 
forming a watertight seal on the hase of the reservoir. The timing 
of construction to match local rainfall patterns will reduce the 
risk of the dam filling too quickly. which can bring with it 
increased sediment loads. The construction of small sediment 
pond(si above the storage or at the ends of diversion drains will 
reduce flow velocities, catch sediment and nutrients, and can
where creatively designed-act as a wetland for riparian vegeta
tion and wildlife. 

Gully (Emba11kme11t) Dams 
· These arc the commonest of all dams, constructed across a 
gully or drainage depression where water i~ most likely to flow. 
This makes them the easiest storage option. Gully dams have a 
good storage ratio where they are not positioned above the 
keypoint (where the gully slope section changes from a concave 
to convex profile), and are normally constructed with a bulldozer 
and/or scraper. Trickle pipes sized relative to catchment flood 
flow volumes are usually required to reduce the amount of 



pressure on the spillway. Lockpipcs through the base of the wall 
can make large volumes of water available for gravity irrigation 
supply. ns in a Keyline system). 

Hillside/Co11tour Dams 
These dams are built on the i.ide of hills and ui.ually have a 

three-sided or curved bank. Diversion or overflow drains are the 
primary source of water for this style of stomge. These dams 
haven relatively poor storage ratio and are therefore expensive to 
build compared with gully or tank dams. They do have a clear 
advantage in providing gravity slor:1ge. Bulldozers and/or 
scrapers are the preferred construction machinery. 

Ri11g Ta11ks and T11rkey'.~ Nest Dams 
These circular dams arc fairly limited in their application. 

Constructed with excavators. their low storage ratio makes them 
expensive for the amount of water stored. Their best applica(ion 
is as an earthen stock trough filled with underground water by 
pumps or windmills. This type of dam has the highest cvupora
tion losses. I have seen one very functional turkey's nest darn that 
was built on a small flat-topped ridge for tlood in·igation. It had 
very low walls and was filled by gravity via a Kcylinc irrigation 
system. and overflowed when filled to irrigate about 300 degrees 
of the ridge that provided supplementary summer fodder in a 
winter-rainfall district. 

Tank Dams 
This type of dam is usually a square or rectangular excavation 

cut below the natural surface. This is the second commonest type 
of dam us it has the highest stornge ratio of any of the dam types 
and is well suited to areas with flatter and gently undulating 
topography. We have constructed several of these on the plains 
country in western and northern Victoria and achieved significant 
water volumes for the relative cost of construction. One valuable 
feature of tank dams is they can be extended without much 
trouble, when time or budget allows a larger dam to be built. 
Their only downside is that gravel or sand seams may render 

Making the dust fly: Cutting a drainage ditch wit/, a c:lwnne/er. 

chem leaky, or shallow groundwater tables may create a salinity 
problem. 

Spillways, Overflows, and Freeboard 
The first guiding considerution with overflows is that no more 

than 2.5 cubic meters per second (2500 liters/second) should flow 
through u well-grassed spillway or erosion is likely. Calculation 
of the one-chance -in-a-hundred flood flow volume is the key to 
designing a spillway capable of taking overflow waler with the 
lowest risk to the embankment. Inlet and outlet widths vary 
according to the flow volumes available (see Table 3). 

As the spillway determines the ultimate water level in a dam, it 
is important to design its level so that there is adequate freeboard 
(distance from top of the b,mk to the water level). Freeboard 
depth is determined hy the amount of fetch (longest exposed 
water surface on the storage) and should be at least 750mm; 1 m 
for dams where the fetch is under 600m. Otherwise erosive wave 
action and ovcrtopring (water going over the embankment) may 
occur. causing dam failure and potential damage to life and 
property. Give consideration to settling of the dam wall after its 
consolidation by increasing the construction height of the wall 
above the needed amount by around 5%. This is particularly 
important if the wall is to be used as a road. 

A trickle pipe is often used to reduce the movement of lower
level flood flows through the overflow. This is often a require
ment. as you should never allow even small flows to go through a 
spillway longer than several days, as this can cause more erosion 
than short-term higher-volume flows. We install high-density 
polyethylene (HOPE) trickle pipes of I 50-300mm diameter to 
just below the maximum water level. Inlet and outlets consist of 
either prefabricated cement collars or cndwalls, or they may be 
1 m-diameter pipe upturned. buried to expose the top, wilh the 
trickle pipe inserted through the side and sealed. If well sealed 
the volume of w:1ter flowing though the pipe will be quite 

substantial. A collar or baffle plate will need to 
he placed around the pipe in the middle of the 
wall to restrict moisture seepage along the pipe, 
which could lead to tunnel erosion and wall 
failure. A mesh cover should be placed over the 
inlet to remove the risk of blockages in the 
trickle pipe. which are sometimes difficult to 
clear effectively. 

To provide a smooth flow of flood waters 
through the spillway, immediately after 
construction it should be covered with topsoil 
and seeded with grusses such as kikuyu, couch, 
para grass or others. Mechanical finishing or 
smoothing of all excnvated surfaces can be done 
by a four wheel drive car or tractor dragging a 
section of reinforcing mesh weighed down with 
old tires. This will provide an excellent .smooth 
finish to the dam and assist in the preparation of a 
seedbed for sowing and regrowth. In tighter 
areas, particularly around the overflow, further 
hand finishing of the dam can be done with a 
shovel and rake. This extra effort is always 
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Table 3 Spillway Inlet/Outlet Widths also are more difficult to repair. Upstream valves are 
more difficult to access, as they are submerged, and a 

Flood Flow Inlet Width Outlet width Outlet width Outlet width remote winding spindle will be· need to operate it: 
(cumecs) (m) @ 24% (m) @ 14%(m) @ 4%(m) However, they have less pressure on them and make it 

3 5.5 20 13 6 easier to repair the pipe . . 
4 7.5 27 18 8 
5 9.0 34 22 10 

Siphons arc another common way of piping water out 

6 11.0 40 27 12 of dams. Prefabricated HDPE siphons are now avail-

7 12.5 47 31 14 able and they remove some of the natural difficulties 

8 14.5 54 ' 36 16 faced by many who have made siphons themselves. 

9 16.5 60 40 17 Compared fo outlet pipes using equivalent diameter 
10 18.5 67 45 19 pipes, however, the volume of water able to be dis-
11 20.0 74 49 22 charged is very small ·and this often limits their use. 
12 22.0 80 54 24 But where applicl!ble, a small siphon can be a cheap 
13 23.5 · 87 58 26 
14 25.5 94 62 28 

and effective means of discharging small volumes of 

15 27.5 100 67 30 
stored water. · 

Earthwork Volumes and Storage Capacities 
A significant part of the design process is the 

Outlet slopes calculated for return slopes of 24%, 14%, and 4% - Seek 
references or professional advice for further information on different slopes. 

calculation of earthworks volumes and storage capaci
ties. We need to calculate these respective volumes to ascertain 
the cost of earthworks and the efficiency of the storage. The 
ultimate volume will depend upon the height of the wall, the 
shape of the gully/slope cross section, and the area of the storage 
reservoir upstream of the embankment. 

worthwhile and you will thank yourself for doing it in the years to 
come, such is the effect. 

Outlet Pipes 
Outle~ pipes are installed for the following purposes: 
• Gravity supply of-water.for downstream/downsiope uses 
• Suction pipe water .supply for pumping 
• Emptying the •'.da~ fot repairs, including silt removal and leak 

location ' ·· 
• Environmenta:Jly ,necessafy flows in sensitive catchments or 

wh·erc required ·by"iot~al_ ~utnori.ties. · . 
Outlet pipes present 'stirhe difficulties in the construction phase 

and are expensive to i'nstall.":}--iow'ev'er,-~heir applications makes 
them such a us·eful iteip. that the'y should be considered where 
possible. · · · ' · ·· 

Collars or baffles are required alorig t_he length of the pipe to 
prevent seepage along the length of'th~ pipe, and are generally 
made of steel plate, each of around 75ciil 'to I ;2m square. At least 
three are needed for pipe lengths of up to 20m. Pipes 25m long 
wil) need 4 baffles, 40m pipes need 7, and 50m will need 8. The 
pipe, made of HOPE, rubber-jointed concrete or galvanized iron, . 
is installed by. hand into a prepared trench. Soil is .compacted 
around the pipe and then covered carefully with the machinery 
available (traxcavator, backhoe, or bulldozer are best) and then 
carefully built up and track rolled. We place star pickets around 
the inlet and outlets and put an upturned oil drum over them to 
protect them from damage for the remainder of the construction 
process. Again, a mesh cover is recommended to cover the inlet 
with both the inlet and outlet secured in an anchor block relative 
in volume to the diameter of the pipe. The Keyline Designs 
website and books have some excellent pictures of pipe baffles 
and inlet mesh guards. 

Outlets use gate valves to control the amount of flow out of the 
dam. Valves are placed either downstream or upstream of the 
wall. Downstream valves are more popular, although they are 
likely to leak more due to constant pressure applied to them, and 
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The most accurate method of estimating earthworks and stomgc 
volumes is to have a high-quahty electronic field survey completed, 
and then have the dam designed using the appropriate •civil engi
neering CAD software. This is what we use with our team and it 
makes our lives a lot easier, as we can t;,i.1ild the dam on the screen, 
see how much it will cost, and see if it is an efficient storage or not 
To do that takes about one half to two hours per dam. 

For calculating regular shapes th_e prismoidal formula can be 
used to estimate both storage and embankment volume~ and is 
useful in all earthworks. It is generally written as follows 

Gully Dam Volume Formulae: 
Embankment -Volume 
V = 1.05 x W x H x (H+l) x K 
Where 
V = volume of earth (m3) 
H = height of embankment (m) 
W = length of the dain w~II aloi:ig crest (m) 
K= appropriate coetpdent f~r gu.ly shape 

Water Stotage _Volunie 
V = 0.22 x W x;~ x L x K 
Where 
V = volume ·or water stored (m3) 
L = longest __ leng!h or water-surface (m) 
W = width o_r-wafer across the dam wall (m) 
D = water d!!pth at the base of the embankment (m) 
K = appropria_~e coefficient for gully shape 
Another accurate method for calculating gully embankment 

volumes uses the horizontal slice method. This requires a plot of 
the dam wall onto a survey plan of the site. For higher accuracy 
you can then divide the dam and storage into a series of 0.5m 



slices, then with the aid of a planimeter cakulate the volume of 
each of the slices, with the total volume being the sum of all of 
the slices. 'You can al so use the grid paper transparency over the 
survey plan and count the area contained in the squares for a 
similar, less accurate result. 

The Queensland Water Resources Commission developed the 
following method whic:h i nvoles determining the shape of the gully 
slice cross section and then selecting a corresponding shape from a 
list, each of which has its own coefficient between 0.5 and 1.6. 

To estimate embankment volume and gully storage, we can use 
the figures from the previous examples: 

Embankment Dam Dimensions: 
Embankment Volume (V) 

;;: 1.05 x 0.5 (K) x 50 (W) x 4 (H) X 5 (H+l) = 525 m3 

Water Storage/Reservoir Dimensions 

/ 
Water Storage Volume {V) 

= 0.22 x 0.5 (K) x 30 {W) x 3.5 (D) x 100 (L) ;;: 1155 m3(1.155MI) 

Then we can decide whether the amount of water stored 
justifies the amount or earth moved (how economical our 
chosen dam is) by determining the ratio of the water stored to 
the total dam and reservoir volume. This is called the storage 
ratio, calculated as follows: 

Total Storage= 525 + 1155 = 1680 m3 

Storage Ratio 1680/525 = 3.2 , 

The table below tells us that a dam with this storage ratio is worth 
doing. 

Dam Storage Ratio Feasibility 

Storage Ratio 
<2 
2-4 
4-6 
>6 

Rating 
Poor 
Moderate 
High 
Very High 

Dam Planning & Design Checklist 

I. Pennaculture Fann Plan - Gather map resources and 
develop a holistic diagnosis and design planning approach to 
assess the integrated need for water storage's per se, the 
catchments available, where dams fit into the overall landscape. 

2. Why do J need a dam? Is it the most appropriate water 
storage choice? . 

3. Legal Planning Requirements-Contact local/state authori
ties, experienced consulting civil engineers. 

4. Soil Classification-Take soil samples. Best to use Geotech-

5. Dam Design-Use climate/soil/catchment/site analysis to 
assess the best options. Again professional consultatiory wise if 
the experience or knowledge base is low. May be legally required 
anyway. 

6. Outlet Systems-Do I need them? Does the cost warrant the 
installation? Look for suppliers, etc. 

7. Earthwork and Storage Volumes-Calculate them to assess 
the cost/benefit ratio. 

8. Contact local earth movers-What's their experience? 
Check out references and examples of their work. Find out how 
much they cost per hour or per cubic meter equivalent. How 
much earth can they move per hour/day. Get set price quotations 
and quality guarantees. 

9. Construction-Finalize construction timetables. Markout, 
and your personal finances. And read the next issue of this 
magazine. 

This is the first installment of a multi-part article on earth dams. 
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Darren J. Doherty i.1· a fifth-generation Bendigonewz commit
ted to the sustainable de1•elo11me111 of Amtralia. He grew up on 
the fond, has b~en a chef and ~-ertified organic market gardener. 
Darren fw~ strong links to the farm forestry industry, and 
operates Australia Felix Pemwculture, c, land plmming firm. 

nical Engineers where possible to ensure safest, best outcome. Taking a borehole soil sample with a power auger. 
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Hand Tools and Nature Can Do the Work 

Human-Scale Earthworks 
Edna Weigel 

IT'S A PLEASURE these days to do a "berm check" 
during or after a rain. With hoe in hand I walk around our 
five acres making sure any escaping water nows harm

lessly over the proper spillway. The only repairs this summer 
have been where our largest dog dug equally large holes in 
the berms while catching tiny lizards and rodents. 

But during the previous two summers, some new berms 
washed out where I hadn't mounded them higher than the 
spillway, where the soft soil simply eroded away, or where 
the spillway washed out. Here's the difference. This summer, 
even though I am trying to eliminate Lehmann lovegrass 
(Erograstis lel111umnia11a) elsewhere, I left it growing where 
it came up on a previously troublesome berm, hoping that it 
would stabilize the soil. The strategy worked. I'll deal with 
the lovegrass some other season. 

My early reading about waler harvesting suggested that we 
start runoff control at the top of the hill. That sounded 
logical, but we didn't own the top of the hill. Our neighbors 
had just cleared much of that hilltop so the runoff was 
increasing dramatically. Meanwhile, we had no idea how 
deep to make our swales. 

After considerable uncertainty and indecision, my husband 
and I designed a foot-high berm across the upper part of our 
property. It collected an incipient (but.fast growing) wash on 

the west, and extended across the north end of our five acres 
to near the northeast corner-a!! built with the top surface 
slightly higher than the planned overflow, or spillway. 

We placed the overflow where any flooding will cause 
minimal damage as the water proceeds toward the San Pedro 
River (one of the last free-flowing rivers in the southwestern 
U.S.). 

My husband and I compromised on the construction method 
and hired a fellow with a backhoe and blade to construct the 
middle section while I used hand tools in spots where 1 
objected to having the vegetation destroyed. 

As it was, the berm pushed up by the blade was so rough 
that I spent nearly as much time smoothing and leveling what 
was done mechanically as building the other sections from 
scratch. 

Experience Builds Confidence-and Muscles 
Many people think of earthworks as being produced by 

heavy machinery. I think of them as something I can build 
with hand tools to collect rainwater. I realize that building 
berms without power equipment isn't for everyone. But I 
believe in getting my exercise doing something useful while 
many of my friends spend hard-earned money in a gym or on 
a golf course. 

Since that first berm and swale, I've 
built many more on my own with ever
increasing confidence. For checking 
elevation, I use a I 00-foot water-filled 
plastic tube with one end in a gallon jug 
of water that I elevate on a sawhorse. I 
attach the other end of the tube to a 
small mobile stand with a yardstick 
fastened to it. 

For smaller berms, dragging that long 
tube up our brushy hillside was too much 
work so I looked at the water flow 
patterns and simply built dams across 
low spots. With the next rain, I would 
come back to see where the water had 

· reached along the length of the dam 
before it broke through. I then raised the 
height un ti I I was satisfied. 

A contouring team 1i•o;ki11g an A-frame level lays out a hand-dug swale. 

At the property line I curve each berm 
uphill to end where the ground surface is 
higher than the overflow. A foot above 
ambient elevation is as deep as I'm 
willing to build with shovel, hoe, and 
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pick. Even that is too much work when our clay soil is baked 
har<l. Therefore. I mark the location for a new berm with 
stakes. buil<l ·a shallow herm, then wait for rain to soften the 
clay. 

Once a little water has soaked in behind the shallow 
berm-even if it washes out-it is much easier 10 dig a 
deeper swale and pile the diggings on top of the berm. Still, it 
takes several light rains to build a foot-high berm. Most of 
my berms arc closer to six inches deep. 

Our first spillway consisted of a partially buried straw bale 
but it soon started rotting. When a cement truck delivered 
excess cement for another project, we poured a bale-sized 
coi1crcte block. Before the concrete hardened, I shaped it so 
the center was lower than each end. It works wel I on the rare 
occasions when that swale overflows. 

Multiple Designs 
I experimented with several spillway designs. My simplest 

and most successful design involves two pieces of scrap 
metal roofing. Each piece is three feet from side to side and 
about six to ten i nchcs long. I bui Id a clay base to support the 
meta! with the center lower .than the ends, then place them so 
the upper piece overlaps the lower one. Thus, any overflow 
runs off the edge of !he uphi 11 piece and falls onto the down
hill piece before hitting the softer soil. 

One swalc catches lots of runoff from a neighbor, so my 
metal roofing spillway kept washing out. I got my husband to 
help anchor the uphill piece with heavy concrete blocks and it 
has held ever since. 

For some small eyebrow-shaped berms I let the overflow go 
around one end of the berm. This works especially well where 
the overflow spreads out over a flat outcropping of hard clay. 

I learned fairly early in my experimenting to put'the 
overflow at a relatively shallow part of the swale. Thus, if the 
spillway fails, niosl of the water stays in the deeper part of 

the swa!e. In contrast, if a spillway in the deepest part fails, 
all the water cascades down to inundate the n~xt swale, 
possibly causing still another failure. 

Beside my on-contour berms for collecting rain water, I 
have a few diversion berms to direct runoff from our drive
way into the garden. In the garden, I have sunken beds to 
retain moisture. I've experimented there as well. We removed 
clay for plastering our strawbale house from two beds so 
those beds are three to four feet deep. They made marvelous 
compost pits but when I filled them with compost-rich soil, I 
had to apply a lot of water before any stayed at the surface for 
seedlings. Removing about eight inches of subsoil is easier 
and works better. 

If I don't remove some subsoil, the surface of the dug
up garden bed is higher than the surrounding path and al 1 
runoff is lost. This might be good where soggy wet soil is 
a problem, but we have excellent drainage and way too 
little rain here in southeastern Arizona. (I've not been 
here long enough to know how unusual this year has been, 
but in the past 12 months, we ha~e received only 8.6 
inches of rain). · 

My human-scale berms and sunken garden beds help me 
make the most of limited rainfall. By gardening uphill from 
my various berms I have already grown watermelons, squash 
and beans without irrigation. By delaying as much planting as 
possible until the summer monsoons, and by using rainwater 
stored in tanks, my goal is to completely stop using ground
water for irrigation. I am convinced r can do it, and not give 
up gardening for lack of water. A 

Edna Weigel is a gardener,; water harvester. and free-lance 
writer. She and her husba,0, Dave, li1•e with two cats in an 
owner-built strawbale home in southeastern Arizona. They 
share their ten acres with three dogs in a strm1·ba/e co11do-
111i11i11111 wul 17 chickens in a strawbale coop. 
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Hard-Earned Tips on Earthworking 

Tales from the Trenches 
Rick Valley 

W AY BACK IN 1986, Papa Bill told a bunch of u,, 
design course participants that open water storage 
was a crucial element in humid-climate permaculture 

design work. I later participated in the planting phase of a large 
design Mollison did on Whidbey Island in Washington State, and 
so was able to watch a complex pond system during building and 
over some years. I thought, "Hey, I always played with water as a 
kid-I'm trained for this!" I started researching P. A. Yeoman's 
keyline system, and I began designing and building ponds, swales 
.ind wetlands. With the natural luck of drunks and innocents, no 
one has been killed yet in these projects, and there are 14 ponds, 
various swales, and other odd wetland features scattered around 
this part of the world that l"ve planned and had a part in the 
building of. From all this I hope I've learned a thing or three. 
Below are a few hard-won lessons that J"IJ share with you, so that 
you can implement Otto van Bismarck's maxim: "Only fools say 
they like to learn from their own mistakes. I prefer to learn from 
the mistakes of others, and avoid the cost of my own." 

I. Get the Permits 
If worst comes to worst, you won't get unpleasantly surprised 

with an inspector's visit. More than likely, you'll be learning a lot 
from the authorities. I have never had insunnountable hoops 
placed in my way. But one caveat At least in the West, if you say 
irrigation will be a use of the pond. you will be incurring the 
attention of a large rack of regulations. Most ponds that I have 
seen permaculturists plan are far too small for serious irrigation, 
and incidental water use isn't really within the intent of the 
regulations. If you don't plan on installing a pump, three-inch 
line, and irrigation gun, don't be a permanerd and give the 
inspector a list of IO uses that includes irrigation when you only 
mean taking a bucket to a fruH tree. Just say "wildlife hahit:.11.'· 

2. Don't Leave the Site While Equipment is Working 
Once, against my better judgment, scheduling meant I had two 

operators working on sites about 500 yards apart. I had just told the 
cat operator to stay working on the pond, and not to cut any lower 
on the pu!lout at the road, where there was an eight-inch district 
water main. I looked downslope to the wetland, and saw the 
excavator had gone way wide in the cut and was getting too deep f 

..::; 
into the slope, so that the banks would therefore be too steep. I ran ~ 

down to talk to him, and of course, by the time I got bac:k up top ~ 
there was a flood of water coming down to greet me: The cat " 
operator just had to go back and make another little cut ... and took ~ 
the water main out. ] 

3. Clear the Site Yourself! 
The operator insisted he could clear the brush and trees from the 

pond site much more economically than we could, and of course he 
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was fo~t! We let him, and we ended up with a snarled-together pile 
of stumps, brush, trunks, and topsoil that took us years in sorting 
out. ft was great habitat for gophers and ground squirrels, though 
(we were planting an orchard in the area, and you don't usually try 
to encourage rodents in such a place). I now think of clearing a site 
as a sort of rccyc! i ng project. "Source separation" is better than 
trashing it all and then sorting it. Nine month's lead time is a good 
minimum if you expect to save seed or do transplanting from the 
site . 

4. Check Everything 
If you are in chnrgc of a project, don't rely on others; you' re 

the one holding the bag. Make sure you are totally available with 
the least distrnctions possible. 

5. Always Give Water a11 Outlet 
I like to plan several outlets if it's possible. I think it is essential if 

you are planning anything tricky, like a Jong infiltration swale to 
accept water leaving a pond, to include a "what if' spillway in case 
of ovcrtlow. Thal is, design the swale to take the overflow, but if 
there's a flood, plan an emergency spillway to release the unheard
of water volume where it will do the least damage. 

6. A Stitch in Time ... 

7. When Water Starts Eroding Earth, the Situation 
Usually Does Not Improve 

8. Fix Things Yesterday! 
The above three guideline~ are related, and I'll give you a story 

that ha~ them al I: . 

A shcepsfoot roller, used for compacting earth dams. 



My client recommended an operator that had done work for a 
mutual friend, and we had this operator build the pond I designed. 
He had a fine laser ]eve! and target pole, and I let him use these 
tools to survey his work. When the rains came all at once a :few 
months later, I was idly wondering as I woke up that morning, if the 
pond was filling. Then the phone rang. My client was calling to ask 
if the water was supposed to go over the middle of the dam. I said 
I'd be right over, and I called my other appointments of the morning 
to postpone them. I got to the pond to find the water almost over the 
point of the deepest fill-apparently the experienced operator had 
built the dam level, rather than "crowned" or higher where the fill 
was deeper. Fill will always settle more than undisturbed earth. This 
differential settling meant that the deepest fill had settled more, and 
so became the lowest point of the dam-in this instance, low1~r than 
the spillway. Fortunately, my cheap hand-held level was acc'l.lrate 
enough to do the instantly-needed survey work. If the situation was 
not changed, and fast, the new dam would soon have a cascade 
tearing a hole in its face, and the downslope neighbors would be 
gifted many cubic yards of mud and flood. So I set a new personal 
record for moving quuntities of earth with a spade. lowering the 
spillway and adding to the low spot in the dam. Since then wr..: have 
not had a problem, but it would have been an awkward repair .i;ob. 

A Few Notes on Equipment 
If you have an idea of what you want to use, you can save time 

finding the right operator or looking for what to rent. Buying is 
probably not what you want to do unless you've got a long-te-rm 
need or want to make the machine part of your livelihood 
working for others. Yeomans recommends that a dam can be 
built with just a large cat (bulldozer). I'd like to point out that 
Yeomans was working largely in sedimentary geology-he 
mentions shale, sandstone and mudstone. From my experience, 
compaction is less of an issue in soils weathering out of this sort 
of bedrock. In many cases you may need to provide more 
compaction than a tracked machine is capable of. (That's what 
tracks arc all about, eh? Less compaction!) So you'll need a 
sheepsfoot roller, which ups the cost, or perhaps a wheeled 
vehicle. preferably with great luggy tires. 

A 'dozer will dig more effectively if it has ripper teeth on the· 
back. It' 11 cost more too. You can also dig with an excavator, hut 
I don't recommend the common rubber-tired backhoe. A trucked. 
swivcl-c,1b "trnckhoe" is more versatile and better at moy.ing 
car1h forward to the darn. In this case you'll also need a machin,e 
to spread the earth along the dam. 

Tractors are the most common piece of small earthwork 
machinery, and are cheaper than tr;1ckhoes. Those most suitable: 
for earthwork have four-wheel drive, and a sturdy roll bar is a 
good idea. A front-end loader bucket is pretty standard with such 
machines, and very useful. For the back end of the machine, there 
arc many tools that can be put on a three-point hitch. Tillers are 
common, and a recent pond-building episode at Lost Valley 
Educational Center told me my hunch is correct: rota-tillers are 
great compaction tools. We had a hard time compacting undis
turbed soil, but if we roto-tilled it first, boy, was it easy to 
compact into something approximating concrete! What this says 
for agriculture should make any perrnaculturist grin. A tiller can 
also work bentonite (a natural sodium-rich clay) into a surface a:, 

a sealant. 
Scrapers, usually used for scraping a road surface flat. are 

another common earthworking tool. The most useful type, 
though, is less common: This is called a hydraulically assisted 
box-scraper. It has a scraper blade good for pushing or pulling 
with sides and a set of ripper teeth inside the "box." This all 
means that with a medium-size 4X4 tractor you can dig up a thin 
layer of tough subsoil, de Ii ver it to the dam, and then spread it in 
a thin layer. Not only can a four-wheel drive tractor move more 
quickly than a cat, but moving earth in a curving path is possible 
because the box-scraper has sides. Being a wheeled vehicle, a 
tractor can also achieve good compaction. I think this is a good 
combination for building a small dam. With an experienced 
operator and a small tracked excavator to cut the key under the 
dam, we built a 65-foot-long dam and a berm 45 feet long in six 
hours. 

Another common tractor tool that can move a lot of earth is a 
plow. By turning a furrow in one direction repeatedly, you can 
fonn a basin the same way an antlion digs its lair. Driving in a 
line creates a swale. I'd like to propose that this be considered the 
most noble use for a plow! 

Which brings us to swales: linear water-storing earthworks. A cat 
with a blade that moves sideways as well as up and down (a "three
way" or "sidecasf' blade). is more expensive than a tractor, and 
more versatile. Such a machine can cut a fine swale across a slope, 
and work on steeper land than you ought to. But if you really want 
lo swalc beautifully and quickly, the machine to use is a road 
grJder. These silly-looking stretched-out contraption with the cab 
above a blade can travel fast while cmting, shifting, and smoothing 
a thin layer of earth. What a cat can do in one pass, a grader do 
more swiftly in five or six, leaving a finer finish. If however, you' re 
working on a small scale-less than five or ten acres-the small 
trackhoe or 4X4 tractor with an hydraulically assisted boxscrapcr 
wi II p~obably do just fine. Thert'!' s a lot to experiment with here: to 
my kn·owledge, the definitive perrnaculture manual on swales has 
not been written. 

One last thing to remember: Even if your earthworking project 
doesn't unfold as planned, amazing things will happen. 

Further Reading 
British Trust for Conservation Volunteers, Watenvays and 

Wetlands. (BTCV, 1989). This book is geared 1owards working 
with existing water features with crews of volunteers. Lots of 
situations you might or might not encounter, and lots of good 
techniques. 

Matson, Tim. The Earth Pond Book (Countryman, 1991) and 
T'1e Earth Pond Sourcebook (Countryman, 1997). These books, 
much improved over the first editions, are geared towards multi
use wildlife/recreation ponds, and have lots of great pictures. 
Very good for talking the project up with a client! 

Nelson, K.D. The Design and Constructiort of Small Earth 
Dams (Butterworth-Heinemann, 1985). Really good, and what 
you need if you're going work on the scale of P.A. Yeomans. to 

Rick Valley does com11ltations centering 011 water, /andform, and 
horriculrural systems, and owns and operates Northern Groves 
Bamboo Nursery, PO Box 1236, Philomath, OR 97370. Bamboo 
caralQS_ 
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I'll Have a Carpet Sandwich Please
Hold the Water 
Peter Bane 

B UILDING PONDS is one of the easiest ways to bring 
more life into your landscape. Even the tiniest garden can 
benefit from a bird bath or small pool sunk in the ground. 

These little bits of water will provide habitat for frogs and other 
pest-eating amphibians, help the birds, and provide an environ
ment for valuable aquatic plants. Water in the landscape also 
soothes the soul, drawing us naturally into contemplation. 

And building ponds can be relatively easy. A garden-sized 
pool, from start to finish, is an afternoon project for one or two. 
Six to ten friends gathered for a work party can complete a much 
larger pond (up to 200 square feet surface area) in the same time, 
if materials are gathered ahead. For larger efforts you' !I probably 
want to plan on the use of an earthmoving machine, whether a 
tractor with a bucket, a small backhoe or bobcat, on up'to 
bulldozers and draglines for large earthen dams. 

Earthworks that impound !lowing water should always be 
carefully engineered, but small ponds (to 2000 square feet) 
holding intermittent surface runoff or groundwater seepage are 
less demanding and can be safely approached by the owner 
builder if some basic principles are observed. 

I. Always leave a spillway for flood flow that is lower than 
the lowest point on the dam by at least a foot (on larger 
ponds, 2-3 feet). The spillway should be grassed or rocked 
depending on the expected overflow volume. 

2. Remove a11 organic matter from the dam area and use 
the best clay available for sealing both pond and dam. 
Particularly avoid leaving any trees with roots that might 
penetrate the dam or pond bottom. This is the most common 
cause of leaks. 

3. Build up the dam itself in layers of 4 to 6 inches, 
compacting each before adding the next. 

4. Revegetatc the dam face and a11 bare earth immediately 
after completing earthworks and lining of the pond. Use 
only grasses and herbaceous plants on the dam face. 
Avoid all trees and large woody shrubs. 

5. Plan for a silt trap upstream of the inflow. This 
will greatly extend the life of your pond by allowing 
you to remove much of the sediment carried by runoff 
waters before it is deposited on the pond bottom. Don't 
forget to harvest this valuable material for gardens. 

Sealing the Pond 
If you are fortunate enough to have good clay available 

in your subsoil layers, you may be able to seal your pond 
by compacting native earth using excavating machinery or 
heavy animals. Even stomping around in your galoshes on 
the bottom of a small pond can help seal it if the soil i~ 
suitable. You can test for clay content by rolling a sample 
of the subsoil between your palms. If you can draw it out 
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into a head (or rope) the thickness of a pencil, it should seal and 
hold wnter. That is, if you have excavated and built your pond 
properly. If you don't have this quality of clay available, you' JI 
probably have to line your pond artificially. 

There are numerous ways to seal a pond. Mollison describes 
several in Pen11aculwre: A Designer·s Manual. You can use 
bentornite, a mined clay that expands greatly in water. Or you can 
till sod.a ash into the bottom soiL Or lay down organic matter 
(manure and green plant materi a I) in anaerobic conditions for 
scvern I weeks to create a gley, or i mpermeab!e layer of fermented 
slime. But one of the simplest methods, which is applicable to a 
wide rnnge of pond sizes, from tiny pools up to swimming ponds 
of 2000 square feet surface area is the Carpet Sandwich Liner. 

High-End Salvage 
Us.ed carpet is a ubiquitous material in North America. 

Hundreds of thousands of acres of it arc abandoned each year. 
And it's free for the asking, available in a dumpster near you. 
Unti I that happy day when carpet companies take it all back for 
remanufacturc into new carpet, it's a total Joss to the national 
bou,;,m line unless it's reused. And most people don't want 10- to 
20-year-old indoor mulch, since carpet docsn 't improve with age. 
For now it's a nearly perfect material for pnnd lining. 

Hlere's how it works: Carpel provides the pond with a tough 
layer that is hard to puncture, but carpet is porous. The impcrme
abk part of the carpet sandwich liner is polyethylene sheeting, 
sometimes called builder's plastic. This is heavy clear or black 
plastic sheet. It's sturdy, easily cut and'handlcd, relatively non
toxic, widely available commercially for a thousand common 
usf;s in construction, and cheap. A thousand square feet of six-mi I 
(that's not 6mm but 6 thousandths of an inch) sheet goes for $20 
ref ail in the U.S. Polyethylene sheeting scab, the pond. The carpet 



he toppnf hy more carpet. 

sandwiches the plastic to protect it from .1hrasion by soil and 
stone bi;low the pond and from sunlight above the surface. By the 
time you haul ii home for pond lining. used carpet has long out
g,1sscd its forma!dahydes and other volatile toxins. Embedded 
dirt is merely food for the ,iqtintic organisms whose new home it 
will soon become. 

Technique is straightforward. Gather carpet sections at your 
leisure and stockpile them near the pond site. When you're ready 
to line the pond. unroll and check the carpet. Remove any t:icks. 
nails, or sharp debris. L:1y the carpet pile-side up on the bonom of 
the excavation. rolling out the carpet pieces from the edge of the 
pond toward the hot1om. Overlap the pieces generously. Using 
lm1dscape staples (heavy wire hoops thut look like miniature 
croquet wickets). peg the top edge of the carpet :ilong the upper 
edge of the pond embankment. Cover the entire slllface. 

Next install the plastic liner. Unroll the sheeting. which usually 
comes in 100-foot rolls either ten or twenty feet in width. Cut the 
rolls if you must to fit the shape of the pond. Make rough 
rectangles bigger th,m the cxcavalio11-you'll trim the edges 
later. 1 f the pond is wider than lhc plastic. cut the shcel to match 
the long dimension of the pond. overlap the edges of the sheets. 
and fold the edges over each other scvernl times to make a lap 
scam. No glue is ncedc<l as the w:iter pressure will seal the seam. 
though you may wish to use tape to hold the two large pieces 
st;1ble while you position them. This lap scam is simple. To 
visualize the basic _joint. grasp the fingers of your hands _together 
left inside right and right inside left. In stitchery it's called a tlnt
fcll scam-the legs of your blue jenns me made with them. The 
more times the.seam is rolled into itself. the stronger it gets. 

With the plastic cut nnd seamed as needed, position it so that 
the entire bottom surface of the pond is covered and the plastic 
overlaps the lop edge of the carpet, including the spillway. Peg 
the liner sheet along the top with more staples. leaving enough 
materi.il to till any contours and indentation~ in the bottom of the 
pond without stretching. _ 

Some tips to smooth the process: though it's tough. six-mil 
polyethylene can be punctured hy sharp objects. so handle with 
care. On lnrger ponds where replacing the liner would be a big 
deal. I recommend using two sheets. It's cheap insurance against 
leakage. Black plastic is more resistant to ultraviolet light t~an 

clear, but in hot wcat~er, working in the middle of a large sheet 
of black plastic can be extremely uncomfortable. Consider your 
conditions and choose accordingly. Wear socks, slippers. or other 
footwear that won't puncture the plastic, as you will have to walk 
on it to lay the final carpet sections. Beware of soil, stones, sticks, 
and other debris that may fall on the newly laid plastic liner 
before it is covered by the last carpet layer. These can puncture 
the liner. The larger the pond you are working with the more 
you'll be scrambling in and out of it and the greater is the chance 
of knocking material onto the new surface. 

With plastic in place, you're ready for the third layer of the 
liner. Choose long carpet sections and overlap them generously, 
pile side down. Since you can only peg these sections at the top 
they should be long enough to reach the bottom, otherwise you"ll 
wind up laying small sections of carpet on the bottom of the pond 
and they'll tend to move around, maybe even float, exposing the 
plastic sheeting. While this exposure is not necessarily fatal to the 
liner. it will be at greater risk to things falling in the pond
swimmer's toenails and the like. After covering the plastic entirely, 
trim out unnecessary material. Be generous with staples to peg the 
top edge of the I iner to the pond bank: The weight of the carpet and 
the action of creatures going in and out of the pond (frogs, ducks, 
people) may pu 11 the carpet sandwich loose_ if it• s not well secured. 

From here it's landscaping work. Planting around the edge of 
the pond will complex its ecosystem. Making a place to approach 
the pond easily encourages people interactions. And you will 
want to cover up the rough edges. At the end of the day you will 
hnvc a lot of exposed carpet-backing around the edge of the pond. 
Over Lime. this will wick moisture from the pond upwards and 
may suslllin moss or grasses rooting in the jute mesh. But you can 
hasten the conversion of this waste material into substrate for 
naturnl community by laying soil over the bank edge of the carpet 
mid planting it. If the hank is not too steep, you can sow seed 
onto the carpet. cover it with straw and start grasses and legumes. 
Stones on the edge can help retain small pockets of soil and 
support pond-side gardens. A floating strawbale anchored at the 
edge of the pond will both limit algae growth (by absorbing excess 
nitrogen) and support other aquatic life. The bale makes a great 
planting site too, sort of a quick-and-dirty chinampa. One of these 
gave us our best tomatoes last summer: ripe and pest-free with a 
drngonfl y squadron patrolling the skies at all times! 

Pond-building is one of the most s,1tisfying activities in the 
permaculture book of magic. Since life evolved from water, 
going hack to tile source in this way calls forth amazing fecun
dity. So if you've been wondering what to do with that extra Toof 
runoff or the outflow of a road ditch, call up a few friends and 
invite them over to make a sandwich. Ii 

Peter Bane /milt the 50' x 25' pond pictured above in his 
neighhorhood at Earthal'en Vil/age in westem North Carolina 
ll'ith the help of a huffdoza. a backhoe, and ji1•e friemls. It cost 
about $250 in 01,erator time, $85 in nwleria/s, a lw{fdozen trips 
to the dumpster, and was lined in about three hours. fl holds 
a/Jou/ 20,000 gallons of water and has heen ill co11timw11s use by 
frogs, SH'immers, water snakes, and a host of fw11py insecti since 
May of /999. It just gets better. 
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A Multi-Use Constructed Wetland 
at Sustainable Settings 
Brook Le Van and Rose L. Le Van 
Wetlands are the kidneys of the planet 
And water is the lifeblood 

SCIENTISTS AND LANDOWNERS have lately hecomc 
aware of the vital role wetlands play in the ecological 
health of the planet. Wetlands act as giant sponges, soaking 

up rainfall and runoff, thereby retarding flooding. They recharge 
aquifers and release water during drought. Wetlands enhance 
biodiversity by offering refuge for wildlife. They also stabilize 
shorelines. filter out pollutants, sequester carbon, and cl\:!anse water. 
Whether for ecology, ethics, or education, a wetland is a vita! entity. 

Loss of functioning wetlands is a sad consequence of current 
approaches to land development. These threatened areas play a 
crucia1 role in healthy ecosystems. Many have said that the rain 
forests arc the earth's lungs. To extend this metaphor, wetlands 
are her kidneys. Although saving and restoring natural wetlands 
is essential, another way to offset the loss is by building con
structed wetlands. These constructed systems are valuable even if 
just as a means of drawing attention to the loss of their crucial 
natural counterparts. 

In 1997 we co-founded Sustainable Settings, a high-altitude semi
arid research and demonstration center for sustainable livelihood in 
Woody Creek, Colomdo, near Aspen. Our programs encompass six 
integral elements: "art for daily life," garden-farming, green 
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development, experiential learning, financial independence, and 
community. Sustainable Settings is founded on the belief that 
collaboration is more powerful thai1 singular inspiration. Our 
programs. facilities, and grounds demonstrate that no action stands 
alone. Just as our garden and building systems are interdependent, 
so too are the individuals in a community important to one another. 

Understanding that we did not know all there is to know, we 
built a National Advisory Board and a Green Design Team to 
guide us in our efforts to create a model of sustainable living for 
our bioregion. After inhabiting the site for a almut a xcar_wc 
invited Rocky Mountain lnstitute's Green Development Services 
to facilitate a initial design charrette for Sustainable Settings. We 
brought community members together with professionals in 
architecture, community organizing, green development, organic 
farming, pennaculture, progressive education, renewable energy, 
visual arts, and biological waste treatment. During the 12-hour 
charrette we walked the 208-acre site to identify the best location 
and zoning strategies for Sustainable Setlings. We noticed that 
the existing run-down pond and the grass-covered, south-facing 
earthen dam seemed to anchor the project, allowing a wealth of 
possibilities for stacking functions in and around this precious 
source of Ii fe. 

When we inherlted the pond it was leaking, holding only 40o/c 
of its potential. The exposed polypropylene liner had deteriorated 
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due to the intense 
ultraviolet light we 
receive here near 8,000 
feet elevation. We found 
tires and trash, but 
identified no native 
wetland phiiits. For our 
demonstration of 
su~tainablc living 
systems, we needed to 
design a multi-use 
constructed wetland and 
pond system hosting 
many elements and 
serving numerous 
functions. 

The 60-by-90-foot 
constructed wetland was 
planned to stack these 
functions: 

• A 10-foot-deep 
reservoir for nutrient-rich 
irrigation water; 

• Fire suppression; 
• A wildlife corridor 



Willi the liner i11stalled, backfilling he~i11s. Note the lre11ch 
arowul the perimeter tlwtfonns the wetland bmch. 

into the site; 
• A self-regulating system of native plants and other organisms to 

approximate a natural wetland ecosystem; 
• A sanctuary for the endangered tiger salamander and for wild 

ducks and a host of other-native biota; 
• A source of nutrient-rich aquatic plants for mulching our edible 

landscape; 
• A source of edible aquatic plants for livestock feed and human 

consumption; 
• A ~ourc:e of native wetland plants for regional restoration 

projects; 
• An educational resource-a model for riparian studies and 

systems-based learning in sustainable agriculture in nearby schools 
as part of our ecological literacy outreach programming; 

• A community swimming hole; 
• A demonstration to developers, ranchers, fanners, and home 

owners, through its integrated design, that a water feature in a 
development can be an agricultural or waste-treatment system and 
still be friendly to its inhabitants and encourage the surrounding 
natural environment; and 

•Away to build partnerships with neighbors, county and state 
environmental officials, local environmental and conservancy 
nonprofits, and local and national companies in the research, 
planning, development, and use of the wetland. 

Partnerships in Research and Desig!i 
We began our research by finding individuals and organizations 

in our area that we could partner with in designing and building our 
wetland. This outreach to the community proved valuable. Our 
valley community has rallied with advice, donations of plant 
material, educational collaborations, hard data, excavation help, and 
funding. 

We discussed our designs and intentions with local conservation 
and environmental experts a~d with the parks department. They 

helped us undersrnnd the native biota and how to form the wetland 
for the range of habitat we wanted. We spoke with experienced 
pond builders and brought the excavator operator into the conversa
tion earl)' on. Then we consulted Rocky Mountain Native Plants, 
Inc. on native species we would plant that would not be invasive. 
With all the design criteria in place, the limits of our site led us to 
sca[e ,our wetland'appropriate!y. We had blueprints drawn up, and 
then approached manufacturers of pond I iners for donations. Reef 
Industries of Houston, Texas worked with us 10 design a liner. They 
offered their engineering advice and provided the 60-by-90-foot 
liner that now seals the wetland. 

The Welland's Structural Elements 
Our constructed wetland system has seven primary structural 

elemcnLs: inlet, liner, wetland, the dam between the two bodies of 
water. the 10-foot-decp reservoir with wetland bench, the overflow, 
and the large earthen dam containing the whole system. Consider
ing each of these clements provided multiple opportunities for us to 
enhance the design. 

Inlet: The inlet brings in now from the Salvation Ditch, which 
was huilt in 1908 by tunnel huildcrs and hard-rock silver miners: 
Czech, Slavic and Northern Italian immigrants of the 1800s. The 
waterway is an earthen ditch system drawing flow off the Roaring 
Fork River above Aspen. Each year, the Salvation Ditch Company, 
a collection of ranchers and homeowners who maintain and use the 
ditch, meet to vote on flow dates and repairs. Since the ditch only 
flows from Mid-May to Mid-October, this wet and dry cycle guided 
our design considerations, especially affecting which plant and 
animal species we would incorporate and attract. 

We pull flow from the Salvation Ditch through a series of earthen 
ditches which eventually pass under a road and emerge on the edge 
of our eastern pear-cherry forest garden guild. Here we have lined 
and rocked the inlet and planted barrenground willow (Sa/Li: 
lm1cl1_\'C(1rpa) to create a wildlife corridor into the site by establish
ing a willow C[UT, or grove/guild. 

Liner: We initially-planned to line our porous soil with layers 
of clay and bentonitc. But we learned from neighbors with ponds 
and local pond-huilders that in our area, clay liners are more 
expensive up front, and in the long run don't hold up as well due 
to-among other things;--muskrats and other burrowing animals. 

The pond i,m 'f finished, but they just can 'r stay out of the water. 
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Adding wetland species to the pond edge. 

After understanding our nonprofit status one contractor said, "I 
make my money on folks like yourself. First I lay down·clay. 
Then I wait for the call. In about three years you hire me back to 
fix your pond and I drop in a I iner that lasts." Reef Industries 
donated the Permalon Ply-X 2l0O high-density polyethylene 
membrane for our liner. 

Wetland: To encourage a self-regulating system of native plant 
and animal life, we made most of the wetland 18 inches deep or 
less. We saved the old pond muck during excavation, re-using it to 
provide a foundation of microinvertebrntes to feed insects, tadpoles, 
zooplankton, snails, and shrimp. This also supplied soil fertile 
enough for the vegetation we planned. Once we had back-filled 
over the liner we feathered the banks and lnid in tree limbs and 
rocks to increase edge and multiply habitats. We also kept in mind 
that the introduction of non-native fish to waters historically barren 
of fish has greatly reduced the numbers of native invertebrates and 
amphibians all over Colorado. This is a situation we wished to 
redress in our system by nudging the wetland and pond more 
toward support of native species, rather than creating a more typical 
perrnaculture design of exotic, food-producing aquaculture. 

Once we had opened the ditch to fill the wetland and pond, the 
students who had been caring for the rescued tiger salamanders 
returned them to the wetland. But this was only one life-form. We 
needed to inoculate the wetland with biota from a healthy native 
riparian system. For this we partnered with the Aspen Center for 
Environmental Studies (ACES). 

ACES ha~ been a national example of native habitat preservation 
and environmental education for over 30 years. Our collaboration 
was simple. After some discussion we decided to soak a bale of 
straw in the shallows of the lake for a month or so, assuming that 
biota in the lake would inhabit the bale. Then we would collect the 
bale and several other non-invasive deep emergent plant species and 
inoculate our new wetland. 

Late last summer we retrieved the saturated bale and brought it 
to the wetland in large tubs and buckets. We distributed the 
waterlogged bale flakes, harvested wetland varieties, and lake 
water across the shallow wetland section. Within weeks the 
young aquatic system exploded with life. This spring after 
freezing solid and a winter of evapotranspiration we watched 
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again as the wetland came to life. This strawbale inoculation 
technique has been extremely successful. Our wetland is now 
teeming with all the signs of a very healthy system. 

Interior dam: We wanted to maintain a fairly consistent water 
level in the wetland section while allowing warcr for fire suppres
sion and daily irrigation to be drawn off for the surrounding 
gardens, guilds, and other land~capes. To have this, plus regular 
flow through the system, we built an interior dam with a central 
overflow. The top of the dam is now a favorite stone path across 
the pond and also .illows 1.fS to study closely the wetland habitat. 

Ten.foot-deep reservoir: The larger and deeper of the two 
bodies of water is meant to supply irrigation water to our forest 
gardens, market beds, and the surrounding landscape. The pond 
we inherited was already supporting this function, as well as 
providing fire suppression for the surrounding land. Once 
installed, it lowered our insurance premiums substantially. When 
we planted sod and some trees, we were able to irrigate them 
from the pond. But we have enhanced this basic setup from a 
"pond as large hole in the ground to hold water" to this demon
stration of a multi-use constructed wetland hosting numerous 
agricultural and social functions. 

Wetland bench: Surrounding the reservoir is a two- to three
foot-deep trench, creating a wetland bench. We fonned the pond 
edges to include this trench, and tucked the pond liner into the 
bank, whic~ scrnred it well above water level. To reestablish the 
aquatic microbial community we laid into the trench some of the 
rich pond muck saved during excavation. Native plantings are 
now taking hold in the bench, establishing a healthy transitional 
edge into the 1 est of the site. 

Overflow: Dug into the earthen dam and sealed into the liner 
with a polyethylene boot is a six-inch-diameter Schedule 40 
pipe-the main overflow of 1he system. We've slipped (not 
glued) on to the pond end of the pipe a 90 degree fitting which 
we can swivel to adjust the level of the pond. By comrol!ing the 
level of the overflow pipe we can keep continuous flow across 
the wetland and the pond for the whole irrigation season. 

Earthen dam: Containing the whole system is a large earthen 
dam hosting forest garden guilds, a swimming beach, and a 
pergola and harvest table that encourage community use. This 
fall we are planting a windbreak lo the north and west of the 
dam, a mixture of coniferous and deciduous trees and shrubs that 
will lift our gusty prevailing winds over the wetland. This shift 
in microclimate will, we hope, warm us from USDA zone 3-4 to 
4-5. 

The pond has yet another function: it's a swimming hole. Even 
at 8,000 feet we have some hot summer dnys. It didn't take long 
before community members were stripping down and diving in 
during lunch breaks, and waging water wars. Maybe someday 
we'll have a tree tall enough to swing from. 

Planting the Wetland· 
We have selected wetland plants appropriate to local conditions, 

including grasses, sedges, rushes, willows, irises, carex. Here is a 
sampling of some of the native species we transplanted in and 
around our wetland, and how we installed them: 

Beaked sedge (C"rex wric11/ata) were planted in the delta-of the 



--------------------· inlet and in a rough area with scrub oak on the water· s ec.'lge and into 
water up to l-:2 inches deep on I :2-to 18-inch spacing. 

Creeping spikerush (Eleoclwris palusrris) was used. on the 
wetland bench around the deep end edge of the water to 2 inches 
deep on 1-foot centers. It spreads well. 

Hardstem hulrush (Scirpus ac11tus) is an inundated emergent 
that we planted on 2- lo 3-foot centers throughout the wetland 
area. Three I-gallon pods were wrapped together with chicken 
wire to protecl them from geese and other wildlife until they 
takes hold. 

Arrowgrass (Trig/ochi11 11writinwm) was planted on the island 
edges and rough area edges 6 inches above the wat,~r·s edge on 
12- to 18-inch centers. 

Large leaf avens (Ge11111 nwcrophyllum), which l[kes drier 
areas. was planted 6 inches above the water on the island. and 
interspersed around the wetland bench. 

Meadow rue (Tha/icrrnmfendleri), which grow~ in aspen 
forest, was planted where taller trees would shade it. 

For other species appropriate to our Central Roe ky Mountain 
region visit our Web site page: www.sustainablescttings.org/ 
constructed_ wet! and. html 

Stacking Wetland Functions 
An added benefit of wetlands is the vital part th.ey play in 

sequestering carbon dioxide from the atmosphere In Constructed 
Wet/011ds in the Sustainable Lwzdscape, Craig Campbell and 
Michael Ogden state: 

Wetlands are one of the principal ecosystems on the planet for 

recycling the essential elements of life (carbon, hydrogen. 

nitrogen and phosphorus}, ns well as the metullic m icronutrients. 

They are the planet's kidneys. purifying the waters, and they-have 

been doing so in varying forms for probably 250 ir.,illion yea'rs. 

The processes involved in recycling carbon are ... an essential 

element of the wetland ecology. The generally acc.epted range of 

carbon a wet land can accept is l 12 kg/ha/year. Mo st or the carbon 

remains in the wetlands in the form of highly reduced. long chain 

carbon compounds or in the form of peat-like plant materials. The 

retention of carbon in wetlands is a significant part of the ge<-1logic 

cycle nf carbon. In natural wetlands these forms of carbon 

eventually become coal and oil deposits. 

(See Campbell, page 49, figure 3.1 for a schematic of the carbon 
cycle in wetlands.) 

The newly created wetland system is central to the Sustainable 
Settings $ile. It is a beautiful focal point, a p!ac•~ for children to 
look under rocks and !fearch for insects, and a peaceful place for 
people to sit. Many community members, neig"hbors, and visitors 
have remarked on the transformation of the site. They come up to 
the wetland and its surrounding forest garden for solitude and to 
meditate in the beauty and dynamic sense of place that our subtle 
shifts have encouraged. 

In the first year the area's biodiversity has multiplied lO0-fold 
and our forest garden and market gardens are blossoming from 
the fertile water and mulches of chara, algae, and emergent plants 
they receive. In the future we plan to harvesl willow cuttings, 
divide irises, and collect carex seeds to propajgate, sell, and share 

The young of many species are thrivi11g in the pond. 

with others for restoring wetlands throughout our watershed. 
Finally, a pergola of standing but dead native gamble-oaks above 
a 12-foot-long table and benches is planned on the southern bank 
to encourage outdoor meals and community gatherings. In the 
end we have succeeded in demonstrating the power of collective 
intelligence through careful design and remaining open to the 
wealth of knowledge in our valley community. 

Resources: 
Matson, Tim. Earth Po11d.1· Sourcehook. Countryman, 1997 (See 

the useful list of resources on pages ! 60- l 63 ). 
Campbell, Craig and Michael Ogden. Constructed Wetlands in 

the Sustainable landscape. John Wiley and Sons, 1999. 
Mollison, Bill. A'nnarnlr11re: A Desig11er's Manual. Tagari, 

1988. ' 

Visit Rocky Mountain Native Plants' web site for infonnation on 
their work and services. www.nnnativeplants.com . 

For infonnation on your watershed visit the EPA's Web site at 
"Surf your watershed." www.epa.gov 

Also try this Web I ink for an exhaustive I ist of wetland resources. 
http://rbwinston.home.mindspring.com/wetland.htm#Constructed 
Wetlands 

We wish to thank the many people, businesses, and organizations 
who through their generosity made this project possible. t:,,, 

Sustainable Settings' educatimwl mission is to c11/tfrate the full 
person, i11d11di11g nuinua/ competence and feeling as well as 
imellect. Our curriculum is system-based and faFors ti symbiotic 
relation herwee11 teaming and locality. Brook a11d Rose Le Vm1 ca11 
be comacted at Sustainahle Settings, PO Box 336, Woody Creek, 
CO. USA 81656. Voice: 970-923-1366, Fax: 970-923-1367. email: 
info@s11stai11ab/esetri11gs,org, and Web site: 
11·11·1r.sustai11ab/esettings.org. Also l'isit our parent 11011pro.fit 
COM PASS at w11·w.di.1·covercompass.org 
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Earth working with Small Animals 

Minipig, Megabulldozer 
Toby Hemenway 

E 
WAS THE ODDEST SOUND. We'd been hearing it for 

several minutes. A bit like a hiccup, with a little dog-bark 
thrown in, but muffled enough by the kitchen door so that we 

couldn't tell just what stood outside, generating this strange noise. 
With caution and curiosity we opened the door, and there stood 
Archie, the neighbor's pot-bellied pig. His whole barrel-like body 
heaved with each happy oink, and his expressive, moist snout was 
covered in mud. We grinned with a·musement at his pudgy, 
wrinkled countenance. Grinned, that is, until we looked behind him 
and saw the torn-up herb bed, the overturned flower pots, and the 
deep trenches rooted through the garden beds and lawn. He had 
only been in the y<1Td a few minutes, and had already done immense 
damage. I was outraged. But under my anger was awe and respect 
for the amount of earth this little animal had turned over in such a 
short time. How could I harness this little porcine dynamo? 

I'd met Archie's owners a few days back, stopping by when I saw 
the trailer they had dragged from nearby Roseburg to the fresh 
clearcut down the road from us. Though only in their thirties, both 
Brad and Kathy collected disability irisurance. Several times over 
the next few weeks, Brad regaled me with his medical history: 
motorcycle accidents, logging injuries, two-week comas, brain 
damage, knee surgeries, fused disks. J was surprised the man was 
still living, and resolved to stay clear of him when equipment was 
running. Kathy seemed perfectly fit. Only later was I to learn what 
her disability was. 

The Escape Artist 
They had brought their Vietnamese pot-bel!ied pig with them on 

their move from town, and were struggling to build an adequate pen 
for him. I looked skeptically at the enclosure-a lashed-together 
assortment of fencing scraps, slackly tied between misaligned posts 
into an odd trapezoidal shape-and suggested they tighten it up a 
bit. They assured me that Archie was tame and would stay put. 

So when Archie appeared at our door, we weren't surprised. We 
fed him some kitchen scraps, and then, leading him with a cut-up 
apple, I lured him the quarter-mile back to his pen. I quickly spotted 
where he had pushed under the limp fencing, and rolled a log in 
place to block the escape route. 

This became a regular ritual for me. After each early-morning 
visit from Archie, I would return to his pen armed with fencing 
tools and wire, and I gradually upgraded his enclosure to a pig
proof state. This was no easy task, as pigs are very smart, and 
Archie had nothing better to do than spend his day exploring 
weaknesses in the makeshift pen. He was strong, too, and could lean 
his eighty-pound body into a fencing section until even a stout wire 
tie unwound. Brad began calling him "Our little Houdini." 

Since Archie was becoming a regular guest, I began watching 
him to see how to best make use of his earthmoving talents. He 
seemed to particularly relish the tender roots of young grass, and I 
had a hedge of Maximilian sunflowers that had been invaded by 
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Bermuda grass, so I put him to work. He did a fair job of uprooting 
and eating the grass without damaging the sunllowers. He would 
burrow beneath a tuft of grass, and with his mobile, strong, and 
sensitive snout, neatly lift the grnss from between the sunflower 
shoots and nib'ble the pale white roots. I was pleased that he didn't 
eat the Maximdian buds. The downside was that he also loved 
worms. He would une~h one fat, l~ing wriggler after another, and 
noisily suck it, .~paghetti-style, into his mouth. But if that was the 
price that I-and the worms-had to pay for Archie's talents, I was 
willing to do it. 
· He was also a natural-born compost turner, diving deep into the 
pile for food scraps, worms, and succulent roots. Bm I longed to 
direct his energ:v in a more focused way. Besides, when he 
exhausted the compost, he would attack mulched beds. He also 
loved strawberries, lettuce, and particularly, lady's mantle. Our 
front-yard Alchemilla mollis was the target of repeated 
depredations, and quickly became nothing but stalks. 

Rick Valley bi-illiantly suggested that I lay out two fences on 
contour about three feet apart, and have Archie run between them to 
dig swalcs. But l hesitated to undertake this project since Archie 
wasn't ours. Tha~ soon changed. 

Archie had been Kathy's pet for eight years, often snuggling onto 
her lap while she watched television. When she manied Brad, 
Archie became part of the family. But Brad had never developed 
much of a relationship with the pig. One morning, Kathy rose 
before Brad, )efl their trailer, and went to a shed they used as a den 
and living room. I learned later that Kathy suffered from crippling 
bouts of paranoia and anxiety, and had been in and out of 
institutions for her illness. That morning, in the grip of one of these 
episodes, she climbed atop Brad's pool table, doused herself in 
gasoline, and set herself on fire. Brad found her still-smoldering 
body hours later when he awoke, and snuffed out the remaining 
flames with his hands. 

Over the next fow days we visited Brad, hringing him meals and 

Inside his pig tractor, Ar ·hie till.1· and m,mures the soil 



listening to him grieve. He asked us if we wanted Archie, as the pig 
was too painfully associated with Kathy in his mind, and he was in 
no state to care for an anim.i!. So next to our main garden I built a 

stout and sturdy pigpen from heavy-gauge hog panels . .ind Archie 
moved in with us. 

It was spring, and the soil was drying nicely. The lime was right 
to employ Archie• s rooting expertise.· I bought two r:iore 16-foot 
sections of hog paneling (three-foot-high rigid fence-panels of 
welded 3/16-inch wire) and cut each in h.ilf. My cutting left tcn
inch-long stubs of wire protruding from one side of two of the half
panels. I bent thcse--except for the hottom stub-into loops to 
create a flexible hinge connecting each pair of eight-foot panels. I 
then tied the two pairs of panels together with heavy wire, pulled 
the four fence-panels· into a square, and 

used carabiners to click the last two sides 
together so that the enclosure could easily 
be opened on one side. The bottom stubs 
of wire that I hadn't twisted into loops I 
bent downward into spikes to shove into 
the ground to hold the whole affair in 
place. This collapsible eight-by-eight-foot . 
movable pen was Archie's pig tractor. 

I set up the pig tractor over a fallow 
nursery-bed (pigs and humans share 
many pathogens, so it's best not to use 
pig manure on food crops unless it's been 
composted for a year or so). Then I 
coazed Archie in with an apple. He 
quickly began grnzing the weeds and 
gmss. In an hour he had trimmed down_ 

the greenery, and began phase two: the 
heavy rooting . 
• When he roots, Archie looks like a 
pint-sized bulldozer, dropping his large 
head and tough snout onto the ground, 
setting his short legs, and then pile-driving forward in short bursts. 
He plows a furrow two to four inches deep, of!en diving to six 
inches or more when he unearths some tender morsel. Within three 
hours he had tilled nearly the entire pen, 64 square feet, although the 

weeds lay in still-viable clumps on the surface. I had learned that 
fresh bedding stimulates his rooting urge, so when I brought him 
back the next afternoon, I laid down straw for him. He happily 
renewed his efforts, and soon the bed was nothing but tilled emth 
and a few overturned weed stubs. The straw was dotted with 
wrinkled pig droppings. The next day I moved the pen and in 
another two afternoons Archie had turned that bed as well. 

He quickly grows bored in such a small space, so I confine him tti 

the tractor for no more than a few hours at a time. Three to four 
sessions in the tractor are usually enough to till the soil, though he 

would contribute more fertilizer if I left him longer. He· s strong 
enough to lift the tractor and squeeze under it, so I've made spikes 

from rebar with one end bent into a loop. I drive two of these into 
the ground on opposite sides of the tractor until the loop catches the 
wire fencing, securely anchoring the pen. On hot or rainy days I set 

metal rooting over part of the tractor for shelter, and I make sure he 
has plenty of water. And we visit him often, as he likes 
companionship. He's happiest when rooting nearus while we work 

in the garden. responding to our greetings with enthusiastic oinks. 

Learning from Archie 
One of the gre:ite~t benefits of having a pig, beyond Archie's 

Herculean labors, is understanding animal consciousnes;s. I've 
known cats and dogs, and understand something of how their minds 
work. But pigs are a different breed, and I often mistakenly expect 
him to behave like the more common house pets. Archie is easily as 
smart as a dog, but in ways that are a bit foreign to me. He 

remembers all the places on our propcity where food has appeared, 
checking each fruit tree or snack site in tum as soon as he's out of 
his pen. But he just as quickly remembers when a fig or plum has 
stopped bearing, and reorganizes his foraging pattern after one or 

two fruitless visits. He can open gates, 
insen his flexible snout between cabinet 
doors to pop them open, and has·,m 
astounding range of vocal izutions~ 
some of them utterly heartbreaking when 
he's been in his pen too long. 

He has organized his pen by functions. 
He quickly established a toilet area on 
the comer farthest from his house, 

keeping the rest of his pen clean. When 
hi~ food bowl is empty, he places it near 
the fence so we rnn refill it easily. Each 

night he wedges a blanket against the 
door of his shed to block drafts. When I 
noted his sensitivity lo drafts, I stapled a 

plastic sheet over his doorway. He soon 
bit a hole in the center, large enough to 

poke his snout through to sec and smell 
around him. He's the consummate 
re modeler. 

His sense of smell is uncanny. 

Rooting in a harvested potato bed, he 
will wave his nose over the ground, then dive in purposefully and 
pull out ri potnto !hat I have missed, never failing to find food each 
time. 

He constantly educates us. Bamboo enthusiast Simon Henderson 
paid us a visit recently, and remarked that in the wild these animals 
build homes out of brush, much like a beaver lodge. So we tossed in 
,1 pile or Scotch broom prunings, and Archie immediately set to 
work. He spread a layer over his toilet, built a benn against the 
north wall of his house, and installed an archway in front of his 
door. Where a piece of broken fencing poked a sharp point into his 

pen. he laid a buffer of branches over it to protect himself. And each 
night he carries brush into his home to make a soft bed. 

I'd always been a little contemptuous of people who owned pot
bellied pigs. These pets seemed like useless show-animals, cruelly 
bonsai· d into a size suitable for suburbia. Archie has proved me 

wrong. He e,ims his keep, educates us. and responds joyfully and 
intelligently 10 each improvement we make in his home. This is one 
rig who brings home the bacon, in the best way possible. L'1 

To/Jv Hcmemrny iil'es in sourhem Oregon and is as.wci(lfe 
editor of' Permaculture Activist. His book mi ,,emwculture 
ganle11i11R will he published hy Chelsea Grun in ee1rly 2001. 
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Energy Toµches Everything 
Peter Bane 

W E ARE SURROUNDED BY ENERGY, yet we 
scarcely notice it. Perhaps when the din of city traffic 
presses in or we look across the suburban night 

landscape to see thousands of lights illuminating the sky we 
remember, but energy moves our lives in a thousand ways we do 
not see or feel. 

Energy affects the price we pay for almost everything; it orders 
our economic relationships, the food we eat, determines when (or 
if) we will go to work, says who will prosper and who will 
decline. Our industrial societies are awash in a sea of fossil 
energy, extracted from the geologic past, disappearing in the 
merest blink of an eye, never to return in human history. Yet we 
take it all for granted, consume it extravagantly, ignore the 
consequences. Industrial energy is a vast illusion. And we are 

addicted to it. 
One of the problems of energy is just this addiction. We are in 

denial about our use and what it will take to shift patterns. Until 
quite recently the largest corporations in the world and the U.S. 
government (among a few others) were vehemently insisting that 
burning fossil fuels did not lead inexorably to global wanning, 
melting polar ice, and rising seas, though the evidence has 
convinced most of the world's scientists long hence. And while 
there are some signs that the energy giants are backpedalling on 
their opposition to a global climate agreement, diehard legislators 
in the U.S. are still stonewalling the adoption of the all-too-timid 
Kyoto accords. To demand better of our leaders, we must become 
the leaders we need. 

Energy is the key to sustainability. Providing enough energy to 
meet the needs of IO billion humans for a decent life !Ind doing 
that from sources that aie indefinitely renewable and harmless to 
the health of the planet is a tall order, requiring ingenuity, 
political will, character, inclusiveness, and almost certainly some 
sacrifices, but the alternatives are all much worse: famine and 
disease, war, social upheaval, massive flooding and transmigra
tion of populations. 

To change our patterns of energy use we must adopt many new 
behaviors; this requires that we become aware of what we are 
doing and how that affects the world around us. The problem of 
energy-in the largest sense-is a question of ethics, and so is a 
primary consideration in pennaculture design. Permaculture itself 
is a response to the crisis of diminishing energy supply and the 
awareness of global resource limits. It is an emergency response 
to a traumatic situation, an attempt to empower masses of 
ordinary people to take hold of a world spinning out of control. 

Challenging Basic Assumptions 
To change behaviors we must first change attitudes and 

understandings. And so we must ask some basic questions. • 

Where does energy come from? Your breakfast may have been 
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cooked by nuclear fission! Atomic energy was created at the 
birth of the solar system, left behind in the isolation of heavy 
metals in Earth's crust. It can never be replaced, nor it would 
seem, can it ever be contained once released. Our best approach 
is obviously to leave it in the ground, since using it leads 
inevitably to millions of deaths. 

Geothermal energy has its origins in the same stellar phenom
enon and has been tapped in a few locations around the planet 
where vulcanism is active, such as Iceland, Hawaii, Japan, and 
California. All other energy available to humans on planet Earth 
comes from the Sun. 

Radiant solar energy takes different fonns and those fom1s 
have different uses. Sunlight trapped within the Emth's atmo
sphere warms the sur.face of the soil and everything above it. 
This is the bedrock of the energy economy. On thb rock we 
should build 9ur homes, designing settlements t0 optimize this 
gain. 

Sunlight intercepted by plants is converted into sugars, 
starGhes, and all manner of complex and useful chemistry. 

Embedded energy: Local, natural materials such as straw and 
clay require little energy to transport and employ. 



Books from 
The Permaculture 

Activjst 

SEED TO SEED 
Seed Silving Techniques for the 
Vegetable Gardener 

,, by Suzanne Ashworth 
~The best single-volume guide to 
1savigg,pur vegetable heritage. Dis

{cussefte_cihniq~es and references 
7 ¥1iQit~~•~l~Jifi~~t!Cln, pollination, 

~ro4.ism~n.d .1sql,:ttl<?f;l, :.seed produc
ttP.r ,l~arv~~J!tRft~~s\g·g,, and viabil
ity.t,qf:·~p.re:~~a~·~(f.irl"!f.'10n veg7. 

~etab_le~,.~~\~~~~ . ·.":. ": .: 
~;(1991) s20.oo,1~P.P,~,W· ~!us. 

I,,~ 
°f<l{r 

~· -&-:l}~ 

.. "'•.,.,..o .Af•'l'"J . .~-:,-) 

t .-:_t:-.•C a-r' ·~o. ~.,<} l' •~ , 

1'· 

., - •r-:"':; ~· .-

' 1lllT8.0DUCTION TO 
.]RERMACUL TURE 
. \;J,: · ' 

-~6y Bil(Mollison w/Rene Mia Slay 
J~e basic argument for permanent 

Ia.~ric~lture: how to feed and house 
'_,Y,g_µ~s~l f in any climate with least use 

"f·.-_cif l,!rid, energy, and repetitive labor. ·'~"~' .. ' 

. ~::J~n~.-'es(: (1994) $20.00, 216 pp. illus. 
1

' 'l~t: PERMACU L TU RE 
A Designers Manual 

by Bill Mollison 
A global sourcebook 

for creating cultiyated ecosystems 
in all landforms and climates. 

Lucid illustrations by Andrew Jeeves 
bring Mollison's concepts to life. 

Offers essential, in-depth treatment 
of earth repair and practical destgn. 

(1990) SS0.00, 576 pp. hard cover. 
450 illustrations & 130 color photos. 



CREATING HARMONY 
Conflict Resolution in Community 

edited by Hildur Jackson 
With contributions from England, France, Denmark, India. 
Germany, U.S.A. , Australia, and New Zealand this marvel· 
lous collection will soon become the community 
organizer's best friend. Hard-won and brilliant insights to 
the largely undocumented process of self-governance. A 
practical sociology of the ecovillage movement. 
(1999) 525.00, 269 pp. paper. illus. 

VILLAGE WISDOM/ FUTURE CITIES 
The 3rd International Ecocity and Ecovillage Conference 

edited by Richard Register and Brady Peeks 
Advanced thinking on agriculture, housing, wastewater, 
technology, women's issues, and more. Balances cutting 
edge theory with living examples from many cultures and 
perspectives. Expand your concept of what's possible for 
villages and cities! 
(1997) $16.00, 227 pp. paper. illus. 

FOREST GARDENING 
by Robert A. de J. Hart 
Revised for North American gardeners, this classic collec
tion of essays on seven-story permaculture by the grand 
old man of agroforestry presents a gardener's ecology: 
water, energy, craft, herbs, health. Hart's tales of tree 
life and forest cultures thrill to the root. 
2nd ed. {1996) S18.00, 256 pp. paper. illus. 

THE EARTH MANUAL 
How to Worl< on Wild Land 
Without Taming it 

by Malcolm Margolin 
A friendly guide to earth repair, with 
chapters on wildlife, tree-planting, 
felling, pruning and repair, mulch, 
erosion control, seeding, transplant
ing, trailrnaking, ponds, and doing it 
all with children. Filled with good 
common sense. 
(1985) S16.00, 238 pp. paper. illus. 

THE HUMANURE HANDBOOK 
A Guide to Composting Human Manure 

by Jos. C. Jenkins 
A ground-breaking book, completely revised with 50% 
more material incl. state by state survey of regulations 
and sources for wetland plants. Examines various systems 
for waste disposal and treatment, recommending hot 
composting as the simplest, cheapest, most ecological 
method. Writing from personal experience and extensive 
research, Jenkins answers questions you never dared ask! 
2nd ed. (1999) $19.00, 301 pp. paper. illus. 

CORNUCOPIA II: 
A Sourcebook of Edible Plants 

by Stephen Facciola 
Lists over 3,000 species with all com
mercially available named cultivars, 

sources of seed, plants, descriptions, 
uses, cultural notes, food products. 
Easier to use with a new combined 
index. Completely revised and up

dated. Of unsurpassed value to 
landscape and garden designers! 

2nd ed. (1998) $45.00, 70 pp. 

CORNUCOPIA II 
.'\ 511111\1 8,1.11k tl f LifrN, rf ,1rjl .. 
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cornprehens~,og all as~c to soc'lal \~pal\y' With refer-

tud\es cove . and {lre d sp1ntua ' . 
s rolog,', fung,, ar1f.eting, an 
hyd nap1est, rn d contacts, 
oeean, losSaf'/, an a r. jllus. 
eoces, ~ OCl 111 PP· P t'2 
l1997) $30. I 

The Permaculture Activist 
Post Office Box 1209 

Black Mountain, NC 28711 USA 

Prices subject to change. 
Add 10% shipping to book orders, minimum $2. 

NC residents please add sales tax. 

http: //met.a lab. unc:. edu/pc-activist 
pcactiv@metalab.unc.edu 



THE INDEPENDENT HOME 
Living Well with Power from the Sun, Wind, and Water 

by Michael Potts 
Weaves 27 inspiring stories of the new energy pioneers 
and how they did it-nuts and bolts, diagrams ft photos. 
Chapters on siting and building the home, repair and 
maintenance, economics of permanence, biologic energy, 
and community cooperation. 
(1993) $20.00, 300 pp. paper. illus, 

Permaculture Videos 

THE GLOBAL GARDENER 
Bill Mollison's review of permaculture 
accomplishments around the world. 

Made for Australian Broadcasting 
Corp. and aired to national acclaim. 

Four half-hour segments highlight 
subtropical, drylands, temperate, and 

urban systems with footage from 
developed sites in India, So. Afrfca, 

Australia, the U.S., U.K., and Europe. 
120 min. VHS. (1991) 532.00 

IN GRAVE DANGER 
OF FALLING FOOD 

A wacky romp through Mollison's life 
as an outlaw. Cartoon cutaways and 

bizarre sound effects seem no 
stranger than Bill loping along the 
street in front of Aussie suburban 

sleaze, guerrilla planting hazelnuts. 
A campy period piece, this film tells 
the permaculture story with verve 

and imagination. 
56 min. VHS. (1989) $35.00. 

Please add $3.50 shipping 
for one or two videos 

THE COMPLETE 
MODERN BLACKSMITH 
by Alexander Weygers 
A truly unique resource, this ex
tremely hands-on book is essential 
for anyone interested in the making, 
repair, maintenance, or arcana of 
tools for everything from 
blacksmithing to masonry. 
S20.00, 304 pp. paper. illus. 

EARTH USER'S GUIDE TO PERMACULTURE 
by Rosemary Morrow 
Abundantly and charmingly illus. An informative and 
practical guide to permaculture, with exercises and real
life examples. Learn how to design a permaculture system 
on your own land, whether clty balcony, suburban garden, 
or country farm. 
(1'l94) $13.00, 152 pp. paper. 

THE MAN WHO PLANTED TREES 
by Jean Giono 
This timeless and inspiring tale of one man's dedicated 
efforts to reverse desolation has been beautifully illus
trated with 20 woodcuts by Michael Mccurdy. A story for 
all ages and a blessing to all readers. 
( 1985) SB.00, 56 pp. paper. iUus. 
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BOUNDARIES OF HOME 
Mapping for Local Empowerment 

edited by Doug Aberley 
Mapping is the first step toward re
claiming the territory. How to env1• 
sion the landscape of home: 19 pas
sionate essays on bioregional map
ping, theory and examples from city 
and country, USA, Canada, Britain. 
Info on GIS, resource assessments, 
review of cartographic sources, man 
and varied example maps. 
(1993) s10.oo, 138 pp. paper. illus. 
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PLANTS FOR A FUTURE 
Edible and Useful Plants 
for a Healthier World 

by Ken Fern 
This is the book for temperate cli
mate gardeners-based on researct, 
conducted in Britain. Covering useful 
trees and shrubs, plants for shad~ ! 
water plants, perennial vegetables, 
ground covers, hedges, and more, 
this book describes plant characteris· 
tics and cultural requirements in ,·., .: 
depth. A fascinating read with appen
dices cross-referencing uses and.· . •· 
habitat preferences. · · · 
{1997) $30.00J 300 pp .. p~r. illus: . · ,T 
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engravings, descnJies hundreds of 
vegetables and herbs with meticulous 
attention to botanical classification, 
cultural requirements,and culinary 
lises. Of especial value as it repre• 
sents over a century of experience 
and ecological insight from the epoch 
of pre-chemical market gardening. 
(1885) $20.00, 620 pp. paper. illus. 
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Approximately 150 Terawatts of solar energy are captured by 
green plants each year. (A terawatt is a trillion watts or joules per 
second, the energy required to I ift one mill ion tons I 00 meters 
per second. Think of the Great Pyramid of Giza ascending like a 

rocket ... ) The energy stored in these carbon bonds fuels all 
living creatures ultimately. Humans already appropriate 40% of 
the Net Photosynthetic Product of the planet for themselves and 
their domestic animals. The remainder supports I 00 million other 
species. 

In eons past vast surpluses of plant material were buried under 
oceans and layers of soil, slowly forming coal, oil, and gas. This 
fossil sunlight has its origins in a time when earth's atmosphere 
was much richer in oxygen and the planetary biomass was 
greater than today. Humans have learned to find, extract, and 
bum these substances to release that stored energy. This concen
trated energy is useful for metallurgy and other large-scale 
industrial processes; the liquid components of hydrocarbon fuels 
are compact and are easily transported and converted to motive 
power. The world's commercial energy flow totals about 10 
terawatts. While extremely useful and almost infinitely mal
leable, hydrocarbon energy comes with a fearful environmental 
price: it is poisoning and cooking the biosphere. We must 
rapidly reduce and ultimately eliminate our use of fossil fuels for 
energy. 

Carbohydrates from plant biomass offer a reasonable prospect 
of replacing fossil hydrocarbons as a feedstock for fuels and 
materials which can help us make the transition beyond bur 
present system of industry and transport. Ethanol, methanol, and 
methane derived from crop plants and waste vegetation can 
substitute for petroleum distillates in the making of motor fuel 
and plastics. However, diversion of this plant energy from its 
present uses must be limited by our continuing needs for food 
and to maintain the integrity of existing ecosystems. There are 
strong possibilities. however, for multi-stage processing of 
biomass to yield fuels and improve soils. ·(Ed.: see "Another 
Kind of Energy" else\l'here in this issue) 

Solar energy also moves the tides and the winds. Humans have 
long used sails to move ships and machines, harnessing these 
energies for work. We now know how to generate,electricity 
from wind and tides as well. 

And, newest of all, crystalline silicon converts light directly 
into electricity. Photovoltaic cells, a 20th-century advance, give 
the possibility of broadscale, decentralized electricity production 
with low carbon emissions. 

Choosing the Best 
It will help us in making design choices to rank these energy 

sources according to their ecological efficiency. Even renewable 
energy systems take resources and land to build and operate. But 
to put fossil energy and renewables on a level playing field we 
must dedicate a sufficient area of land to plants which can absorb 
the carbon dioxide waste of fossil fuel combustion. This is the 
concept of the ecological footprim, expounded most thoroughly 
by Wackemagel and Rees. They estimate that for each 100 
gigajoules (one gigajoule is a billion joules per year-the energy 
output from two tons of carbon), one hectare (2.5 acres) of 
biologically active land is required (I). 

ENERGY SOURCE 

Fossil fuel 
Ethanol 
Biomass 
Hydroelectricity 

lowland watercourse 
high altitude 

Solar hot water 
Photovoltaics 
Wind energy 

YIELD (Gigajoules/hectare/yr) 

100 
80 
80 

50 to 500 
15,000 
up to 40,000 
1000 
12,500 

Productivity of Common Energy Sources 

The above figures indicate some of the stars in the renewable 
energy firmament: wind, solar hot water, and high-altitude hydro. 
They also show 1hat some dams in the lower courses of river 
valleys may be less efficient at producing energy than the 
biomass they would displace by flooding. This is because heads 
are lower and flooded areas in the lower sections of rivers are 
extremely fertile. 

The Good, the Bad, and the Ugly 
We must also ask: Where does energy go? Energy is used in 

four broad categories. In descending order of both importance 
and ecological efficiency they are: 

Life maintenance. Energy to meet the needs of Earth and 
species for clean air, water, and healthy soil (which absorb 
the wastes of all metabolic and industrial processes}. We 
must take care not to withdraw so much energy from this 
that we destroy the basis of life. 

Providing basic human needs. Energy required for agriculture 
(food and fiber), water supply (pumping, storage, and 
purification). and housing (heating, cooling, lighting, etc.). 

Industry. All the energy required to make instruments and 
materials of the human economy: tools and machines, 
chemicals, paper, and so on, that are produced on a mass 
scale. 

Transport. Energy required to move goods and people around. 

Richard Douthwaite reports that transport may consume more 
than half the fossil energy used in some industrial countries, if the 
energy cost of transport infrastructure itself is included, along with 
otheiwise unnecessary energy spent on such things as packaging 
and street lighting (2). 

These conclusions should not surprise us. Biological systems 
have had two billion years to refine their efficiencies. Broadscale 
transport is a very modern phenomenon and highly entropic. The 
North American transport sector uses 20% of the world's industrial 
energy. The scale_above shows increasing entropy from top to 
bottom, therefore achieving reductions in energy use will be most 
fruitful by addressing the transport sector first, and by shifting our 
investments of energy, money, and labor up the scale. 

Perrnaculture's Prime Directive is to TAKE RESPONSIBILITY 
for ourselves and the lives of our children. Until enough people 
awaken to the energy dilemma of modem society our politicians 
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are unlikely to take decisive action to transform the energy basis 
of the economy. Without public education and a demand for 
change, go,·crnments arc likely to make poor choices when the 
next crisis of energy supply or environmental upheaval hits. Our 
individual actions, however, can make a difference. We will have 
the greatest leverage by making green choices about our energy 
that move investment up the above list: creating living systems of 
permanent agriculture. planting forests, moving our work closer 
to our home (or our home closer to our work); replacing imports 
to our households .ind communities, ~tarting with home-grown 
and home-made food. housing, and basic energy; and making or 
buying well-built, durable and rcpair.iblc goods to meet our needs. 

Key Concepts 
Some other hidden aspects of the energy crisis can be exposed 

by looking at the concep1s of embedded energy and extemalitie.'i. 
Embedded energy is the energy expended in the production of 

goods, materials, buildings and other structures, in the organiza
tion of societies, and in the education and nurturance of human 
populations. Infrastructure changes slowly. This is both good and 
bad. David Holmgren has commented that it is likely the embed
ded energies of our infrastructure und societies that have so far 
cushioned the world from the impact of dwindling energy . 
supplies (since 1970) and delayed the onset of systemic collapse 
(3). On the other hand, most of the housing th.it will be in use 30 
years from now has already been built and much of that foils to 
meet basic energy conservation standards. Retrofitting buildings 
is an important way to conserve energy. 

Knowing an item's embedded energy (its energy cost of 
manufacture) can help us make green choices in building 
materials, for example. Aluminum costs some 30,000 BTUs per 
pound to produce, reflecting its heavy dependence on electricity 
generation, wood about 15, steel in the range of 5,000 tol0,000 
BTUs, concrete several hundred. Materials choice affects energy. 
Transport also affects embedded energy. As energy prices fall, 
which they did during most the nineties, centralized production 
by large industries and long-distance sourcing by mass retailers is 
favored over local industry and small business. As 

and materials were priced fairly instead of falsely, the market might 
help individu.ils and societies shift quicker and more accurately to 
wise energy choices. · 

Yet another factor in making energy decisions is the difference in 
types of energy. Not all energy is the same. We should aim to match 
source to use, using energy at its highest potential. Electricity, for 
example, is uniquely suited to run electronics, motors, and to 
provide lighting. To use it for radiant or water heating is grossly 
inefficient. Energy for heating water and buildings is widely 
available from sunshine and only requires good design and some 
specialized materials (like glass) to capture. 

Energy in the Home 
Most people have a good measure of control over their 

domestic energy use (space heating, water heating, lighting, 
laundry, and appliances). Following pennacu!ture principles our 
best strategies will be I) to reduce needs by changing patterns of 
life and work, and by adopting new values; 2) to conserve energy 
use by changes in behavior and technology; and 3) to generate 
energy by best means, switching sources of fuel or infrastructure 
as required. To accomplish the first of these strategies requires 
education and results can be immediate; the second strategy 
needs infonnation and some investment, and the payoff is short
to medium-term; the third depends on physical changes in 
buildings and machinery, yet offers the best long-term returns. 

The pattern of energy use in the home varies with climate and 
culture. In New England more than half of domestic energy goes 
to heating buildings, while in California, less than a third, and in 
Hawaii virtually none. The energy demand in warm climates is 
mainly for hot water, refrigeration, cooking, and appliances (4 ). 
So, while broad strategies may work across the board, technolo
gies and behaviors will have to be adjusted for p~rticular areas. 

Where space heating is a major energy demand, building 
retrofit is important. Reducing air leakage, improving insulation, 
replacing windows with low-E types, and upgrading heating 
equipment will give the best dollar return on investment., up to 
15% if the owner does the wor~, at least 8% if contracted out-a 

smaller businesses are forced out of the market by price 
competition, centralization accelerates. Unfortunately, 
cheap energy becomes addictive. When energy prices 
rise again (as they are now) a long time elapses before 
small producers and innovators can move back into the 
market to take advantage of the competitiveness of 
local supply. This kind of energy information is not 
reflected in market pricing because of energy subsidies 
and the wide displacement of costs to externalities. 

f)errnac~Jfwre in tbe l'lainfore&t! 

Externalities are the ecological and social costs of 
producing goods and services that lie outside traditional 
accounting methods. They range from polluted rivers and 
toxic waste dumps to the medical cost~ of chemical 
exposure, displacement of farmers by dams, and the 
injustice of slavery and prison labor. For gasoline at the 
pump there is a hidden external cost of up to $IO per 
gallon for the Gulf Wat and the maintenance of a military 
police force guarding the supply lines of petroleum from 
the Middle East to the US, Europe, and East Asia. If fuels 
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very reasonable return on money these days. (2) Where hot water 
is the primary energy requirement. investment should shift to 
solar thern~al panels, on-demand back-up systems, and to 
conservotion and control measures. The replacement of fre
quently used lamps with compact fluorescent bulbs yields good 
ec.:onomic returns already and should be the first and easiest thing 
every household docs toward balancing its energy budget. 

Not all choices arc simple, however. There arc complex 
interlocking factors in the energy equation. Ohler ccntrnl cities 
hnve a structural energy adv,mtage over newer suburban areas in 

requiring much less transport energy to meet th e needs of their 
inhabitants. (I can see this ns I write from an old three-story row 

house in Pittsburgh.) This partly or wholely offsets the advantage 
newer buildings hold in better energy equipment, insul.ition, and 
glazing and holds the promise that urbnn living can help lead the 
switch to energy efficiency-providing the drawbacks of older 

housing stock can be remedied. Not all older buildings can be 
reoriented for solar heating, but most can be retrofitted with solar 
hot wnter collectors, improved heating equipment (district 

cogencrntion schemes - the generating of electricity and use of 
waste heat for buildings-have a great deal to offe r in this area), 

and of course better insulation nnd windows. City houses, often 
with common walls, conserve heat more effectively by design 
than stand-alone suburban homes. 

Coolin g is often a major energy demnnd in cities, especial!y in 

the U.S. where the population continues to move south and west. 
For this need, a strategy of urban greening can go a long way to 
reducing energy consumption during warm months , with tree 

planting giving big payoffs becnuse it reduces the need for 
energy-intensive electricity. Value can be added to urban 

gree ning by choosing edihle and useful specie s for both publi c 
and private landscapes. 

Transport Choices 
City dwellers have the edge in nlready using less wasteful 

transport energy and can boost green energy savings hy growing 
more food and fiber in city landscap es. The rest of us can beg.in 
reducing our tran sport needs by sharing car ownership, using 
bicycles and public transportation wherever possible, and most 

powerfully, bringing our work doser to where we:: live. In the rural 
ecovillagc where I live cmpooling, ride-sharing , and errand trading 
arc evolving into a car cooperative, a soc.:ial innovation that is 

spreading rnpidly through Gemwny and some US cities. By sharing 
ownership of n small fleet of vehicles, drivers can get rid of waste 
in their transport sys tem. Vehicles can be match ed to use: a pickup 
for hauling mulch, a small commuter-sedan for city trip s, a 

passenger van for group outings. This maximizes insurance 
savings, evens out maintenance and repair costs, and creotes jobs in 

mnnaging the service. As the next generation of vehicles , gas

elec tric hybrids, motors using altemntive fuels, and other innova
tions come into production we crm begin replacing fuel-inefficient 
cars and trucks with equipment less damaging to the atmosphere. 

Making Your Ow11 
If transport is the holy cow of energy, electricity generation is 

perhaps the holy grail. While it's imaginable and within the 

technical grasp of most ordinnry people to build a well -de sign ed 
passive solar home, shift to wood. gas, and solar ovens for 
cooking, -heat water on their roofs, etc., real energy independence 

comes with making your own kilowatts. Advances in technology 
have made wind energy and small-scale hydroelectric genera tion 

competitive immediately with grid electricity. The shift to 
consumer choice in electricity supply offers a political opportu
nity lo further promote grid -tied household electric generation. 
The energy industry wants brooder access to consumers through 
cle-regulution. We should demand equal access to the market for 
home power. 

Because of the change in seasonal availability and demand for 
energy , hybrid syste ms contin ue to offer the most economic means 

of electricity supply at present. Investment in mass- production of 
photovoltaics mid a consequent drop in price is still a few years out, 
such that PV is not yet competitive with grid electricity in mos! 
locations. Wind and micro-hydro :ire, however, and a system which 
weds PY (for summer) to either wind or water generation (for 
winter) will achieve economic returns fa~ter than any other. 

CoJJclusion 
The wuy forward is not easy, but we must discern the path. Not 

to choose green energy is a choice for disaster and there will be 
no exemptions for those who soid, "lt' s too hard." We can all 

educ.ite ourselves and our friends and neighbors about sensible 
energy choices and begin making them in our homes and work
places. And we can begin making the shift of technology and 
building design that the future demands of us. Because govern
ment and induslry remain retrograde in the field of energy, 
individuals must step forward to create resources where none 

existed before. We must use our historic opportunity-the 
temporary relative abundance of fossil energy at low prices-to 
invest in sustain<1ble systems that can meet the needs of the 
seventh gencrntion and beyond. Using computers, bulldozers, or 
our own hands and backs, we can build water storages and small, 
effic ient solar buildings, create productive assemblies of species, 
and install energy production equipment in our homes and 
communities. Nothing l_ess will do. 
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An Inrzovative Wind Turbine Desig11 

The Green Windmill 
Robert Green 

T HOUGH DOZENS OF WINDMILL designs exist, 
few if any me suited for reliable, low-mai ntenan ce, low
technology rural use. I have designed a new type of 

windmi ll !hat solves many of !he problems of conventional 
windmills. Fomrnlly I call my invention a vertical-axis wind 
turbine with two-phase sails. For every day use, let's call it a 
green windmill. 

Windmills have been with us for centuries, yet their design is 
constantly evolving and improving. Toy windmills were de
scribed around 60 Al). Full-scale use of wind power emerged in 
Persi.i in the 7th century. The axis of these machines was vertical, 
and their blades rotated in a hori zontal plane. The western 
windmill with its horiz ontal axis and blades rotat ing in a vertical 
plane was believed to be an indep endent invention around the 
12th century. 

The properties of'this new blade orientation created complexi
ties not encountered with the vertical shaft machines. The need 
for direction finding. speed control, complex transmis sions, and 
intense lubrication arc but a few ot these challenges. Enrly. 
windmills required utmost a small gale for the blades to move 
steadily and well. Continuous experimentation wi_th blnde design, 
size, number, and configuration has sought the optimum compro
mise between mutually exclusive design crit eria: good starting 
torque and high-speed operation. 

Past designs have selectively diverged in function and fall into 
two ca tegories : lift and drag machines. Lift machines hnve high 
speed operation with low starting torque, whereas drag machines 
offer high torque at low speeds. 

High speed, lift-type windmills present many 
challenges. Their blade design consists of two or 
three thin air-foil wings revolving on a horizontal 
shaft , rotating on a pivot at the top of a tower. 
High speed machines are used for electrical 
generation where low starting torque is less of a 
prohlem. 

Drag designs, including. the Dutch four-arm, multi-b lade , and 
Savonius types are the most common . They rely solely on the 
force of the wind against the blades to revolve the shaft. Drag 
machines typically have solid rotors with large, flat hladcs 
pitched to push the rotor in a given direction. They arc usually 
large, permanent strncture s dedicated to a particular function. 
such as raising water, sawing wood, grinding grain or cement, 
and have been trad itionally used for producing oils. dyes, snuff. 
paint, puper, and textiles. Most of these functions have l1ccn 
taken over by more reliable and steady sources of power. 

In horizontal-nx is windmills the trnnsmission of power is made 
complex by the directio11"finding. apparatus, whereby the head 
must be free to rotate with the directi on of the wind. Any direct 
mechanical means of delivering power to the ground must avoid 
making the head rotate out of the wind when resistance is 
encountered during work loading. Typicully the trunsmission is a 
complex device involving many pans th,\t increase friction an<l 
maintenance. 

Beyond the Savonius 
The Savonius Rotor, or ·s· Rotor , has overcome much of this 

complexity by using a vertical shaft design. It has also eliminated 
the need for direction finding and over-speed controls required 
with the previously described machines. Apart from these 
improvements il has some serio us drawbacks. as evidenced by its 
failure as a product. It has been nvai!11ble since 1925 but has never 
been manufactured or marketed. 

The "free·• ene rgy derived from lift-type 
systems is typically expensive. One must not 
only buy and install a factory-manufactured 
windmill and tower, but expensive batteries, 
inverte rs, controls, transmission cables, and 
appliances as well. These technically sophisti 
cated machine s have their hazards. Storms and 
con stant stres s from buffeting create problem s 
such as blade throw, ice throw, bearing failure , 
vibnit ion, noise, and difficult and dangerous 
maintenance procedures. Most regu latory 
agencies require a substantial set-back from 
buildings and roads owing to these well-docu 
mented hazards. 

The green wimlmill ut 11•ork. As the rntor spins, cables change the shape of the 
sails. The .milsform a cup shape when catching the u·ind. b111 are pulled into 11 

11'i11g shape a.I' 1/iey revol1·e i11w thl' ll'ind. 11·/iic/1 red11ce.1 drag. 
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The Savonius design can be visualized as a b,11Tel cut in half 
lengthwise, with each half mounted, facing opposite direction~. 
0n either side of a venical shaft. This design has t,vo major 
deficiencies: 1 J torque is unevenly distributed during operation. 
and 2) ifit is improperly oriented to the wind, it won'! stmt to 
spin. These problems can he ·p::irtially alleviated by stacking a 
second rotor above the first, offset by ninety degrees. BUI this 
improvement cre:itcs additional problems of weight, balance. and 
expense. In .iddition. the total swept area of the windmill remains 
low. Much of the power produced hy the gathering side of the 
rotor is c:inceled by drng created by the other side. Some or thi, 
drag is reduced where the two sides of the buckets overlap. 
allowing some ..iir to flow from the hlade catchino the wind tn the 
one advancing into it. "' 

Although there have been substantial efforts made to imp;O\'C 
its efficiency, the Savonius design has not satisfied the need for a 
simple, low-tech solmion for the problems it is intended lo 
eliminate. Wind speed of 5 meters per second (over IO knots) is 
usually needed to supply ample power for pumping waler from a 
10-meter well. The cost and construction requirements arc much 
too high for those whu co'ultl hest benefit from it, people living i11 
remote rural areas who need a reli.iblc source or power. Pumping 
water for the house and livestock is an example or an obvious 
task, but other important uses can be cited as well. Grinding 
grains, irrigating fields, draining swampy 

Roofio1'-1111111111etl greeI1 1!'i11dm1/I. 11 irh 111·0 rof{}r.1 to tum 1he 
11mumI1-c 1111d field 11fw1 d, ,·rri,· (;('lit'ru/or i11 o/!/10.1·ite dircctio11.1. 

areas, washing clothes, and processing fiber 
are but a few examples of work that calls for 
a more nexible, portable, powerful, and 
reliable source of power. To be effective 111 

these situations, a windmili must have high 
starling torque and be able to use low-energy 
wind as well as highcr~energy winds. 

Further, windmills are typically complex 
and rely on sophisticated manufocturcd 
goods not readily available in rural or less
developed areas. They arc heavy, permanent 
structures rigidly dedicated to both location 
and function. The tower, in most cases, 
interferes with the function by creating 
turbulence and obstruction. With the 
Savonius, the tower must exceed the height 
of the rotor for top support. This condition 
severely limits the size of the rotor and adds 
to its cumbersome construction. Such 
windmills are one-dimensional in function 
and have limited utility. 

Enter the Green Windmill 
My invention i$ designed to overcome the 

above problems, simply and uniquely. It 
features a wind-propelled rotor on a mast for 
supporting and elevating the rotor and for 
conveying energy to the ground. The rotor 
comprises sails that open and close opposite 
one another on a square wheel to catch and 
ride wind altem..itely as they rotate about a 
vertical shaft. The ~otor is a square wheel 

.. 
APPLICATIONS FOR THE GREEN WINDMILL 
The system can be portable or stationary and can be made any size to 

apply to your application. Some proposed applications: 

L_arge Units (portable, stang alone, with tower,) 
Acid rain control (neutralization via aeration of dugouts, lakes, ponds) 
Aeration, agitation (preventing freeze-over and oxygen depletion of lakes, 

ponds, dugouts) 
Aquaculture maintenance 
Electrical generation 
Air compression 
Irrigation 
Drainage (featuring portable application) 
Desalination {salt removal from water) 
Sewage processing (including farm run-off waste control) 
Domest'lc water pumping (mechanical or air operated} 
Water heating (resistance heating) 
Washing (clothing, fiber, metal prospecting) 
Mi~ing (portable ventilation, water pumping, washing, tumbling, polishing) 
Grinding (flour, feed, cement, fiber) · 
Fiber processing (hammer mills) 
Pressing (oils, juice, fiber) 
Ventilation (barns, chicken coops, corn cribs, granaries) 

Small Units (roof or fence post mounted) 
Lawn and garden care {irrigation and drainage) 
Hydroponics (automated plant maintenance) 
Fountains (water falls, bird baths, garden fountains) 
Wind chimes 
Wind, air and water operated toys and whirligigs 
Gem stone polishing, tumbling 
Ventilation (attic , she.ds, garages, silos, corn cribs, etc.) 
Sailboat generators, bailing pumps, water pumps 
Garden decorative pond management {fountains, aeration a~d filtration) 
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with a square hub lhat carries a collapsible sail on each of four 
spokes. The sails are linked by cables in pairs. The linkage pulls 
the sails into optimal shapes as they revolve into and out of the 
wind. This rnntrol both damps lhe sail action and adju sts the sails 
to reduce friction and turbu lence in the advancing sails while 
increasing dra g in the receding sails., This way the two opposing 
linked sails produce a scoop and a wing. The scoop holds the 
wind and the wing rides the wind. 

As the wind speed increases, all four sails adjust to form airfoil 
shapes that in unison combine to form an airfoil canopy , produc
ing lift much like an umbrella or H frisbee. This lift is converted 
to rotation by the angle of the sails. 

This design reduces <lrng on the advancing sails, stabilizes the 
rotor by reducing turbul ence, dampens the action of the inflating 
sails, and provides a rotor that is light enough to sit above the top 
supporting journal. The design provides increased torqu e and 
swept area, resulting in greater power potentiaL The rotors can be 
made from 12 inches lo JO feet in diameter and cost from $5 to 
$50 in materials. 

A tm, ·er-mmmle<I green 11·indmill. 
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Although the rotor speed is not as high as in horizontal shaft 
machines, this design has low starting torque, a major consider
ation if one wish es to bypa ss the expensive baggage of genera
tors, motors, inverters, wire loss, and so on, to apply dire ct 
mechanical energy to the 1ask al hand. 

For producing electricity, the design employs two rotors. These 
rotors , stacked one above the other , may weigh no more than a 

kilogram each and cost a few dollars. By having two rotors 
running in opposile directions with the generalor between (one 
rotor driving the armature, the other driving the field), this design 
can obtain shaft spee ds comparable to horizontal axis wind 
turbines with the advantages, simplicity, and econo my of a 
vertical axis wind turbine. Because the rotors ride rather than 
buck the wind, they requir e minimal tower structures and are roof 
mountnble. This arrangement is vibration free because the rotors 
do not interfere with the tower or each other. 

Other objects and advantages of thi s design are to provide a 
wind turbine that: 

• has low starting torque; 
• is simple and economical to build, operate, and maint ain; 
• can be scaled to meet desired power needs and prevailing 

wind conditions; 
• js portable; 
• serves both •practical and recreational functions; 
• can be built from locally obtained materials, with simple 

tools, by moderately skilled technicians; 
• is versatile and multi-functional; 
• can be dismantled and deployed quickly and easily by one or 

two persons; 
• may be operated safely near buildings and roads; 
• is unobstructed and unrestricted by its tow er; 
• is silent and has self-damping sails; 
• is self-r egulating and 01nni-directional: 
• facilitates the transmission of power for simple and direct use 

of wind energy; and 
• can use both low and high wind speeds. 
For further information, visit the Oreen Windmill web site at 

http://www.gre enwin dmill .com/ -
A formula for constructing rotors of any size can be obtained 

by sending a check or money order for $35 10: 

Robert Green . 
1222 W. Grand Ave. 
Chicago, IL 60622 
(312) 226-7584 
Rgreen999@aol.com 
Th e formula is accompanied by photos, diagrams. a floppy disk 

spread she et to give the dimension of the components for any size 
rotor , a list of applications, and an unlimited help-line for 
consultation and advice to help complete your project. Ready-to 
assemble rotor kits are also available. I:!,. 

Rohen Green is ti retired mechanical engineer. His illlerest in 
wind energy begll11 as a child on a form in Wisconsin, where the 
dairy i1Uluslry depended 011 the ll'indfor water pumping. He has 
never seen a place that could not benefit from wind energy. 



Reducing Carbon Dioxide Emissions with Photovoltaic Modules 

The Carbon Trade 
Richard Komp 

HOW MUCH CARBON DIOXIDE co uld we keep out 
of the atmosphere by using photovoltaic systems? I 
have ca lculat ed how many tons of carbon dioxide could 

be mitigated by using photovoltaic systems instead of fossil 
fuels in diesel electric ge nerators and kerosen e lamps. 

Photovoltaics Compared to Small Diesel Generators 
For this calculation I looked up some performance specs for 

small gas and diesel generators on various web sites. Choosing a 
Yanmar L90AE 9-hor sepow er generator, I found that it would 
produce 5 kilowatts continuo usly, using about 1/2 gallon of 
diesel fuel per hour. (This is at full output. At part load, the 
engine is probably less efficient but would last co nsiderably 
longer between overhauls.) 

Diesel fuel has a density of about 0.78 kg/liter (I converted all 
the numbers to metric units for ease of calculation but will also 
give the results in old fashioned "English" units). Diesel fuel is a 
mixture of hydrocarbons with an avera ge ratio of 12 parts carb on 
to 2 parts hydrogen by weight, with small amounts of other 
elements like sulfur. Th erefore I liter of diesel fuel contains 0.67 
kg of carbon and will produce 2.45 kg of carbon dioxide. The 
Yanmar generator will produce about 2.5 kilowatt-hours per liter 
of fuel used, which works roughly out to the easy-to- rem ember 
number of I kg of carbon dioxide produced for each kwh of 
electricity produced (2.2 pound s/kwh) . 

A Home Photovoltaic System in Mai1te 
A typica l off-grid home system in Maine might have a 1000 

watt ( I kw) PY system to give an approximation of a middle
class lifestyle (My home system is 400 watts but I have given up 
on trying to be middl e class). In typical weather conditions in 
Down east Maine , this system would produce about 1000 
kilowatt-hours of electricity per year. It would mitigate I Tonne 
of carbon dioxide per year (a metric Tonne is I 000 kg, or 1.1 
English "short" tons}. Over the roughly 25-year life of the system, 
that adds up to 25 Tonnes (over 27 tons) of carbon dioxide saved. 

A Home Photovoltaic System in Nicaragua 
I have been working with Th e Grupo Fenix in Nicaragua, 

installing 25-watt PV systems on remote homes for Nicara
guan campesinos (no pretense of middle class here at all). 
Based on the weath er and solar insolatlon data furnished to us 
by Padr e Julio Lope z de la Fu ente, a Jesuit priest at the 
University of Central America who had been measuring local 
sunlight intensity for more than 30 years, this system would 
furnish about 120 watt-hours per day, or about 44 kwh per 
year. Over the 25 year life of the sys tem , this is 1. I Tonnes 
( 1.2 tons) of carbon dioxide saved. 

Photovo/taics Compared to Kerosene Lamps 
This calculation is a bit more diffi cult since the amount and 

quality of light from a photovoltaic -powe red tluon:scent lamp is 
quite different from poor quality, yellow illumination from the 
typical kerosen e lamp. Therefore I will use another exa mple from 
Nicaragua and assume the PY array with two 20-watt fluorescent 
lamps in the campesino's home simply replaces two kerosene 
lamps, one per room, without attempting to match illumination 
levels (the rooms are very much brightcr _aflcr the PY system is 
installed). I am also assuming that the campesino wou ld have 
been using about 250 ml ( I /2 US pint) of kerosene per day before 
the changeover. 

Kerosene has a density of 0.82 kg/lit er, slightly higher than 
diesel fuel, but the same type of calculation appli es, giving 2.6 kg 
of carbon dioxide for each liter of kerosene burned. Thie; ad<ls up 
to 240 kg/year for the 91 liters of kerosene eliminated by install
ing the 25-watt PY system. Over the 25-ye ar system lifetime this 
is 6 Tonnes (6.6 tons) of carbo n dioxid e mitigated by the $400 
photovoltaic sys tem. 

Implications for Carbon Emission Trading 
Recently there has been a good deal of interest in the concept 

of "buying the right" to emit carbon dioxide. There is even an 
International Carbon Bank and Exchange; and the price of carb6n 
dioxide emis sion mitigati ons is expected soon to be about $20 per 
Tonne ($1-8 per ton). Using the exampl es above, a mu ltination al 
corpora tio n might pay at leas t $ I 20 of the cost of the Nicaraguan 
campesino's system in exchange for a certificate giving them the 
"rig ht" to spew out the 6 Tonnes of carbon dioxid e saved by the 
cam pesino' s sys tem. 

The philosophical implicat ions of this line of reasoning can be far 
reaching but I will leave those for another article. I will, however , 
point out that a common conservative justification for doing nothing 
to cut the wasteful use of energy and subsequent release of carbon 
dioxide in the United States is that third-world nationi; are unwilling 
to commit themselves to drastic reductions of their small (per 
capita) carbon dioxide emissions. Y ct each of the thousands of 
small PV systems now being installed co light third-world homes, in 
addition to markedly improving the quality of life, will cut carbon 
dioxide emissions by about 6 Tonnes per system over 25 years. 
Multiply that by the billions of people in the world wl10 live by the 
meager light of kerosene lamps, and the result is an cnonnous 
reduction in the atmosphere's burden of pollution. t,,, 

Richard J. Komp is preside111 of the Maine Solar Energy 
Association (MESEA) a11d can he rNtChed l'ia f!•11wil at 

s1mwt1t1@j1mo.com. This article 1ras pre, ·iously printNI in a 
slightly different.form in 1111: Maine Sun .. 
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The Bullock Brotliers Do Salvage Solar 

Teaching an Old Pump New Tricks 
Do~tglas Bullock and ~taff 

W HEN MY BROTHERS·AND I got our place on 
Orc.:m, bland. m the north end or Puget S011111..l, our 
idea was ... Ycuh. a ,olar water supply." Wc; had dry. 

,winy summers with little \\ ind. u south and we~t facing hillside. 
and 11 wetland that offcrc-d \·inuall:(11nlin1it~<l water at the bottom 
of the hill. It seemed l_ikc a perfect match. In tho\e da) l> money 
was scarce and there \\ ere a lot of projects to nid,d and di rnc it 
awny. Setting up a solar pump was going to cut iuto hLllh time 
and money. But ba<:k then. \\c wantcd \\'atcr now~ Ciardcns. 
nursery, and fruit tree<. were \\h) \W hought land in the fir!>t 
place, and they needed 1rrig.atio11. s11111111crs in the San Juan 
Islands arc dry. · 

After some delihcration ahoul cthil·s. \\T settled for thl' first 
decent, cheap pump we could find--a sne:1111ing. smoky two
cycle for $180.00, and u,cd an old Dough-B0y po<,I Tor a holding 
tai1k. That gol us ~tm1cJ. After a c1111plc of years we 111ovNI up ll\ 

a larger four-cyc:le engirrn and a heavy-duty pump. We \\"\.•re 
llC\'er happy with our setup. though. and \Vere alw.iys thinking, 
"~ome day wc"ll U<l it right. .. Hut what would it take io huild the 
perfect. permuc:ultura! \\ ,llcr-,upply'! A paral'l\1lic: rencctor wilh a 
Sterling engine or a steam-powered jack-pump'! Photo\'Oltaic 
panels with elcc.:tric• motor and high-tech pump'! Or the age-nld 
boom and tripod :;ystcm? The ~reen· options wen.· many. . 

When the Dankoff Solar h1rce 11istun ·,)limp began showing up 

in a<ls-n light weight, low-power solar pump that could take a 
lot of dirt and dry running- we looked at their literature, 
hemmed and hawed. and said, "That would sure be nice." A year 
or two later I happened to sec a photo of one in some litcrnturc. 

. And that's when it dicked: "Why, thm'sjust an old-fashioned 
low-\'olume horizontal-piston pump for ponds and shallow wells. 
That will work in our bog!·' I realized we could builg a setup 
similar to the expcnsi ve Dankoff system for far less money. 

The technology of horizontal-piston pumps ha:;n 't changed 
much in almost 100 years. They've been a staple at farms and 
ranches, and I have seen quite a few sitting around unused or 
dumped. One wouldn't be hard to come up with. And I found 
myself thinking, "I'll bet a surplus DC motor and some used solar 
panels wouldn ·t cost much ... " 

S00n we had not one but a collection of these pumps. Most 
were in pretty bad shape-we could gut those for pnrts-but a 
<:ouple seemed okay. We had many old brands in our stash: 
Dempster, Homart, Eveready, Barnes, and others. The older ones 
arc my favorites because they date from the days when art was as 
important as function. The people who designed and built them 
were craftsmen, not simply linear-thinking engineer droids fresh 
out of a university. 

Piecing Together a System 
One of my favorites from our pile of pumps is 

a little Flash Gordon-esquc number that looks 
ready for IBunch. Another is strictly Art Deco, a 
third has the line:-, of a sturdy tm<:tor from ubout 
1940. 

A recycled hori:,0111a/-1ji.1w11 11111111,. J'1J11·aed by a .rnlar-drii•en DC motor, 
rn1111/ics 11·atN.f,1r irri_i:mio!! a[ the Uulfockx ' site. Photos l>y th<• 0111/wr. 

After denning and inspection, :-,cveral of the 
Eveready brand pumps (distributed by Scar:;) 

proved to have .in incredibly thick zinc coating 
on every exterior surface, plus they had inter
changeable interim! parts. Most of these came 
with a I /3 hp, 1725 rpm, AC motor, but they 
work fine at speeds much slower than thM, which 
makes them more versatile than centrifugal 
pumps. These pumps were designed to lust for 
years and 10 be rebuilt on the fann by someone 
with modest mechanical skills. The only parts 
that wear out regularly (every 5-10 years) are 
leather piston-cups and the cord packing around 
:the pushrod. The valves are hard rubber washers 
and can be fashioned out of scrap (from rubber 
tires or flip-flops, even). The bra:;s cylinder is 
similar to the wheel cylinder from a car's drum 
brake, and though some of these are occasionally 
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scored. they arc c;1sily smoothed with an automotive 
brake-cylinder hone on an electric drill. 

With a little clem1up and repair, we had a functioning 
pump spo11ing a spiffy new paint job. I wanted to have 
several different drive possibilities to experiment with, so 
I rounded up .i couple of DC motors ( 12-30 volts; 
industrial surplus supply catalogs are a good source for 
these). The motor I liked best was an ! 8 volt, 4.1 amp, 
continuous-duty pemmnent-magnet DC motor made by 
Indiana General. With the help of a friend we found six 
used, quad-laminated solar panels from the now-defunct 
Carissa Plains solar-power utility in California. These 
were an odd color and had no frames. but the price was 
right! We made frames and mounts from aluminum and 
sleel, respectively, obtained by dumpster diving in the 
metal bins at our local recycling center/dump. We also 
salvaged the wire and plumbing. The wood and shingles 
for the pump-house came from a house demolition in our 
neighborhood. Almost everything fur the project was 
salvaged or recycled, and our total costs were less than 
$350.00. 

The great thing ahout solar pumping is that the hottest 
days-when you need water the most-arc the brightest, 
when your pump can really deliver! With the panels 
wired to the DC motor, we get 4-1/2 gallons per minute 
at 35 psi. During midsummer we can pump for up to !4 
hours a day, ill moderate cloud cover to full sun. That is 3780 
gal Ions per day in high summer. For $350.00 and a little elbow 
grease, that"s not had by anybody's hook. 

This kind of system could be used to fil! a holding tank at 
higher elevation, or, with a pressure switch for motor protection, 
he hooked to a pressure tank, or just be run directly to hoses and 

Brock Doln1.~"' 
Decet'Y\ber 1 - 15, 2000 
$995 This two week intensive will focus 

on practical design and hands-on 
implementation of rtStorative sys
tems. CoUl"'se fu.s include tent vil
lage accomodotions and meols. 
Sotne scholarships and land intern
ships f ollowi119 the program will be 
available. For infortnation, please 
phone Gigi Coyle at 760 938-lln. 

www.ojaifoundation.org · 

The Ojai Foundation •. 
a ron-profit Ol'gllrli.t«tlo11 

9739 OjaiwSanta Paulo Rood, Ojai, CA 
805 646-8343 

sprinklers or a drip system. The combination or the classic looks 
of these antique pumps and the magic of direct photovo!tuic 
power (a system involving no batteries) is fascinating and FUN! 
People stand by the panel-and-pump array and watch, listening 
for many minutes to the soft slap-and-hiss of the piston: When 
was water pumping ever this enjoyable? But with all this fun and 

coolness (remember, it's cool to recycle) the 
best part is the education: Put together a 
project like this and you will become a 
relative expert in solar pumping in no time. 

So get out there and recycle some water for 
yourself, and do it today! 

Sources 
Grainger Industrial Supply: replacement 

parts and pressure switches. 
www .grainger.com 

Surplus Center: motors. 1-800-488-3407 
(for catalog). 

C and H Sa!es Company: motors. 1-800-
325-9465 (for catalog). ~ 

Ar the edge o_f the 811/locks' hog, {I photo\'oltaic pan el is swil'eletl to1wml the s1111, 

u·hile 1f1e pump that it dri11es is sheltered i11 a cedar-shingle pump-house. 

Douglas Bullock teaches temperate and 
trc,pical pennacufture at fiis home 011 

Orcas Island, Washington. and in Hawaii, 
Costa Rica, a11d elsewhere. He and his 
l'Xtended family lil'e 011 m1e of the oldest 
and hesr-deve/01,ed pemwculrun• sites in 
Nonli America. " 
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Energetics of Home Heating 

Does Thermal Mass Still Have Class? 
Dean Stil1 

w; N APROVECHO RESESEARCH CENTER'S 
hitect, Linda Barnes-who has definite leanings 

ward the passive-solar camp-reviewed the plans for 
our strawbale dom,itory, she wondered if the building needed more 
thermaJ mass. Aprovecho staff had replaced a thick concrete slab in 
the original plans with a lower-mass perimeter foundation and a 
wooden floor over R-40 cellulose insulation. Removing themial 
mass in passive-solar houses is near sacrilege, but at Aprovecho 
we're beginning to think that with thermal mass, as with so many 
other things, more isn't always better. 

Both Bruce-Anderson, in the New Solar Home Book, and James 
Kachadorian, who wrote The Passive Solar House, state that . 
thermal mass is an essential part of passive design. They recom
mend putting as much mass as possible inside the envelope of 
insulation. Ed Mazria, author of The Passi11e Solar Energy Book, 
recommends huge amounts of added interior mass. He says that 
four-inch-thick concrete should cover almost alt interior surfaces, 
and the concrete surface area should be at least nine times greater 
than the south-facing glazing. The Solar Building Industries 
Council (previously the Passive Solar Industries Council), now 
recommends a six-to-one surface-area ratio of thcnnal mass to 
south-facing glazing in houses with large expanses of sun-facing 
glass. 

When Gary Beckwith, manager of the Real Goods store in 
Eugene and an Aprovecho board director, saw that we hadn't 
added thermal mass to the dorm, he wrote a letter stating that the 
dorm could no longer be considered a passively heated solar 
building. His definition of a passive solar building was that it 
needed lots of windows on the south side, lots of insulation, and lots 
of mass. 

Gary was following the party line. Real Goods' super
store in Hopland, California features a south wall made 
almost entirely of glass, highly insulated roof and walls, 
and six hundred tons of thermal. mass. In the store's 
brochure, architect Sim Van der Ryn repeats !he often
heard mantra that "you cannot have too much mass." · 
Mass, we are informed, is needed to cool the building 
when too much sunlight enters the windows in winter a_nd 
to store heat for nighttime release. In summer, mass also 
helps keep the interior cool. 

Balancing Mass with Insulation 

end of Tromhe walls, water-filled drums, concrete walls, and 
other strange permutations of thermal mass. 

- Superinsulated houses, Shurcliff announces, don ·t need any 
added thermal mass-the weight of normal building materials is 
quite sufficient to moderate temperature swings. And this kind of 
thermal mass doesn't take up expensive interior space or :idd to 
the cost of the structure. 

Supcrinsulated houses are charactcri7cd by being very tight, 
with a minima! amount of uncontrolled air exchange per hour 
(0.S changes per hour is typita!). These houses generally have 
south-facing windows that total less than 891 of the floor area. 
Thus a thousand-square-foot house would have 80 square feet of 
windows, which is about 16 9;, of the south-facing wall. Even in 
cold climates a superinsulatcd house can lose so little hear that 
fu maces are often not necessary. The heat generated by electrical 
appliances plus solar input can supply most of the need. Smal I 
auxiliary hearers are deemed sufficient for backup. 

Even though there is nol much south-facing glass in :1 
superinsulatcd house, sun-generated BTUs can assist in heating, 
since heat losses are minimal. However, a Hopland style, Mazria
influenced passive-solar house needslarge windows on the sun
partly because glass loses many BTUs, but mostly because these 
houses arc not as airtight as superinsulntcd ones. Mazria, for 
example, does not mention air exchanges in his 27 rules of 
passive design. 

These larger losses demand greater heat input Greater input 
pushes solar architects lo add vast areas of rnass to avoid over
heating, especially in the spring and fall, when roof overhangs are 

There are other options, however. More than twenty 
years ago, William Shurcliff began writing about and 
cataloging the success of another type of passive-solar 
house without any added mass. Shurcliff is a major 
proponent of superinsulated houses. In Superinsulated 
cmtl Double-Envelope Houses, he joyously proclaims the Aprm'echn's .1·trawhale dorm, in the rainy Pacific Northwest, attempts lo 

balance m•ailahfe sunlight 1vith the right ammmt of thermal mass. 
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less effective shades. To work well, mass must cover a lot of the 
interior surface area. Mazria's research shows that cement floors 
alone will not effectively reduce overheating. 

The Ma.zria passive-solar house teminds me of an automobile that 
stays in one place by pushing down hard on the accelerator (analo
gous to letting in lots of sunlight) and standing on the brakes 
(adding great gobs of mass) at the same time. The super-insulated 
house, on the other hand, isn't straining like that to achieve a 
hobitable equilibrium. Greatly reducing losses allows miscellaneous 
interior heat-sources such as cooking. body heat, and heat from 
machines, plus added solar gain, to equal hourly BTU losses. 
Reducing losses also means that daytime-generated heat lasts into 
the night. Adding temperature-moderating mass is unnecessary 
since the reduced sun exposure does not overheat the house. 

Cooking with Glass 
The Solar Building Industries Council currently sums up the 

mass design problem with a rule of thumb that encompasses both 
glass-and-mass (Mazria) and light-and-tight (Shurcliff) styles of 
solar homes. The SBIC recommends that if the south-facing 
glazing doesn't exceed 7% of the floor area, overheating is 
unlikely and added mass is not necessary. In our experience, 
cloudy climates can help stretch these conservative guidelines. 
The Aprovecho strawba\e dormitory has a 14% ratio of south
facing glass-to-floor area and is adequately protected by shading 
alone. Since winters are mostly cloudy, low-angle winter sun 
rarely overheats the building. Living in an overcast climate has a 
few advantages! 

So without too many windows a light-and-tight solar house 
does not need added mass. But can adding thermal mass have 
detrimental effects, especially in a climate like Eugene's, where 
winter sunshine is infrequent? I would answer: May~e. If a house 
acts at all like a solar cooker, perhaps too much mass can keep 
the solar house too cold. Let me walk you through ·my logic. 

At Aprovecho, we use solar cooking a lot. And I cooked most 
of my food for years in Baja California with a solar cooker
mostly because I'm relatively lazy. It was easier to point.the box 
at the sun than to start a fire. But even in the desert a solar cooker 
can only cook so much food at a time. Here's why. 

Each square foot of reflector bounces about 200 BTUs per hour 
into the solar oven. My big Telkes solar cooker had 40 square 
feet of sunlight reflected into the oven, generating about ·8000 
BTUs per hour. Depending on the temperature of the oven. 
something like 20% of the total energy gets into the pot to cook 
food-1600 BTUs per hour. It takes about 150 BTUs per hour to 
cook a pound of food. So my big sol a~ cooker was maxed out 
cooking I 0.6 pounds of food. A heavier thennal load ( more food) 
would overtax the available solar energy. If too many beans were 

in the pot, they wouldn't be cooked by the end of the day. 
So, looking at houses, a question that naturally occurs to solar 

chefs is: If too much mass is placed in a solar-heated house, 
would the mass act. I ike a too-big pot of beans in a solar cooker? 
Would the overly heavy mass never w:irm to a comfortable level? 

To answer this, we can use solar-stove experience to show the 
differences between mass and insulation, and how to use each to 
reach a desired goal. 

Looking at mass, solar cookers cannot cook food if the walls of 
the cooker are made of cement even when painted black. The 
cement's mass absorbs too much of the heat hitting the oven, 
leaving too little to cook the food. Temperatures never rise high 
enough for baking. We don't want added mass in the body of the 
solar cooker to absorb BTUs thut could go to cooking food. The 
food should be the only thennal lo:id. In solar stoves, the best 
photon-to-air heat exchanger is lightweight, bluc:k sheet-metal, 
·not heavy cement walls. 

By the same logic, since mass moderates lhe temperature rise 
in a building. too much mass may prevent temperatures from 
becoming comfortable even though thousands of BTUs enter the 
structure. Raising the temperature of, say. 55 gallons of water 
(456 pounds) by I° Fahrenheit requires 456 BTUs. The same 456 
BTUs will raise the temperature of five gallons of water more 
than I 0°. In other words, a given amount of solar energy will 
raise the temperature of a large mass far less than it will a small 
one. This suggests that the amount of mass in a house should be 
related to the amount of incoming sunlight. Too much mass may 
not be heated enough by the sunlight to heat the room. 

The sunlight pattern matters, . too. A room full of thermal mass 
will do different things in Arizona, for example, than it will in 
Oregon. Arizona's long, sun-filled days put a l•)l of heat into a 
room. But the meager hour or so of sunlight during an Oregon 
winter day may not wam1 massive tloors and walls at all
especially if the walls are a light color, as most arc. 

Thus, if a passive-solar home is like a solar cooker , mass 
should be sized to the amount of solar input as well as to the 
square footage of window area. The Oregon solar house can 
probably do better with less mass because a less massive house 
(if well insulated) will become wam1er with less solar input. 

But whether too much mass could be a bother revolves around 
a primary question: Is the sun going to heat the house, or is the 
sun ju,st going to help out once in a while? Most solar houses are 
designed to receive an assist from sunlight , and are heated just 
like normal houses, using auxiliary heating sources during part of 
the day. If a furnace or stove he1.1ts the house, added them1al mass 
will slow initial heating but will help keep the house warm 
longer. Added mass in this case docs no harm except to take up 
space. We might want to keep in mind , however, th:1t a 
superinsulated house requires much less additional heating than 
the classic Mazria-style passive home. 

Send in the Clouds 
If the intention is to design a passive-solar house that is truly 

heated by the sun, it seems to me that too much·mass will prevent 
limited amounts of solar heat from warming the occupants. In the 
maritime Northwest, more than u couple of hours of sunlight are 
rare during a winter day. A week or two of cloudy weather is 
common. 

In that case, internal mass won't be wam1ecl by the sun, and 
will pull interior temperotures downward. A heavy house may 
absorb a couple hours of sunlight and not warm measurably. A 
light and tight house, on the other hand, might show a tempera 
ture rise from the sunlight. Al least the house can be wam1 when 
t~e sun chooses to appear! 
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Here's an example. A water-filled SS-gallon drum in front of an 
Oregon wintertime window acts as an ineffective heat exchanger 

when exposed to two hours of sunlight. Very roughly, the six square 
feet of lhe barrel contact 200 BTUs/hour times six square feet. That 
equals 1200 BTU s. Two hours of sun] ight results in a total of 2400 
BTUs hitting the surface of the water drum. In our tests we have 
found that about 30% of the total input heats that 456 pounds of 
water. The other BTUs heat the room. Thirty percent of the BTUs 
warming the water barrel results in a 1.5° rise in temperature. That 
makes a cold Oregon house-cat unhappy! 

To make our Oregon cat purr we may want to keep the same six 
feet of surface area but use less water. My cat likes a surface to be 
80° F. If the barrel starts out at 65 °, a temperature rise of 15° is 
needed. Theoretically, two hours of sun has enough energy to warm 
24 pounds of water (three gallons) by ]5°. How long the three 
gallons stay warm-and heat the cat and the room------<lepends on the 
insulation and air tightness of the room. Three gal Ions of water 
makes the cat happy, but 55 gallons chases the cat next door to the 
neighbors' for a nap close to the wood-fired stove. 

Finding Enough Sunshine 
Passive-solar houses depend on frequent sunny days to wam1 

them. But passive-solar houses have a limited amount of heat 
storage capacity, and the thermal mass needs regular recharging. 
After a few sunless days a passive-solar house will be as depen
dent on auxiliary heat as a house without solar features. In a 
foggy, overcast climate like our Willamette Valley, the saving 
grace of solar houses is that they are often highly insulated. High 
R-values plus low hourly rates of air exchange (less than I per 
hour) help any house use less energy to get and stay warm. 

A well-insulated house might need something like 10,000 
BTUs per hour to stay warm when it's freezing outside. How 
much daily sunlight would we need to do this amount of heating? 

Let's imagine that this tight, small solar house has about 200 
square feet of south-facing windows. If the house has a 400-
square-foot south-facing wall, then 50% of the wall is made up of 

windows. Strong sunlight provides about 200 BTUs per s_quare 
foot per hour. If we were very lucky here in the Willamette 
Valley and experienced two whole hours per day of strong winter 

sunlight, would we be able to heat the house? 
To give the limited sunshine a chance, let's direct it towards a 

black, low-mass heat-exchanger that turns I 00% of the sunlight 
into high-grade heat (if sunlight contacts a heavy, white interior 
wall, the same number of BTUs have entered the room but 

temperatures may not rise into the comfort range). The calcula
tion is very simple: 

Two hundred BTUs per square foot per hour times two hours per 
day equals 400 BTUs per square foot per day. There are 200 square 
feet of windows in the house that admit sunlight. Two hundred 

times 400 equals 80,000 BTUs per day. That's our total solar gain, 
equal to the heat energy in less than ten pounds of firewood. 

We need about 10,000 BTUs per hour to heat the solar house. 

Given a normal rate of heat loss, there is only enough solar heat 
to keep the building warm for eight hours. The rest of the time 
the building will require heat from the wood stove to stay at a 
comfortable temperature. 
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Swinging with Mass 
Tests done at the Oak Ridge National Laboratories show that 

added mass does not help to retain heat in u building unless the 

daily swings in external temperature are well above and below the 
desired indoor temperature. Mass moderntes temperature towards 
the daily average. 

The April, 1998 E11virm1me11tal Buililing News article summariz
ing the tests states, "In northern climates, when the temperature 
during a 24-hour period in winter is always well below the indoor 
temperature, the mass effect offers almost no benefit, and the mass
enhanced R-value is nearly identical to the steady-state R-value." 

If the sun does not raise the interior air temperature in a 
Willamette valley house well above the desired 70°, there may be 
little value to added mass for heating. Today, for example, the 
Oregon sun ww; mostly blocked by clouds, but showed its face for 
minutes at a time. Only black low-mass objects in the house got 
warm and then, through convection, helped to heat th{;··,: larrels 
of water and concrete walls stayed cold. 

To summarize; it is useful to get a fee! for what the sun can ano.l 
cannot do toward wan11ing houses in cloudy climates. In Oregon the 
most economically sensible energy-saving options arc to reduce air 
exchanges and to have sufficient insulation-these dramatically 
help to reduce heat loss. Adding solar features would be third on my 
list of priorities, especially in a foggy valley. Shurcliff points out 

that if a house were more like a Thennos bottle into which only 
prewarmed air was added, little heating beyond that generated by 
the activities of occupants would be necessary. 

Steve Baer of Zomeworks was famous in the 1970s for building a 
house with a south wall made from 55-gallon drums of water 
behind glass. But after years of experience with solar architecture, 
he writes, "Glass and mass-both are dramatic and tempting to 
architects, but insulation solves almost all themia! problems without 
drama" (personal communication, 1998). / 

A flare for the dramatic characterizes a lot of archire'ctlire. The 
rich try to make grand personal statements out of their houses. 
But the appropriate technologists at Aprovecho Research Center 
are always glad when workable solutions--cheap solutions 
available to all in society-impress us with their simple utility. 
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Another Kind of Energy 
Peter Bane 

PERMACULTURE HAS ITS GENESIS in the visionary 
work of J. Russell Smith, J. Sholto Douglas. Robert Ha,1. 
and others less well known, who, two generations ago and 

more, realized the urgency of transforming the basis of .igrinll
ture through the use of trees and other perennial crops. They saw 
the progressive devastation of land that followed the plow and 
knew that only by integrating forestry and farming could ma11 · s 
impact on the Earth be tempered and hope for humanity's fotllrl' 
be secured into the next century. Following the revcl:11iuns nf 
ecologist H. T. Odum ( 1) on the problem of e11ergy. ,l third k·~ 
was added to this vital synthesis, as David Holmgren so trL·n

chantly expounds in his essay "Energy and Pernl.ll"U!turc" t2). It 
was for Holmgren, a young student of design at Hoban. Tasma
nia, and his unlikely mentor, Bill Mollison. a hushman turned 
university professor, to set forth a systematic ;1ml pr,1ct ic:1\ 
approach to implementing these new understandiilfS. 
Pcm1aculture emphasized redesign of the <lnrncstil' 1:mdsl';lpl' for 
self-reliance, building the genius of the locill ,llld thl' indi,·idu;\I 
into this triune and revolutionary shift. 
. Though widely accepted by both tr:1ditin11al aml Jlll.,l-llll'Lkrn 

peoples around the world, pennaculturc has hL'l'll lari,:l'ly ignnreu 
by governments and institutions, to which its l'S~l'llli,rl uwssilge is 
anathema. The vacuum of official support h,ts nhsL"llfl'0 the scupe 
and extent of this revolution in man's relation 10 the bnJ. II is 
important theref~re, for those of us promoti11g pcnnm:ulturc 
concepts and systems to realize that the elaboration of the 
pennaculture design system, though original to Holmgren and 
Mollison, was neither isolated nor unique, 
but contemporary with a range of parallel 
creative work in other western countries. 

Rummaging my bookshelf for inspiration 
on energy in preparation for this issue, I 
came across evidence for a similar ideation 
in a slender thesis by Ida and Jean Pain, 
Another Kind of Garden. First published in 
1973 and in a fifth edition by 1979, this 
little book documents the work and methods 
ofM. Pain with brushwood compost. 

A Little-Known Visionary 

..... . .__. 
... ,.tr A . ~.. . ;,· 

with the imroduction of grazing animals and cereal cropping. He 
experimented with the production of compost from brushwood 
thinnings of rhe garriguf, France's sclerophyllic southern forest. 
By progressive applications of this compost and careful mulching 
to retain moisture. Pain demonstrated and recorded in great detail 
that high quality vegetables could be grown without irrigation in 
these dry soils. He further speculated that the forest itself could 
he n:generated by selective use of the same material. 

\\/hat sets Jean Pain apart from Sir Albert Howard or other 
adn1cates of compost for gardening are two important elements. 
First.-P:iin placed the source of humic material in the forest and 
11,)t in agriculture. In this way Pain pointed to a way of making 
prnJm:tive the vast scrubland and dry forest regions of the sub
ll'mperate and sub-tropic regions, areas of the planet blessed by 
abundant sunshine and long occupied by humans, but whose soils 
\\'ere exhausted before the modem age. Second, motivated by a 
prnfoundly post-modem understanding of global resource limits, 
he concerned himself with the production of industrially useful 
energy from this basic earth resource. In this way he offers a 
bridge between traditional livelihoods based in shifting cultiva
tion or nomadic herding, and a more modem, prosperous, and 
settled way of life. He also shows westerners a way out of the 
dilemma of dependence on fossil fuels. 

Why then have we not a helter knowledge of this important 
man ,md his work? The answers are several and should surprise 
us little. Jean Pain.worked independently in a rural region. He 
was affili.ited with no university or government. Though French 

Pain was a citizen scientist in Occitania, 
that fabled and historic region in the south 
of France, whose political fate has long been 
submerged within the French state, but 
whose spirit is still restive. Contemporary 
with Bill Mollison, Pain was concerned with 
the devastation of the Mediterranean forest 
by fire, a terminal process of dehumification 
of soils that began thousands of years ago 

Large brushwood cmnpost pil e with plastic whes placed horizollfally. Easy to build, 
but difficult to di.unantl e. Vertica l 111he.1· and farer, circular l'Oils, were superior. 
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is a world language, it is no longer the 
leading tongue of science and has been 
eclipsed by English as lhe lingua frnnca 
of cultural innovation. Pain's small, 
didactic volume was self-published, and 
its translation into English was awkward, 
the text difficult to read. Though Pain 
networked with other researchers in 
francophone Europe and in California, 
the extent of his outreach appears to have 
been limited . He was essentia lly an 
agronomic scientist and inventor, without 
the personality which might have enabled 
him to publicize and propagate his ideas. 
And, more broadly, his creative work, 
like so much innovation in energy 
technology, was marginalized by the 
worldwide conservative reaction of the 
1980s which sought to deny the implica
tions of the oil shocks of the previous 
decade. 

Let's look at Jean Pain's methods and 
try to assess what sort of legacy he has 

Settin,: up the collector, which will ultimately be placed inside the compo.ft heap. 

left us as we enter the 21st century . 
Pain lived in Provence and realized the limitations of what 

Alan Savory (3) has called "brittle environments," those charac
terized by extended seasonal drought. Absent herds of large 
animals to process the biomass into a form available to soil 
organisms, organic matter tended to cycle more often through fire 
than through earth, exaggerating the loss of carbon from soils 
already depleted and subject to high temperatures for much of the 
year. While Savory, and his intellectual predecessor Frenchman 
Andre Voisin, emphasized intensive grazing by herd animals, 
Pain faced a dry mountainous landscape where resinous plants 
were dominant. Unsuitable for most grazing animals, the brush
wood which amounted to as much as 50t/ha (20t/a c) was a huge 
rese..:oir of volatile fuel for an ever-increasing number of 
human-caused fires scourging the Mediterranean littoral. 

A modem Prometh eus, Pain sought to domesticate this demon 
for human use. His studies had revealed the essential mystery of 
humus and its role in soil fertility. The creation of long-chain 
carbon molecules by a biological alchemy made soils and the 
environments based on them, more supple, better capable of 
holding moisture, supportive of a more diverse biota. This magic 
substance could be "cultured" by providing supportive conditions 
for bacteria and funguses to digest plant material: ample mois
ture, controlled atmo sphere and temperature and the continuous 
diffusion of oxygen into the mass were sufficient. But though the 
raw material was abundant in the Provencal forests, its collection 
required chainsaws and motorized transport, and its processing 
required grinding to increase the surface area and hasten break
down. Collection and grinding required industrial fuels and 
machinery, albeit simple: truck~. tractors, power saws. How then 
to close this economic and cJ1,~rgy loop? By capturing energy 
from the composting process. 
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Alternate E11ergy Paths 
Jean Pain articulates two basic biochemistries: a fomilar one, 

that in the presence of oxygen, cellulose and lign ins in woody 
material break down (or build up) to humus; and one less 
familiar, that suspended in water, anaerobically, and held at 36°C 
(97°F) the same woody material will support bacteria that 
produce methane .gas. (Only slightly different processes are 
required to yield wood alcohol, yet a third useful substance.) 
Mcthane-natura! gas -is an industrial fuel. It can provide 
combustion energy for cooking and space heatin g , but it can also 
run motors. Convenience in transport and for vehicle use dictates 
compressing the gas, but this too is possible with methane
generated electricity and simple compressors. The nimble French 
inventor set out to link all these processes by the necessary 
technical elements. 

Since his first aim was the rejuvenation of the soil, Pain 
devoted himself first to the perfection of the compost pile. 
Manual preparation of the material required that it be selected 
from small branches (less than 8mm thickness) and leafy matter. 
The presence of chlorophyll (and we know also enzymes and 
other nutritive substances) enhanced decomposition to humu s (4). 
In the case of industrialized composting a smaller thickness was 
desired (les s than I mm), with Jong thin fibers preferrable to short 
thick pieces. He reports that machinery that shaves rather than 
ch ips the branches and limbs is preferred. Obviou sly, powerful 
machinery is required to macerate small tree trunk s and limbs, 
and Pain spent considerable attention developing prototypes. One 
of these, a tractor-driven model, was awarded fourth prize in the 
J 9'/8 Grenobl e Agricultural Fair. 

The brushwood shavings must then be saturated with water. A 
cubic meter of woody material will abso rb up to 700 liters of 



water over three days if continuously moistened. Mindful of 
conserving this precious resource, Pain dug trenches before 
building his piles in order to drain away excess water which he 
then pumped back into the process. 

A large heap (75m3, about SOl) of this material could be 
obtained from a hectare of careful forest th innings (35-401). This 
would both improve the health of the fores! while providing 
humic manure sufficient to one hectare of cereal cul1ivation. 

Compost piles properly made of course, heat up. Re.iching 
60°C ( 140°F). a heap of this volume would ferment for up to 18 
months and provide (through a simple plastic coil embedded in 
the pile) heated water for domestic use throughout the run of lhe 
reaction. Pain reports that he heated his fi vc-room house of I 000 
square feet ( IOOm2) and provided hot water (at a mt~ of -1-liter~/ 
minute) for its occupants from a 50t pile for six months. hut that a 
1201 pile maintained that output for a full 18 months. 

After testing horizontal and vertical coils. Pain condu<.kd tlwt ;i 

circular coil or series of concentric circul.1r coils was 1lw hcsc 
design for extracting heat from a compost. consistent with l';ISl' (lf 
constructing and deconstructing the pile. 

Jean Pain continued to refine his technologies. The shredder he 
devised was later fitted with a recirculating chuce for case (lf 

handling the brushwood shavings while obtaining the fineness 
required. Having proven the utility of heating w.iter (m1J sp;K'l's) 
with brushwood compost. he experimemed with heating air for 
greenhouses. 

And to make a completely honest fanner of himself, Jean Pain 
insisted on meeting the energy requirements of his harvest and 
processing machinery, so he turned his attention to the production 
of gas by methanogenesis. Referring to the work of Duccllicr, 
lsman, John Fry, Sauze, and others, Pain touches only lightly on the 
technical aspects of gas generation, preferring to report his findings 
relative to the brushwood source material. Five kgs of finely 
shredded brushwood compost yield about I m3 of methane-about 

Gas {I/Id lwtwater prnductio11 system. 

5,500kcal-equivalent to about half a liter of high-grade petrol in 
energy contenl. The gas generated hy the fermentation of brush
wood requires a simple filtration-which he does not explain but 
which is presumably referenced in the literature-before it can be 
compressed and applied to motorized transport (a simple carburetor 
,idjustment for a standard gasoline engine) or electricity generation. 
As the photos in his book allest. Jean Pain in fact developed or 
adnpted m.ichinery to nm from this fuel. 

An imporcant de\'elopment in technique for methane produc
tion was to embed the gus-producing tank {a scaled plastic tub of 
..J.m3 \·olume). stmounded by coiled plastic pipe, in a compost 
heap. The ph1stic coil conducted water around the gas tank while 
scn·ing a~ a heat t'xch.ingcr. By regulating the flow of water, the 
tcmpcrnlllrL' of che gas reactor could be regulated to optimize gas 
produetinn. \\'hich in this example was about 1300 liters per clay. 
Tlw \\.lier llf rnurse was used for heating the house. 

k;m Pain ctinneL·ted this supply to a storage reservoir of 36 
i111K'r tuhc~. These in turn fed the domestic cooking devices and 
~uppl1cJ gas co a compressor run on electricity from a methane
pnm:rcd fl'lll'rntor. The,compressed gas supplied motive power 
fur thL' form trnck. while the generator also ran lights in the 
houSL'. 

T!w l'l'SU!is are impressive. From a hectare of fire-prone and 
unpwductivc forest, 50t of agricultural fertilizer can be derived 
along with the energy equivalent in fluid form, of 4000 liters of 
high-grade petrol. This energy can be channelled to the harvest 
and processing of the woody material, and the whole can be 
accomplished while providing paid employment and a modest 
profit from the sale of gas and humic mar.urc-by ,any measure a 
trnc pcrmaculturc ! 

Pain cakulates the economics of a theoretical IOOOha unit 
managed according to his methods and estimates that process 
energy required is 12% of energy yield, while counting in all inputs, 
ores, metallurgy, wood, implements, and so on, 26%; that equip-

ment can be paid for in five years and the 
financing, including interest, retired within 10. All 
the while 16 people will he employed at good 
wages. 

Some Caveats 
Pain continued innovating and refining his 

methods through at least 1979 ( when the fifth 
edition of his book was puhlished). He inspired 
the creation of a technical center in Belgium (5), 
and reported pending contact with municipal 
officials in Seattle, Washington who were 
interested in applying his methods to process 
urban wastes. A cooperative enterprise had been 
formed for the manufacture of brushwood 
shredding machinery, but interestingly its 
address has been scratched out from my copy of 
the book. What has become of him and his work 
is unknown to me. In the course of 15 years he 
learned a great deal of the technical require
ments of his art, all directed toward increasing 
the yields and efficiencies of the process, 
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hastening the cycle from cutting of brush to 
application of compost to soil, recycling material 
internally (he used aged compost to generate 
methane, then recycled the residue to soil). His 
aim throughout was improvement of forest 
health. Though I have emphasized in this 
synopsis the technical aspects of his invention 
and the industrializa1ion of brushwood compost, 
Pain himself stresses the importance of sensitive 
harvesting of the woody material: careful 
pruning, thinning, and felling are essential to a 
successful result. In his own words: "This 
research. then, which was begun in 1964 in the 
Central Var [districtL and which was aimed 
primarily at enabling a family of extremely 
modest means first to get by and then live 
normally in the forest, has today led to the 
production of ENERGY in the form of electricity 
obtained by means of simple techniques, this not 
being our purpose at the outset." 

Pain's work points out the need for further 
innovation and elaboration of techniques for 

The biocompost-heated greenhouse. 

producing methane and alcohol from woody material. Implied are 
an ruTay of methane or a!cohol-dri ven motors of various sizes for 
everything from power tools to generntor's, transport vehicles, and 
farm and earthmoving machinery. These arc simple fuels, easily 
derived from organic materials and thus capable of widespread 
production and use. They are ready substitutes for most of the liquid 
petroleum-based fuels now used by industrial civilization, and as 
such arc compatible with a smooth transition away from centrally 
controlled energy. Though wind and solar will play an important 
role in a gradual shift of energy sources, there is little promise of 
either the majo_r revolution in motive technology or of a rapid 
restructuring of the built environment that would allow us to shift 
our heavy dependence on transport to these well developed 
renewable energy sources. 

Much interest of late has gone towards the process of convert
ing waste cooking oils into biodiese!. While this is interesting and 
creative, it seems inherently limited in its applications, primarily 
because of the relative scarcity of the source material. Nothing 
like a sufficient quantity of spent cooking fat is available to 
provide adequate transport energy for the entire population, even 
at vastly reduced levels of energy use. Also, the production of 
industrial cooking oils is primarily monocultural and inherently 
devastating to enormous areas of the planet. Biologically, 
production of oils requires a more complex and less efficient 
energy pathway than plant production of cellulose and ligneous 
material. There will always be many hundreds, if not thousands 
of times more woody material than oil produced. In addition to 
the basic phytochemistry, there is the geographic argument: many 
millions of acres of land are unsuitable for arable crops, arc 
degraded forest of low yield, or are wastelands wreaked by agricul
ture or toxic chemicals. We need technologies for deriving eco
nomic yield from the rehabilitation of these lands. We also need 
simply technologies to break the monopoly of the fossil fuel 
industries. · 

It was the genius of Jean Pain to grasp the essential problem of 
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the age and throw himself into finding simple and appropriate 
technical solutions for it (even if, by his admission, he did not know 
all of what he would do at the outset). That these solutions find their 
most efficient application at a modest and very local scale is a boon 
to the world and has everything to do with Pain's original intent. 
The social and labor arrangements, capital financing. and technol
ogy required to yield useful and commercially valuable energy anti 
fertilizer for individual and community-scale application from 
restorative forestry are within the reach of large numbers of people 
and groups throughout the world. 

What is needed now is for significant numbers of people to 
real izc and take responsibility for our continued use of liquid fuels 
in t.nmsport, energy for domestic heating and hot water, and to 
realize that the stable and successful transition to a sustainable 
economy requires us to develop loca!ly controlled and biological 
sources for these energies. based on simple, widely available and 
applicable technologies. 

Nutes 
l. Odum, Howard.T. :md Eugene C. Odum. The Energy Basis for 
Mm, and Nature. McGraw Hill, 198 l. 
2. Holmgren, David. "Energy and Pcrmaculture," Permarnlture 
Activist #31, May, 1994. 
'3. Savory, Allan. Holistic Resource Management. Island, 1989. 
4. Celine Caron. "Ramial Wood Chips," Permaculwre Actil'isl #29/ 
30, July, 1993. 
5. Jean Pain Committee 1 ntemationa!, l 8, A venue Princesse 
Elizabeth, 1030 Brussels, Belgium. tel. 32-2241-08-20 or 
32-52-30-01-66. 

Tire author admits lo ,w great.f<mriliarity ll'ith either the prod11c
tio11 or me o/ hiugas, unfy a keen interest /Jased 011 need. He ll'OU/d 
like 10 thank Emilia /fo-:dip fr1r her timely s11ggestio11 to i11vc·sti
gate tire .rnhjfft, allll offers his .vincere appreciation to Ida mu/ 
Jean Pain for their pioneering efforts. 



Field Report From Aprovecho 's Strawbale Dormitory 

Straw Bales in a Wet Climate 
Dean Still 

C AN YOU BUILD SUCCESSFULLY with strawbales 
in the wet and moldy Pacific Northwest? We're getting 
pieces of the .inswer from our strawbale dorm, hoth from 

evidence directly gathered by the 16 relative-humidity sensors in 
the walls, and from studying the strawbalc literature. Like most 
scientific inquiry, a definitive picture is still evolving, but severnl 
startling observations have emerged. 1"11 list what we've found in 
the last year or so. 

I) Studies are finding that the R-valuc of straw is lower than 
first expected. We used to tell visitors that strawbalcs had an R
value of around 50. Current tests have shown that R-valucs 
range from arounl 17 to 36. The R-val uc of straw walls is 
affected by moisture content, density. and spaces between the 
bales. It is now generally accepted that u completely dry straw 
wall probably h.is .in R value of ,1round two per inch of thick
ness. That's still pretty_ dam good. 

2) Straw absorbs moisture directly from the air before the dew 
point is reached. In other words, bales become moister even 
when the relative humidity stays below 100%. Seventy percent 
relative humidity equals approximately 20% moisture content in 
a bale. At 20% moisture content most organic material-grains, 
wood, dried meat, straw-starts to degrade. The eight sensors 
near the outside of our bales have shown an average moisture 
above that, closely following the external relative humidity. 

3) Our average external relative humidity last winter hovered 
around 85%. The buried-in-straw sensors near the outside of the 
bales reflected this very high relative humidity. All the sensors 
near the inside of the bales showed greatly reduced relative 
humidity. This may be because the interior wamith seems to be 
passing through the wall and warming the sensors buried four 
inches in from the interior walls. The wanner temperatures result 
in readings of decreased relative humidity because warm air can 
hold more moisture than cold air, so the same amount of water 
vapor creates a higher relative humidity in colder air. The .. 
external sensors were often closer to the temperature of the 
outside air. So these sensors reflected relative humidity that was 
proportional to the winter average near the outer surface of the bale. 

4} No one seems to know if strawbales will degrade at 85% 
relative humidity while at 40° F. They do know that bales will 
start to decompose at 85% relative humidity and 70° F. 
Stac_vhotrys atra, which causes farmers lung, develops at 92% 
RH at 70° F. But some cellulose molds will grow slowly at 
temperatures as low as 27° F! As far as I know, we are in a gray 
area of knowledge here. Hoping to shed light on the situation, I 
cut a hole in the lower part of the north wall and checked out !he 
straw. I'm glad to report that it seemed to be sweet and dry, 
without evidence of rot! So we seem to have. passed through two 
wet winters without apparent visual damage. • 

5) Well-insulated walls can cause moisture to condense in the 
wall cavity during the winter. Warm. moist interior air can enter 
the wall as the air and wall humidity levels try to equalize. At 
some point inside the wall, usually at the exterior, the tempera
ture falls low enough to reach the dew point. Droplets of water 
can form· inside the wall, wetting the insulation and perhaps 
wetting the floor of the wall cavity. Currently, the accepted 
solution to this problem is to install a vapor barrier on the inside 
or the wall. Low-permeable paint has also been used. Added 
interior moisture, from bathing and washing. cannot then easily 
pass through the wall, which lessens the umount of moisture 
entering the insulated cavity. Two more option,- are to vent the 
wall to the outside, which release~ trapped moisture, and to 
insulate on the outside of the wall cavity. Insulating on the 

Bu/ding the ,ftrawlwle ,lormitory at ApnJl'echo . 
. . 
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st raw in our valley for decades, that straw would 
eventually rot. Straw bal es kept in their big, dry 
barn s only last about five year~ here befor e 
swelling enough from moisture to pop their strings 
and beginning to mold. But no one kn ows if the 
sam e will be true of straw that's heated and inside 
a wall. Perhap s studie s like thos e on· thc 
Aprovecho dorm will eventually shed light on 
straw's usefuln ess as an insulation even here in 
th e wet and wild Northw est (a report from the 
Universi ty of Oregon concludes that, while 
relative humidity levels were high in the bales. it 
will take furth er years of study to determine 
whether rot will occur). 

7) And Aprovecho will complete the research. 
Stay tuned for details. In the mean time, probably 
everyone in the stmwbalc community would agree 
that building a straw house where the relative 
humidity av~rnges less than 70% is ,l safe and 
rea sonable thing to do. 

Co11str11ctio11 detail of Aprovecho's strawbale dorm. Note plac£'/ll£'llt of 
moisture .l'l'll.wrs. 

Building one here in the grey area just confirms 
how daring we rain dwellers arc. t:. 

outside of the wall can prevent interior wall temperatures from 
fa lling low enough to create high relative hum idity. T he insula
tion can keep the whole wall cavity wann. which greatly reduces 
the chanc e of moist air con densin g inside th e walL Stres~ed skin 
panels, for example, can insulate the outside of a dwelling. 

Th e approach em ploy ed in the Aprovecho donn was to create 
an ai r gap betw een the straw and th e stucco exterior wall. This 
vents to the outside air. We hoped that moisture in lhe air would 
contact the outer wa ll before condensing in the straw, and then 
would be vented away without bein g wicked into the bales. Two 
layer s of tar paper stand between the outer wall and the stra w. 

It might have bee n better for us to have installed an impe rme
able membrane between the straw and the stucco. Rec ent studies 
don e by the Canadian Mortg age and Housin g Corporation have 
found that cemen t stucco is both vapor permeable and capillary 
active. In other words, both water vapor and rain can pass right 
throu gh cement stucco into the straw. The CMHC recommends 
that rain never be allowed to touch any part of a stucco-on-bale 
wal l. In one c:tsc, a new home built wi th stucco appli ed to the 
bale did suffer damage. The report recommends either huge 
overh angs or an impermeable membrane between stuc co and 
straw. 

Th e air gap betw een the straw and tar-paper/stucco in the 
Apr ovec ho dorm allow s the straw to breathe and, we hope , expel 
moisture into the air while the exterior double layer of tar paper 
protects the straw from rain and possible wetting pro blems. The 
larg e downside to this approach is the greatly increased air 
exchange in the wall which lower s lhc effective insulative 
values. Only the inner wall blocks air exc han ge into the interior. 
As it stands, our dorm is a pretty leaky build ing. 

6) Only tim e will tell if the straw will degr ade in th e 
Northwest's wet and cloudy cl imat e. We were warned by 
farmers before we started building, farmers who have sto red 
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Dean Still is Appropri{I(£' Ted111olo;;y Coordinwo r at 
A1,ro1•<•cho Reseurch Center, 80574 Ha:.eltrm Road. Collage 
GnJ\'e, OR 9 7424. 11·11·11·.eji1.orgl-apro £'mail: apro@efn.org 
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Nourishing Traditions 
The cookbook that challenges 
politically correct nutrition 

and the diet dictocrats 

Authors Sally Fallon and Mary G. Enig take on the 
pseudo-food industry with a vengeance. Drawing 
on Dr. Weston Price's pioneering studies of tradi-

tional diets around the world, they offer hun
dreds of recipes for fermented and sprouted 

foods, healthy drinks, desserts without dentists , 
and more. Packed with stories from ancient 

cultures and modern medicine that blow the lid 
off conventional dietary assumptions, this book 

will change the way you view and eat food. 
2nd edition, 668 pages, illustrated, paper 

$25.00 + 10% shipping 
NC residents add 6% 
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Black Mountain NC 28 711 USA 



Cooperative Land Ownership 
Brendan Conley 

FOR MOST OF HUMAN HISTORY, no one owned the 
land. Early tribal peoples (and today's indigenous ones) had 
the idea of a tenitory where they belonged, but they believed 

the Earth owned them. The notion that a part of the Earth can be 
bought, and that the owner can do with that hmd whatever he wants, 
is a new one. Nevertheless, the idea of ownership has taken over. 
All land on the Earth (except Antarctica) is claimed as the tenitory 
of national governments, and within those countries land is the 
property of individuals, corporations, or the government itself. 

An economy is made by people, and the land and buildings where 
people live and work are the foundation of economic life. Therefore 
we should look closely at who owns that land, and who benefits 
from prevailing patterns of land ownership. 

In private ownership, where individuals and corporations own the 
land and housing, the owners may be happy with the situation, but 
they are few. In the US today, 5% of private landholders own 75% 
of privately held land. When housing is privately owned, the rules 
of the real estate market apply, and poor people can be driven out of 
neighborhoods by gentrification. When factories and forests arc 
owned by private corporations, decisions that affect the whole 
community are made by a very few. 

Under government ownership, land and housing are supposed to 
be managed in the public interest. But in the US, much of this 
"public" land is devoted to military use. Our national forests are 
handed over to private corporations to be clearcut and overgrazed at 
our expense. So-called "public housing" is a lifeline for many, but it 
can be a disempowering stigma for the people who depend on it. 

When private interests and the government twn the land, only the 
powerful benefit. But there is an alternative that brings benefit to the 
community as a whole: cooperative land ownership, and it is quietly 
taking root in the United States. 

One form of cooperative land ownen,hip is the intentional 
community, of which there are hundreds in the US alone. The 
intentional community is a broad concept that includes any group of 
people who choose to live together. Some intentional communities 
have ownership structures similar to those in mainstream society, 
but others are inventing new structures that reflect their values. One 
of them is Celo Community, in Yancey County, North Carolina. 

Ernest Morgan, one ofCelo's founders, has said that the commu
nity reflects a philosophy of ''caring and sharing," an alternative to 
competitive mainstream society. Occupying 1200 acres of Appala
chian land, Celo is home to people from 45 households, as well as a 
number of projects that manifest their cooperative vision. One of 
these, the Arthur Morgan School, is an alternative junior high 
school at Celo, founded on principles of experiential learning. The 
community also hosts a Community Supported Agriculture farm, a 
food co-op, and a craft producers co-op. 

Celo's structure and process are based on cooperative principles. 
All of the land is owned by Celo Community, Inc., a nonprofit 
organization. Members own "holdings," which may include 
buildings, but the land is the property of Celo, so that it may not be 
sold at a profit, or sold outside the community. The members of the 

community make decisions by consensus. ensuring that everyone's 
voice is heard. This group decision-making ensures that the 
community operates according to the ecological and cooperative 
principles that Celo members hold dear. Celo is one comer of 
Appalachia that is protected from destructive commercial develop
ment, and it's a comer where there is peace. 

Celo, like most intentional communities, is rural. The members 
are mostly white and middle-class. But cooperative land ownership 
spans a wide spectrum. Across the sta~e, in Durham, North Caro
lina, black, working-class people have revitalized their urban 
neighborhood by organizing the Durham Community Land Trust. 

Fifteen years ago, Durham's West End neighborhood was an 
unhappy place. Absentee landlords demanded high rents for 
deteriorating buildings, children played in abandoned houses, and 
drugs were sold in the streets. But members of the Burch Avenue 
Neighborhood Association came together in 1987 to improve 
conditions in their neighborhood. Today, houses gleam with fresh 
paint, children laugh and play in the yards and playgrounds of 
revitalized churches and community centers, and people sit on their 
front porches to smile and wave at passers-by. 

Revitalized neighborhoods are not unusual in America, but the 
renovation and cleanup is usually accompanied by rising rents and 
real estate prices, forcing out the poor people who lived there. This 
is gentrification, anc! the community land trust (CLT) model is 
designed to keep it from happening. CL Ts are nonprofit organiza
tions that hold land in trust for the community. The CL Towns the 
land, but the residents own their homes. They can renovate them, 
and sell them, but the CL T has the right to buy back the house at a 
price that takes into account the value of the home, inflation, and 
improvements, but not profit for the seller. This allows the CL T to 
maintain permanently affordable housing for the community. The 
CL T is democratically controlled by its members. and managed by 
an elected board of directors. 

Linda Lewis Giles, a Durham CLT homeowner, gives a first
hand verdict on the organi1.ation's success: "Since the land trust has 
come into this community, things have changed tremendously. The 
street I live on is much more beautiful than it(s ever been." 

For the people of the world, the revolutionary demand of "land 
and freedom" is still vital. When we own the land cooperatively, we 
can have both. 

Resources 
Co111nm11ities Directory, published by the Fellowship for Inten

tional Community, $22 postpaid from Communities, 138 Twin 
Oaks Rd., Louisa, VA 23093. 1-800-462-8240. <WWW.ic.org>. 

Community Land Trust Handbook, Institute for Community 
Economics, 57 School Street, Springfield, MA 01105-133 I. 4 I 3-
746-8660. 6. 

Brendan Conley is a member of rite editorial team of Asheville 
Global Report, a weekly comnumity newspaper. Contact him at 
bconley@agmews.org or PO Box 1504, Ashevilfe, NC 28802. 
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REVIEWS 
Non--Doctrinaire 
Gardening 
Review by Chris Roth 

HOW ARD-Y ANA SHAPIRO, 
Ph.D. and JOHN HARRISOIN 
Gardening for the Future of 
the Earth 
Bantam Books/Random House, New 
York. 2000, 230 pp. Paper. $19.95 

Many excellent books have been written 
about organic gardening. must of them 
preseming a particular approach or outlook. 
Some are technical guides. some more 
philosophical, but rarely do they stray "outside 
of the box" of their perspective on the subject. 
Few gardeners hold to just one technique, 
however. We choose from methods and 
understandings that work for us and thm we 
like. In fifteen yeurs of learning about, 
practicing, and teaching organic gardening, I've 
explored diverse food-growing systems whii:h, 
despite their apparent disagreements. often tum 
out to be compatible and complementary. Most 
gnnleners, farmers, and apprentices I've 
worked with are, like me, far more interested in 
this kind of non-doctrinaire mixture than in any 

one gardening dogma. 
Of necessity, too, most gardening books are 

full of simplifications. A book could never 
capture the abundant complexity of a garden or 
of the gardener's world; every volume would 
require at least a dozen volumes of footnotes. 
Nor is iL in the interests of brevity for an author 
to explain that "while this book is about double
digging, the no-dig s..-:hool would be shocked at 
what we are advising you to do, and the 
pem1m:ulturalists would rather take a nap." At 
the same time, by their very focus on specific 
techniques and conditions, gardening books can 
also needlessly complicate the simple miracle 
that plants grow and thnl they feed us, almost 
despite our best effons at foi lure. 

Until I picked up Gardening for the Future 
of the Earth, I had accepted these limitations of 
the literature as necessary. But now I recognize 
that while many of the classics dealing with 
particular approaches to or aspects of organic 
gardening have already been wrillen-H,rn- to 

Grow More Vegetables. Seed w Seed, Start 
with tire Soil, Tile One-Straw Revo/111ion, 
Pennac11hure: A Desig11er's Manual, and 

others-vast areas explored by pioneering organic 
gardeners and farmers remain unchaned. 
Funhermore, the fertile ground where these 
techniques overlap and work in concen has been, 
until now. largely ignored. 

Garde11i11g for the Future of tilt Earth attempt; 
Lo tum (or not tum) new soil by presenting diver,e 
approaches, many of them innovative, in a way 
that suggests that they can be compatible and 
complementary rather than at odds with one 
another. No efforts are made to gloss over 
differences among the experts interviewed-and 
yet the insights and advice they give fonn a 
synthesis, since the same concerns for the health 
of the earth and of people motivate all of them. 

The gardeners profiled in this book have 
researched and developed approache., such a, 
permaculture, biointensive, biodynarnic, kinship 
gardening, perennial polycuhures, natural 
farming, and growing with biuregional and home-

• 

bred varieties. Bill Mollison, John Jeavons, Alan 
York, Alan Kapuler, Wes Jackson, Masanobu 
Fukuokn, and Carol Deppe (as well as the authors, 
who visited and interviewed them) all contribute' 
valuable, ex.perience-based wisdom to this wide
ranging exploration. With the exception of my 
own Beetle.r.r' Gardening Bonk, which treated 
these approaches in musical/poetic form, no 
previous book that I know of has brought together 
all of these perspectives in the same place. 

The book holds material not easily found 
elsewhere, including some of Mollison' s insights, 
Jeavons' recent conclusions about sustainable 
resource use in the garden, and a taste uf the 
genius of Alan Kapuler's perlipectives and work, 
which many have been privileged to learn from in 
person but which (like anything nonlinear or 
holistic) has always been difficult to capture in 
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print. Himself a fanncr on the leading edge of 
sustainable agriculture, Howard-Yana Shapiro 
(aided by co-author John Harrison) knows the 
questions ro ask, and draws out ~he best from thi, 
"gardening dream team." 

A rew prominent elemenL, of the new 
organic-gardening .,ynthe~is are missing from 
thb book, notably, vermiculture (systematic 
gardening with eanhwom,,), the use of rock dust 
for remineralizing soil. and moM fonns of season 
extension. 

While many beautiful color photos \llustrnte 
the different garden, and techniques described, 
the layout i; not alway, easy to follow. occasion
ally injecting large-font sidebars into the main 
text. A little le,, ",naz" in the design might 
make the hook ea sier to read. However, this is a 
minor complaint, 

Perhup, the greatest weakness of this book 
rcflecl'i a weakne,s in our society itself: six of 
the seven organic ,;heavy hitters" interviewed are 
!llen. These expert, have led the way in 
developing and populari7.1ng the techniques 
de~cribed here. but they are certainly not the 
only ones helping lo define new directions in 
gardening. While 111any men have distinguished 
themselve, as technical innovators, women have 
done equally valuable work, and have also been 
leaders in the social and political real ms. 
Catherine Sneed's Garden Project in San 
Francisco's prisons isju,t one example of many 
in which women, especially, are working with 
di;advantaged and oppressed populations and 
with youth, to empower them toward more 
hopeful. organic future;. Vandana Shiva has 

" brought to light cross-cultural and political issues 
in agriculture that most multinational corpora
tions and governments (not coincidentally, male
dominated institutions) have tried to hide. And 
worldwide. the majority of agricultural work is 
done by women, and always has bee!!, 

Compiling eco-horticultura! advice from a 
female organic gardening "dream team'' would 
require a little more initial research. but given 
the vast numbers of women involved in 
gardening edu.cation, in the Community 
Supported Agriculture movement, and in other 
old and new gardening traditions, such a book 
should be just as easy to complete as this first 
one. A worthy companion volume to Garde11i11g 
for the Future of the Eart/1, it would help set us 
on the path to social, cultural, and political 
sustainability, as well as technical sustainability, 
and would broaden the holistic discussion 
initiated here in essential ways. 

Gardening for the Future of rhe Earth is a 
welcome start to a new genre of gardening 
literature. most still waiting to be written, about 
what our gardens actually look like as we 
consider the needs of the next seven (seventy, 
seven-hundred ... ) generations, and of the 
planet which sustains us. ti 



Casting a Wide Net 
Review by Peter Bane 

CRAIG R. ELEVITCH & KIM 
M. WILKINSON, editors 
Agroforestry Guides for 
Pacific Islands 
Permanent Agriculture Resources. 
Holualoa, HI, 2000. 

239 pp. Paper, illus. $24.95 

Eleven years ago Jnnunry, Craig E\evitch 
and 1 set out tugether from Kona for the 

Buddhist monnstery at Wood Valley on the 

island of H,iwaii to take a Permm:ulture 
Design course. Though our paths have 

diverged geographically. I'm pleased tu 
report that he has been carrying a prominent 

torch for the Permaculture movement. Thi~ 

book. co-edited with his pnrtner Kim 
Wilkinson, is fruit of a decade's dedication 

to perm:inent agricu\iure and ecological 

design in the Pt1cific. The groundwork for it 
began with site designs on the Konu coast 

and has grown to include a nursery and seed 
house for Hawaiian native plants and 

nitrogc11-fixing species. school programs for 
children, a on-line newsleller. Thr O\'c'r
story. and obviously a grent deal more. 

This hantlsmnely covered large-format 
(quarto) volume is a compilation of eight 

guides published separately on the Internet 
<www.agroforestry.net>. The project was 

partially funded by the Western Region of 
the Sustainable Agriculture Research and 

Education progrnm {SARE) of USDA. This 
is clearly a righteous use of public money. 

Informed throughout by ethics of Earth 
care and people care. and by permaculture 

design insight, Ap,rofnrestry Guides is an 

impressive integrntion of material druwn 
from a wide universe. The extensive 

bibliographies and resource lists along with. 

copious reference citations from regional 
and international work display the editors' 

thorough scholarship and meticulous 

anent ion to detail. Each of the eight guides 
is preceded by an abstract, a list of key

word.~. and a table of contents, making the 
material accessible and easily referenced. 

The first chapter, on i nforma1ion re

sources. opens with an introduction to 

agroforestry in the Pacific. This is followed 
by a I isting of organizations. titles, access to 

species, sources of books, periodic.tis, web 
links, and local resources-over a hundred 
references in sum. 

The second guide is a large chapter 

indexing more than 130 multipurpose trees 
for Pacific agroforestry. The species are 

cross-referenced by common and Latin 

names. uses. products, characteristics and 
rolernnces. origins and present ranges within 

the Pacific Islands. This guide was co
authored by the editors and Dr. Randolf R. 

Tham,m. Profeswr of Pacific Island 

Biogeography at the University of the South 
Pacific. Suva. Fiji. Thaman also contributes 
to a chapter ,;n Timber Species Selection. 

Subseque111 chapters introduce Non

Timber F,ircst Product~-an important 

strategy for introducing econom_ic livelihood 
to the sustainable management of existing 

forests; discuss Integrating Understory 
Crops with Tree Crops-

an ecological design 

index and a species index. 

A small critici:,m of the format would be 
that in assembling !he :,epar.itely written 

Guides into a single volume. the editors 

have not spared the n~ader a fair bit of 
repetition of such basic material as credits 

to SARE. author biographies. and cross 
citations among the Guides themselves. 

Clear and graceful illustrations by Christi 

Sobel, wide margin~. and thoughtful typeset
ting make this information-dense volume easy 

to look at and tu use. Sobel b credited (with 
Eievitch and WilJ...in~on) a~ a co-author on most 

of the guide~: she has contributed more than 
100 figures to the text. 

This book fee Is to be a pioneering effort, 

even though it clearly stands on the shoulders 
of an extensil'e literature and widespread 

academic. profe~sional. and folk background of 

practice. By assembling in a modestly priced 
volume high-quality accc~s to nearly all the 

primary resources in Pacific ngroforestry, the 
editors have done a consitlernblc service to all 

landscape designers, English-speaking fanners, 
foresters. and agrii:ulturnl extension agents · 

with an interest in the region. Because t~e 
Pacific Islands and their biota have been 

influented by imperial colonizers for some 200 

years and thus share species with other former 
colonies. the in formation presented, even as to 

species. is to a high degree transferrnble to 
other tropical and subtropical areas. 

The editors are to be commended for a 
significant contribution 10 public education, for 

advancing the cause of integrated agriculture 
and forestry. for creating a resource of lasting 

value. and for doing so in a manner which is so 
clearly pleasing, transparent, and respectful of 
the needs and work of countless colleagues and 
predecessors in the art. I'!. 

primer; Integrating Trees 

into Pacific Island Farm 

Systems-an introduction 

to transitional strategies: 

- Interested in Self-Reliant 
Intentional Communities? 

Choosing Tiihber Species 
for Pacific island 

Agmforestry-a basic 

approach to multipurpose 
afforestation; Economics 

of Farm Forestry

including methods for 
financial evaluation of A

F invesunents; and Design 

and Species for 
MultiPurpose Wind

breaks-an explication of 

one of the most widely 
applicable agroforestry 
methods. The book 

concludes with a general 

Joys and challenges of self-reliant 
community: ccovillage design, 

decision making, conflict resolution• 

children in community, 

scarring new communities, 

communiries seeking members, 

and much more! 

• 
Single issue, $6. Quarterly, 

$20 year. Commtmitir1, 

138-PA Twin Oaks Road, Louisa VA 

23093; 800--462-8240 

EARTHW0RKS & ENERGY• NOVEMBER 2000 51 



Semi-Wild Food 
Review by Toby Hemenway 

ROBERT K. HENDERSON 
11ie Neighborhood Forager: A 
Guide for the Wild Food 
Gourmet 
Chelsea Green, White River Junction, VT. 
2000. 226 pp, illus. $24.95. 

Beginning with Euell Gibbons and Stalki11g 
the Wild Asparagus, a thin but steady parade of 
books on scrounging food from the woods has 
appeared. Wild-food enthusiast~ have usually 
been lumped into the same category of eccen
trics as mushroom collectors and hunters who 
load their own ammunition: somewhat cranky, 
harmless folk who confine their ;trange habits to 
places far from where most people live. 

With The Neighborhood Forager, ,uburbia is 
no longer safe. Robert K. Henderson - and a lot 
of pennaculturists-have realized that the 
botanical biodiversity of settled areas is often far 
greater than the surrounding countryside'. With 
the current interest in native plants, the average 
neighborhood often contains not only a fair 
sampling of the indigenous flora, but several 
hundred erntic species as well. Many of these 
are edible or have other human uses. 

The Neighborhood Forager show us how to 
explore our urban or suburban surroundings with 
an view toward edibles, native or exotic. Most 
people don't view their neighborhood as a 
source of food, or of any resource, and 
Henderson attempts here to pry our eyes open. 

The book begins with a history of food 
foraging, pointing out that past foragers often 
inadvertently assumed the role of tribal scouts. 
The author, too, acquired that role, as his 
landlord and neighbors realized that his harmless 
nosing about served to keep an eye on the 
neighborhood, alerting him to suspicious goings
on. A nice side-benefit of urban foraging. 

After a look at the tools of the suburban
forage trade, Henderson reviews the pros and 
cons of neighborhood food gleaning. He urges 
us fo broaden our palate beyond the often insipid 
greens and fruits of the supermarket and learn to 
appreciate the tang and bitterness of wild food. A 
section on trail savvy-not the backwoods 

variety-briefs us on how to re ad a street for 
good pickings. Older neighborhoods often have 
higher biodiversity, larger yards, and more open, 
public space, all good signs for the forager. He 
offers a caveat about pesticides, not usually a 
worry out in the woods. And he writes of well
meaning passers-by who, seeing him picking 
row an berries or other unusual fruit, shriek with 
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alarm, "Don't eat those! They're poisonous-the 
birds aren't eating them." He, of course, 
continues picking, and later the birds descend to 
gorge on what" s left. 

Common sense and courtesy should guide the 
neighborhood forager. Always-well, whenever 
practicable-a~k before entering someone's yard 
to pick. Usually this politeness is rewarded. I've 
observed that, since the average interval between 
moving house in America is seven years, a 
mature fruit tree in a yard means the person who 
planted it has long moved away. The current 
resident is often grateful for ~omeone to remove 
the "messy, pavement staining" fruit. Regular 
gleaning may show the owner the value of their 
treasure, and forestall a visit from the arborist to 
remove what is too often deemed a nuisance. 

Henderson begins the meat-more accurately 
the fruit, nut, or green-of the bonk with u tough 
sell. He has chosen to offer up conifers in the 
first chapter on specific food-plants: pi nc nuts, 
spruce beer, and other uncommon, often 
resinous foods. It may have been less shocking 
to introduce novice foragers to more familiar 
crops, as pine nut~ are tedious to harvest and 
turpentine is an acquired taste. 

The book moves next into the broad leaf tree, 
and all their diverse bounty. I learned thatju,t
opened Japanese maple leaves are a treat, and 
next spring I'll add them to salads or float them 
on soup. Teas can be made or supplemented with 
twigs from birch or bark from willow. Ginkgo 
nuts, if you can ignore the vomit-like smell that 
nicknames them "stinko nuts," are a delicacy. 

A chapter on flower for.i.ging is next, 
including calendula, California poppy, primroses 
(both Oenothem and Primula, though the two 
are unfortunately confused in a drawing}, and 
about ten others. This chapter seemed too brief, 
a~ dozens of common edible flowers exist. I 

think Henderson wanted to introduce his subject 
gently. assuming his audience were relative 
novices, I've seen many people extract nastur
tiuins or other flowers from a salad, tossing them 
away with a grimace as though they had 
narro\vly avoided being poisoned. Perhaps 
edible flowers are on the far gustator)' frontier 
for most people. 

Ne:st he covers hedge plants and ornamentals, 
those shrubby (and for the pennacullurist, often 
ho-hum) stalwarts of suburbia. Again the list is 
short, about a dozen species, but the range
arbutus, bamboo, rose, sumac, viburnum-is 
bro.id and should hint to new foragers that a 
wealth of edibles crupets the cities. 

The final chapter (and perhaps the one I 
would have put first. for its familiarity) describes 
edible greens and ruots of the urban landscape. 
Here are amaranth, goosefoot. mustards, 
chicory, dandelion, and the rest of the often 
unwelcome inhabitants of the lawn. Not only 
does labeling the,e u~eful, long-time compan
ions of human , as weed~ promote the use of 
pesticide~. ii encourage~ a battlefield mentali1y 
in the garden, and we could do without both. 
Henderson's effort., to remove the stigma from 
the~e helpful specie s are wekume. 

Each chapter contains a brief introduction to 
the type of plants covered, descriptions of the 
specie~ and how 10 harvest them, and a section 
of recipes: Mulberry pudding, daylily 
hushpuppies, elderflower champagne, rhubarb 
sauce, and more. Sidebars describe other uses, 
and a speci,d set of dyer's notes in each chapter 
tel Is how tu use the plants fnr coloring. A table 
at the book's end lists each ~pecies and its 
v:irious mes. Thi~ fo!Tilat provides a thorough, 
hands-on introduction to the offerings of our 
yards and parks. 

Some of the species are illustrated with 
simple. clear drawings by Elayne Sears, but 
most are shown using blacJ..-and-whi1e 
photograph~ that make idcntificntion di fficu It . 
My preference has always been to illustrate 
plants with drawings. unless first-rate color 
photographs are available. Even then, drawings 
can deliberate) y emphasize J..ey features that 
are often obsrnre in the best color photos. 
Black-and white photos, though perhaps less 
expensive to acquire and publi.~h than draw
ings, rarely provide the detai I and contrast that 
makes identification certain. 

That quibble aside, TIie Neighborhood 
forager fills a gap between the Euell Gibbons 
school and kitchen gardeners by showing what 
abundance lies in the yards, parks, and vacant 
lots of our cities and towns. It is part of the 
growing trend toward looking nearer to our 
·homes for our needs a11d providing those needs 
ourselves, rather than remaining passive, clueless 
consumers who accept whatever is pushed down 
our maws. ~ 



• • • from the Regions 
Becontree Organic Growers Promotes Pennaculture in U.K. 

Betontree Organic Grower., (8.O.G.) was 
formed in 1994 with a principal objective to 
promote organic method, of working with the 
~oil and with plant~ and animals. t\, well as to 
educate people about thc,c practice~, believing 
them to be beneficial to human health and 
eHvironmental prcserva1ion. Up to the end of 
the millennium the community group t)perated 
informally. but plans .ire underway to apply for 
clrnri tilble ;,talu, and lo e,tab lish a cooperative 
trading arm. 

There ha, heen a settlement on the B.O.G. 
Ea,t London site si nee 1 I I O An. Evidence 
exisc, of a thatched Tudor dwelling nnd n 
pigeon loft/look-out tower. Among the weed, 
are the rcnmins of a ch11rch that was bombed in 
the Sernml World War. In 1969 the site. which 
was dcre lict. was taken over hy Sid t\fann. a 
keen gardener. He sowed the seeds of B.O.G. 

The surrounding men by low income nnd has 
wme of the most deprived housing in the UK. 
:1 situation worsene<l by the loss of 3.000 jub~ 
u\ the local Ford Motor Company plant. The 
area ht1s ulso been identi lied as i1 "food de.,er1:· 
with few or no shops selling affordable fresh 
produce. Given the poor health of the !ucal 
populntion and the environment. it is sign i fi. 
cant that B.O.G. is working to make the land 
fruitful again for both people and wildlife. A 
recent survc y of the small patch, bordered on 
one side by a milway line nnd on another by 
apartments. produced some .~urprising results: 
17 species of birds. seven species of buttertl ies. 
com 1110n lizards. foxes. toads. and newts, ns 
well as numerous kinds of plants. including 
hedge garlic. celandine. and bluebells. 

The site looks like many varnnt lots and 
could be wrilten off very easily. What makes it 
remarkable is that the local community, most 
espedally Barry Watson and a tenm of 
volunteers, has taken the trouble to unearth its 
polenti:1\. They are determined to see ii 
transformed through a combination of . 
imaginntion. innovation, .ind improvization. 

Some of their ideas include: a peace garden: 
a Millenium Gate and a buried time capsule; n 
fllresl garden which will enable people from 
the surrounding area to supply their own 
community gardem. with locally-grown stock 
(trees of local provemrnce); an edible maze 
constructed from soft-fruit bushes; a "grape 
dragon" sculpture planted with asparagus and 
wild strawberry; an apiary complete with low
cnst. low-tech beehives made from straw and 
plaster; creation of new habitats for wildlife 
(by erecting bird--boxes. constructing wood 

piles and a pond. and then introducing native 
plants): collection of water from the roofs of 
neighboring buldings and a newly in~talled 
well: solar power generation; supply of fresh 
organic produce to restaur,mts in London, as 
well as lo local residents by means of a '"veggie 
box" scheme: .i mechanical composting system 
that can be operated by one peVi,in but can 
manage large amo,unts of compost; investiga
tion of the site's history with the help of 
geophysics equipment and expertise from the 
Museum of London; and fu11her educational 
initiatives such .is the cultivation of crops eaten 
in Saxon. Roman, and Viking times. Hand
crafted replica clay pols and iron vessels will 
be used to cook the food over fires fuel led by 
1 ocally produced charcoal. 

"The area has now been 
identified as a 'food 

desert,' with few or no 
shops selling. affordable 

fresh produce." 

These ideas arc unlikely to rnrne to fruition 
quic\..ly. or even e,1sily. partly bec.iuse the help 
enlisted is largely voluntary and cannot be 
demanded. only requested. Anoth;r reason is 
the group's emphasis 11n cnsuri ng that they 
leave something valuable tu future generations. 
So geophysics rather than digs will be used to 
explore the site· s archaeology si nee exca \'at ion 
might expose any remains to dmnage and 
possibly lead to their removal. In fact, eve_n 
digging lm the site is out: The Growers prefer 
to use alternafi ve methods that protect human 
health and the health of the soi I. 

Becontree Org,mic Growers have developed 
extensive networks within the region and 
beyond. enabling them tli extend the effective
ness of their work and t<.1 gain support for their 
permaculture-based programs. Asked how they 
manage to network so widely, the response is 
simple: .~1nile, write. phone. welcome visitors, 
join organizations, rt:!ad, pass on det.ii Is to 
others. Every opportunity is exploited: the 
Internet, the printed word, and visits to other 
projects. 

Applying pernwcu!ture principles is a 
defining features of the group. In Barry 
Watson·s words, this means they "make do and 
mend.'" Help in kind is as important as hnrd 

cash, perhaps even more so. The work has 
never stopped just becnuse money is not 
forthcoming and there have been plenty of 
people who have been willing tn support the 
project with in-kind donations. Using cast-off 
rubber ma1:ing, it has been po,sible to luy paihs 
and to con~truct compost bins at a fraction of 
the usual cost. The forest garden idea has 
progressed thanks w a dona ti on of. more than -
160 trees from collections made by Buster 
Smith. an arborkuhuralist in Tower Hamlets, 
and Robin Pawsett, a local tree surgeon who is 
now the project's green furniture expert. The_re 
are even plans to make the Becontree si1e a 
regional center of "Plants for a Future." 

Any staff employed by B.O.G. in the future 
will be receiving training in penrn1culture so 
that they can then teach members of the public 
who ultend introductory courses. Burry Watson 
has ,ii ready led one weekend workshop, giving 
18 people the chance to learn the practicalities 
of permaculture. A workshop on tree grating in 
community orchard, has also been planned. 
with funding from the Federation of City 
Farms and Community Gardens. ano further 
opportunitie~ will be made available when 
conference facilities arc in place. In the 
meantime, the number of undergraduates who 
have studied at the site concinues to grow. 

Visitors from overseas tum up on occasion 
too. most recently a group from Hirnshima in 
Japan, an academic from Amsterdam ~nd a 
permaculture enthusiast from Chile. The 
project is al ways open to adopting techniques 
that have proved successful elsewhere, such as 
a well-drilling method used by the Amish 
community in North America. Thi.~·,md the 
twinning initiative with City Seeds in 
Asheville. North Carolina. ha~ strengthened 
B.O.G. 's links with the USA. The French 
connectiun is als,1 going strong: Barry Watson 
hopes to visit a community in France which has 
given him the design specification for making 
beehives from plaster and straw. What he 
learns there will feed into workshops given free 
to community group~ in the UK. 

The activists at Bt!contree Organic Growers 
are providing a role model for other groups to 
follow. It has not been easy. There has been a 
long-running dispute with Barking and 
Dagenham Counci 1 over how the site may he· 
used, although this is due to be resolved in 
2000 with the signing of an ownership lease. 
Disagreements have also :irisen with some 
neighboring nllotmem holders keener to use 
chemicals to control weeds and "pests." The 
important thing, says Barry Watson. is not to 
be daunted; seek the help and support of 
members, patrons, and professional and 
knowledgeable people; and be patient. 

Contact Becontree Organic Growers, Three: 
Trees, 44, Gale Street. Dagenham. Essex, RM9 
4NH, UK. Phone 010-8592-8941 A. 
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Breeds of Domestic Waterfowl Are Endangered 
Marjorie Bender 

Six breeds of domestic ducks and four 
breeds of domestic geese c:i.ist in .,uch low 
numbers as to be considered critically 
endangered, according to a report of 
research on domestic watrrfowl conducted 
by the American Live,tod. Breeds Con,er
vancy (ALBC). An additional 13 breeds are 
below levels considered healthy and secure. 
Only one breed of duel,, and unc breed of 
goose have secure futLJre,. 

The Pekin duel,, and Embden g[Jo,e have 
healthy populatiOJn, becau,c the~ are widely 
used for commercial prr,duu1on. Change, in 
farms, farming prac!lc.c: , .• ,ml con,umer 
tastes have cau~cd other hrccd, tn fall on 

hard times. The Chine,e gr,o,e. for 
example wa, once widel;, u,ed to manage 
weeds in orchard, heforc th<.: a(h ent of 
herbicides. The Ca111phcll <lU(;I,, I\,; prolific 
egg producer, laying more th.in 300 eggs 
annually, a number that compete\ w1ch the 
laying capacity of the White Leghorn 
chicken. Additionally. tlw multifunctional 
Campbell actively ~eel,,., IL, own food. 
helping to keep grub, anll i 11,ect, i 11 check. 
Three breed, that ;ire nati ,·e to the United · 
States are critically endangered: There are 
only 395 American Buff gec .,c, 664 Pilgrim 
geese, and 1013 Cayuga duck .,. 

Fifty-five hatcheries participated in the 

,un ey. Twenty-three hred all of their own 
stock. ··The hatcheries that maintain 
breeding ,loci,, supply stock to other 
hatcherie, 1or res~le in addition to selling to 
their own cu<,10111ers," says Program 
Coordinutor r.-farjorie Bender, who con
ducted the re,earch. "That's not bad, 1m th<' 
surface. But \\e learned that one hntchery 
supplic~ .,tock for half nf the hatcheries.1hat 
resell. That means there may be less genetic 
di versily than one might think. Genetic 
diversity within the breed is essential for 
maintaining it- health and productivity uv.-r 

time:: 

Tlie endangered Amaica11 buff g1111.1·e. 

"Farm animals me a unique co1nponent of 
the earth's genetic diversity," says Don 
Bixby. ALBC's Executive Director. 
"However. bcc.wse they are common they 
are overlooked in fa1•or of exotic wild 
animals. \Vhcn a rare breed of duck 
becomes extinct, its genetics. und all that 
makes it unique among ducks, are lost 
forever." According.to ALBC. most of the 
relatives nf farm animals are extinct. Rare 
livestock breeds are therefore the only links 
back to their h istnric m1cestors. 

"Everyone can help conserve rare 
breeds," says Bender. Consumers are 
encournged tn pun:hase duck and goose 
from local producer~. A LBC is developing 
hreed infornrntion that is avai lahle at nn 
charge for those interested in raising 
waterfowl. Experienced breeders are 
encouraged to establish flock,. or the rare 
bn•eds tn i ncrea,c their populations. More 
information about waterfowl. and other rare 
br<.:eds of livestock, c.an he found on the 
ALBC web ~itc, www.albc-usa.org. 

The Amcrit.:un Li v..:~tock Breeds Cnnscr
vancy conduct~ research on breed popula
tion, and charucteri~tic~. provide~ technical 
,upport for con~ervalion breeding, and 
educates the pub I ic and policy makers about 
the import ancc nf nire breed conservation. 

For more information contact: ALBC. PO 
Box 477, Pill~boro, NC 27312, (919) 542-
5704; albc@alhc-usa.org. I',, 

New Web Site Connects People and Food Online and Offline Plants For a Future Now 
Has a Future 

There's a new way to find fresh, locally
grown foods in neighborhoods throughout the 
United States. 

Hungry web-surfer~ can now Ing on to 

find fresh produce sold directly by farmers. 
Thi, web-based resource provides n 
comprehensive directory of the increasing 
number of farmers selling through farmers· 
m~;kets, farm stands, U-pick farms and 
Community Supported Agriculture (CSA) 
programs. 

LocalHarvest.org meets increasing 
consumer demand for fresh food. The 
average "fresh" produce in a grocery store is 
7 to 14 days old and has traveled approxi
mately 1,400 miles to get there. Increasing 
public concern about the environmental 
impact of long-haul transportation and 
consumer desire for a healthy lifestyle point 
to an increasing dissatisfaction with the 
current food delivery system. Many have 
started to change their shopping h:ibits by 
supporting farmers' markets and CS As. 

"Through LocalHarvcst.org. consumers 
find ways lo make personal connections 
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with farmers, enjoy 'fresh from the vine' 
foods,-and support the local economy," 
stated Erin Barnett. project coordinator for 
Local Hnrvest. 

In the past decade, America has experi- · 
enced a rapid growth in the number of 
formers markets and CSAs, although there 
has not been an ensy wny for interested 
individuals ·to find them. According tu 
Secretary of Agriculture Dan Glickman. the 
USDA tracks over 2,500 farmers' markets 

across the country. 
Loca)Harvcsl.org utilizes a sophisticated 

mapping service customized to al low 
customers to "point and click" anywhere in 
the United States and get an interactive 
picture of where direct marketing farms an: 
located. Ocean Group owns projects, such 
as LocalHarvest.org, that reflect the 
company's values, but are not-for-profit 
ventures. The company can be found on the 
web at www .oce:ingroup.com. For more 
information on LocalHarvest.urg or Ocean 
Group contact: Erin Barnett at (831) 466-
0700, or erinb@oceangroup.com t,. 

After three years of fighting the local 
council. Plants for a Future. the highly 
regarded British resource center for rare and 
unusual plants with edible, medicinal or other 
uses, rinally received planning permission for 
the building of ,1 major plant research and 
visitor center at their 36-acre site in Cornwall, 
Britain. The original ,1pplicatiDn was rejected 
by the local district cnuncil but an appeal was 

upheld. 
The planned facility will carry out resemch 

inhi potentially useful plants and investigate 
altcrnati ves to mom1cultural growing tech
niques, such ns woodland gaidens, 
permaculture, and the use of perennial plants. 

· Work has already started on the demonstration 
garden, and on building up the range of plants 
for sale in their shop and catalog . It is hoped 
rhe land will eventually become the site of an 
ecovillage with sustainably designed housing. 
Financial assistance is desperntely needed to 
pay off lonns. 

Contact PFAF at The Field, Penpol. 
Lostwithiel, Cornwall, PL'.!20NG. U.K. 
www.pfaf.org fl 



••• from the Regions (continued) 

The Carbohydrate Economy Bulletin 
The C;irbohydrate Economy Bulletin reports 011 the growth of a new 

induwy ba\ed on plant-matter derived industrial products. :md on the 
growth of former-owned manufacturing enterprises. The bulletin 
contains news on new technologie;,, policies, products and businesses 
involved in this rapidly emerging indus1rit1l sector. 

For more in-depth coverage, sub~cribe 10 the Carbohydrate Economy 
new~letter by emailing kmullen@ilsr.mg For more infonnation on the 
carbohydratt: economy. including access to our database of over 200 
plant matter-based product manufacturers. news he;:idlines. reports and 
events. \'isit the Carbohydrate Economy Clt:aringhouse web site at http:// 
www.carbohydrateeconomy.org 

This bulletin is publn,hed by the Institute for Local Self-Reliance. a 
25-year-old nonprofit re.,earch and educational organization that 
promote., eumomic development that minimizes environmentlll danwgc 
and maximizes the benefit to the ho~t communi!.Y· A 

Warning on Petroleum Supply 
The e11vironmen1al movement's veteran oil analyst. Jun Lundberg. 

responded to the government's release of crude oil frum the Strategic 
Petroleum Reserve, saying "Ir's not a solution. Many citizens who know 
what cheap oil has done to the planet are deeply disappointed. The North 
Pole has melted. The government has a responsibility to strive for energy 
conservation as never before." His nonprofit institute. Fossil Fuels 
Policy Action, also issued a warning on today's rate of oil consump1ion. 

Thirty million barrels from the SPR represents just under two days of 
oil-guzzling in the United States:· said Lundberg. president of the institute. 
Geologists· recent estimates that world oil production is peaking me.ins 
that the downslope in·:nlves difficult tn extract. incrensingly costly crude. 
of lower quality. Fossil Fuels Poley Action has answers to the coming 
crum:h: a paving moratorium; increasing rail transit. bicycling. and 
depaving. Two additional pntjects in Lhe Pacific Northwest are pedal
powered pmdu1;e delivery. and a Sail Transpor1 Network. However. 
Lundberg warns 1hat "The implication for today's massive petroleum 
dependence is beyond transponmion nnd heating hon1es: we have food
s~pp!y vulnerability. The U.S. loses up to 3 million acres of land per year 
to sprawl and petrochemical-oriented agriculture:· More stutistics that may 
assist in understanding today's system: 
-\.Vhen the real costs of oil including .. externalities" are factored into a 
gallon of gasoline, the price can exceed $15 per gallon. Subsidieii for oil 
and driving mask the actual cost. 
-More than 12 million Americans begin their commute tn work before 
dawn. ns time in the car increases. 
-U.S. crushes and car fumes kill over 100.000 tmnually. 
For more background; see http://www.!esscars.l)rg which contains an 
Auto-Free Times editorial on uil prices/supply. a Pledge for the Climate. 
and solutions to petroleum dependence. /t,. 

Rio Grande Permaculture Project 
The Trinidad Project is a project in Texas, New Mexico, and Colorado 

to demonstrate a sus1;1inable pennaculture community building project 
using simple traditional methods. Based on Native Ami::rican ei.tended 
families in rural areas, it proposes earth domes, permaculture gardens, 
self-contni ned water systems und recycling as a rational ulternati ve to 
consumerist models. They are seeking in-kind and funding suppon. 
Please forward foundation request-for-proposals, in-kind commitments. 
or contributions to Trinidad Project. 7600 Franklin Dr., El Paso, TX 
799 15. E-mail: hardlash@aol.com 6 

1Movement Musings 
Credit Union Opens 

The Permaculture Credit Union is a reulily. A new kind uf environ
mentally responsive financial institution has been created. chartered, 
imured. and opened on August 15. 2000. The Pennaculture Credit Union 
is the first new credit union to be created in New Mexico in thirty years 
and is possibly the first credit union to be founded upon the Earth Care 
prinC'i pies of Pennaculture ethics. For the past three years the 
Permaculture Institute and numerous volunteers have heen involved in 
establishing the Permaculture Credit Union. If anyone would like further 
infm111ution. they can register on-line at <http://www.pcuonline.org/> 
email them at perma@pcunnline.org or mail them at Permaculture Credit 
Union. 4250 Cerrillos Road. Santa Fe. NM 87505. or phone 505-954-
3479. Include a mailing address. and they will send an information 
~~t. 6 

New TRIP Is Ready 
The eighth volume of The Resources of International Permaculture 

has been published by Yankee Permaculture. TRIP li<;ts about 2.000 
organizations and publications thal are allied with pennarnlture. The 
listings of these groups are organiled in three ways. so they cun be 
looked up by localion, by name or by what the group does. TRIP is abo 
avai l:1ble on disk. The disk version includes a keyword fie!<l that allows 
exceedingly specific searches. For more information, contact Yankee 
Perm;:iculture at YankeePenn@aol.com /t,. 

Plans for IPC7 Continue 
A web-based discussion grt)Up to plan for International Pcrmaculture 

Conference 7 has been formed. and cart be subscribed to at http :ff 
www.egroups.com/group/lPC7. The conference is tentatively scheduled 
for March, 2002 at Raglan. New Zealand. Anyone interested in helping 
build support for this event is invited to subscribe. Pl ans are also afoot to 
co\labora'tively construct a web page for the event. For more informa-
tion, email IPC7@egroups.com ·~---- t,. 

Australian Newsletter Launched 
Permaculture Association South Australia has launched a new 

photocopied. quar1erly magazine. According to Australian pemmculture 
teacher Ian Lillington, the new magazine" ... is somewhat like the 
Permaculture Edge of the early 1990s." 

Pl'!mamlwre Edge was one of the first pemiuculture magazines. 
begun in the 1980s by the NUJTibour, Queensland, Australia permaculture 
group. It !ater migrated to Western Australia. Its final edition was in 
1996. The Edge had a reputntion for technical and full-length stories of 
interest to practicing permaculturists. 

Currently called PASA Newsletter (though it may receive a more 
sprightly name in the future). the publication is 24 A4 pages, b!ack-a.nd
white photocopied with some photos. Lillington says that if they gain 
advenisen. ;ind subscribers it may get more glossy. Contents in the first 
issue include ar1icles on food co-ops, community gardens in South 
Aus_tralia. holistic management, aspects of permaculture philosophy. 
bioregions, and the coming oil crisis. 

To receive the newsletter, North American readers should send $SUS 
per copy to cover photocopying and postage (airmail), or $20 for 4 
issues to: Ian Lillington and Jo Middleton, Living Permacu!ture. 
Willunga Garden Village, 19 Kookaburra Court, Wi!lunga, SA SI 72 
Australia. We wish them luck in this new endeavor. 6. 
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EVENTS 
Ecological Building 
Tlaxco, Mexico 

Dates: No\'. 25-Dec. 8. WOO 
Location: Tlax<:o, Mexico 

Description: A 14-day study tour and 

intensive rnurse to ex pl ore principles of 
ecology, natural resources, local materials, and 

skills, and how they create nn architecture. 

Panicipants will learn building skills, an<l will 
cover recent developments in con. ~trawbale, 

adobe, rammed earth, and bamboo. Knowledge 

of Spanish is valuable but not essential, as 

course will be translated. 

Instructors: Alejandro Caballero, Paco 
Gomez. and !unto Ev.ins 

Cost: $1200 
Contact: lantn Evan,/Zopilote 

PO Box 123 
Cottage Grove, OR 97424 

541-942-2005 

Permaculture Design Course 
Ojai, California 

Dates: December 1-15, 2000 
Location: Ojai, California 

Description: A 2-week intensive course in 

sustainable systems that will focus on the 

practical design and hands-on implen:ientution 
of restorative systems. Includes solut10ns for 
water storage, site planning and de~ign, 

aquaculture, edihle landscaping, urban. 
planning and more, Fee includes tcnt-v1!lage 

housing and meals. Work trades and ~cholar

ships available. 

Instructors: Penny Livingston, Brock 
Dolman, and guests 

Cost: $995 
Contact: Gigi Coyle 

760-938- 1177. 

Sustainability & Pennaculture 
Mexico 

Dates: December 4 - 9. 2000 
Location: CEDESA, Dolores Hidalgo, 

Guanajuatn, Mexico 

Description: For people interested in 
working in communities to help groups develop 

their own concept of su;tainabil ity and vision of 

the future, and to develop the design and action 
plan necesary to achei ve those goals. 

Instructors: Skye and lvone Riquelme (in 

spanish only) 
Cost: $2)0US 

Contact: Skye (skye@tonuga.com). or 

Gina Bisaillon 
(palodu1z@mpsnet.corn.mx) 
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/Olli Ammal 

Permaculture Design Course 
Western Oregon 

Dates: December 3- 16, 2000 

Location: Dexter. OR 
Description: This i mensi ve certification 

course, covering both the theory and practice of 
permaculture, will create nn in-depth learning 

situation to allow participant!, to achieve a 
working knowledge of permaculture de~ign 

and implementation. The cour~e will include 
hands-on projeo.:t,, lecture,, di,cu~~ions, slide 

shows, field 1ri ps and de,ign project~. Topics 

will include perrnacullUre philo,ophy and 
methodology; observation ,kills and site 

analysi,; mltural cycle~ and panem rec_ogni1ion: 
ponds, swale~ and keylinc systems; ,01I 
building: uni mah; edible lnnd~caping; 

agrnforestry; urban perinaculture and village 
design; community economic~; and more. 

Instructors: Jude Hobbs, Rick Valley, 
Tnby Hemenw,1y, and guesb. 

Cost: Sliding scale $900-1100, 
includes 1uitio11, meals, shared donn rooms, 

and a subscription to Pemwc11/ture Activist. 
Limited work trndcs nvailable. 

Contact: Lost Valley Educational Ctr. 
81868 Lost Valley Lane, 

Dexter, OR 97431. 
541-937-3351. 
info@lostval ley .org 

www.lostvulley.org 

Permaculture Design Course 
Big Island, Hawaii 

Dates: January 8-29, 2001 
Location: Makapala, HI 

Description: A three-week certification 
intensive in ~ustainable-system design and 

establishment. This course will be distin
guished by its extensive hands-on projects, 

including instal I at ion of a roof-water cutchrnent 
system with aquaculture tank, garden pond and 

solar-powered irrigation; a nursery shade house 
of natural materials, a fruit forest windbreak, as 

well as the study and planting of hundreds of 
useful plants. The site is on 80 acres of lush 

subtropical land with archaeological artifacts. 

rock swimming pools, and an ocean view. 
Instructors: Bruce Hill, Douglas Bullock, 

Michael Pilarski, Sam 
Bullock, Lohn Valenzuela, 

and Lonnie Gamble. 

Cost: $1450 
Contact: Annmarie Banchy 

808-963-6664 or 

Douglas Bullock 
360-376-660 ! 

http://www.permacultureportal.com 

21st Annual 

Eco-Farm Conference 
Pacific Grove, California 

Dates: January 24-27, 2001 

Location: Pacific Grove, CA 
Description: This annual four-day forum i, 

the world's foremost sustainable agriculture 
conference, feturing prominent keynote 

spc.ikers and more than 50 workshops on the 
.latest advances in agricullural production, 

marketing, research, and impo1tant issues. 

Exchange vital information with people from 
around the world at historic Asilomar on 

California's Monterey coast. 

Contact: EF A 
406 Mui n St.. Suite 3 13 
Watsonville, CA 95076 

831-73-2111 

www.ecn-farm.org 

Permaculture for Women 
Western Oregon 

Dates: February 9- l l. 2001 
Location: Lust Valley Educational Ctr. 

Description: This workshop will crei1tc a 
comfortable, supportive environment for 

women to learn pem1aculture principles, 
strategies, nm! basic techniques. By cnnsider, 

ing the 'whole picture' the workshop will 
concentrate on practical examples of how lll 

evolve efficient, bountiful, and beautiful 

environments. 
Instructor: Jude Hobbs 

Cost: Sliding scale: $200-$250 

Contact: Jude Hobbs I! 61 Lincoln St. 

Eugene, OR 97401 
541-342-1160 

Community Design 
Golden Bay, New Zealand 

Dates: Feb. 25-Mar. 25, 200 I 

Location: Golden Bay, New Zealand 
Description: A 4-week advanced training 

for permiicu!ture design course graduates and 

community developme·nt workers that will 
balance cultural, social. and economic de.~ign 

with environmental and physical design. It aim., 

to equip practitioners with the skills to work 
effectively with neighborhood, community, co

housing. ecovillage, and bioregional design. 
Instruc.tors: Robina Mccurdy, Daniel 

Nepia, and others 

Contact: Robina McCurdy 
Tui Community. RD I, Takaka 

Aotearoa/New Zealand 

03-5258488 
robi na@win.co. nz 



Publisher's Note comim,edfrom page 2 

can still be a powerful and resilit;mt 
backbone of the countryside. He was 
followed by Wes Jackson reflecting on 
the finile nature of soil and humanity's 
profound dependence on fossil fuels: 
but for the conversion of natural gas to 
fertilizer, 40% ofus wouldn't be here 
today. Jackson's Land Institute in 
Kansas has moved steadily toward the 
goal of developing perennial 
polycultures of grains, legumes, and 
composites to supplant annual cereal 
cultivation. 

The podium was graced by more ·than 
a dozen other visionaries over the 
course of the weekend, as audiences 
cheered Alice Walker, William 
McDonough, Paul Starnets. David 
Korten, Anita Roddick, Dave Foreman, 
and St~ven Foster. On Sunday J.L. 
Chestnut, the veteran civil rights lawyer 
from Selma, Alabama, brought down 
the house as he described the struggle to 
bring belated justice to black farmers 
suffering decades of systematic, racist 
discrimination by the U.S. Department 
of Agriculfure. Chestnut last year won a 
$2.5 billion s~ttlement against USDA 
following the largest class action 
lawsuit in U.S. history, and his tale of 
economic genocide and long-overdue 
justice left nary a dry eye in the hall. 

Native Americans and black farmers, 
industrial designers and bio-explorers, 
theologians and poets, anti-corporate 
campaigners and successful business 
entrepreneurs. herbalists and tree 
huggers conveyed a unified and compel
ling message: humans are a part of, not 
apart from Nature. The time to realize it 
is now. 

Enjoying immensely this gathering of 
friends and allies, we had the opportu
nity to meet many in the far-flung. 
permaculture network and to see the 
striking degree to which the many 
constituencies that make up Bioneers 
are converging on a program of action 
and education that is practically indis
tinguishable from Permaculture as we 
have come to know it. It would seem 
there is wide agreement on the prin
ciples of ecological design and the need 
for its employment. Accelerating 

acceptance of this new paradigm 
requires deep breath. If there's a word 
to the wise for the Permaculture com
munity it is that openness to the social, 
economic, cultural, and spiritual 
applications of design is essential if we 
are to remain current in this rapidly 
evolving world. 

In our efforts to increase the visibility 
of Permaculture Activist we are focus
ing on expanded commercial distribu
tion. Exposure to new readers is the 
lifeblood of any magazine and our is no 
exception. Readers in the San Francisco 
Bay Area should find this issue in new 
outlets as a direct result of our recent 
travels. For the same reason that we 
added color and a glossy cover eight 
years ago, to attract attention on 
newsstands, we have added a UPC 
imprint for the first time with #44, a 
step that opens new markets. Readers 
can support these important initia!ives 
by letting us know where else the 
magazine should be seen. Is there a 
bookstore, food shop, newsstand, or 
library in your area which should carry 

Subscribe to: 

us and doesn't? Tell them, let us know, 
and we can help make the links happen. 

We have also acquired our own 
domain recently and our new website: 
www. permacul tureacti vist. net, will have 
information about our distributors. Tell 
your friends, plug us at the comer shop, 
and request us at the Ii brary. The 
channels are in place for wider circula
tion and you can make a difference. 

Our interests are expanding as well. 
We will look at new themes over the 
next year and we invite you to contrib
ute your insights to the growing conver
sation about permanent culture. D. 

Peter Bane 

Visit our Website: 
http:// 

www.permacultureactivist.net 
email: 

pcacti v@metalab. unc .edu 

Permaculture Magazine (U.K.) 
-smart, sassy, and now in full colour 

Get the news from Britain and Europe 4x a year. Expanded to 68 pages and beau
tifully printed, Europe's leading Permaculture journal covers cool and temperate 
climates, urban settings, and the challenge of introducing sustainable design to 
densely settled, tightly governed societies. 

Issue #25: • Getting off the Dote with Pc • Willow Compost Toilet • Building with 
Soil Blocks • Edible Roof Gardens •Mushroom Growing • Regenerating Lesotho • 
and more. 

Available from The Permaculture Activist. Back issues $5.50 
$22/year, $41 /2 years 

Fill out the Subscription form below. 

Subscribe to- AGROFORESTRY NEWS 
Now in its 9th year, and dense with high-quality information on 

temperate climate tree crops and forest gardening, 
AFN is a 40-page quarterly from Britain. 

Rates $28/year. Back issues (vol. I-VIII) $7.50 each postpaid. 10% discount on 5+. 
Write us for back issue contents. 

Air post to USA, Canada, Mexico. Other rates on request. 

Send US dollar cheque or money order to: 

The Permaculture Activist , 
PO Box 1209 • Black Mountain• NC 28711 USA 
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LE'l'fERBOX 
East London Growers Report 

Dear Peter, 
A friend loaned me a box of your 

magazines. I found #36 very interesting 
for the anicle by Emilia Hazelip on 
Gi!bl!rt Veuille's system of keeping 
bees in round hives made from plaster, 
straw and wood shavings daubed into 
molds. These molds have been made by 
the Ford Motor Company Youth 
Training Workshop at Dagenham, near 
here. The proto-t ype was on the 
"Gardens for People" stand at Europe's 
1 argest flower show al Hampton Court 
in July, 2000. This stand itself was 
made from recycled material and was 
covered with plants grown in containers 
of all types. One was a mini-car, 
painted, the top opened to allow a tree 
to be planted. 

lntemation:il Design EcoAwards. The 
community compost system won a first 
in its category. 

It requires one person 10 operate: no 
hard work when turning household, 
garden, stable. or farm waste into 
friable seed composl. h C\ en takes 
effort out of fillmg sacks, wheelbar
rows, or trailers. Being made from 
recycled material found in mo~l citie~ 
or farrns, only the mo\il'e power is new. 
Also the modular, expandable. 
extendable multi-function concept is 
not to be patented, as lh1, would defeat 
the objecl. 

A team of three undergraduate, from 
our local University of East London are 
developing a con,truction detailed 
drawing on CAD plu, management 
packel. The concept details are 10 be put 
on many web ~ites: Permacuhure 
Association. Britain will be one. The 
packet will be sold at a nominal fee to 
local groups. This work should be 
complete in spring 200 l. 

Beconlree Organic Growers i, 45-
46 minutes from the center of London 

window in the diary. 
Yours sincerely, 

Barry Watson · 
Becontree Organic Growers. 
Three Trees. 44. Gales Street 
Dagenham, Essex RM9 4NH U.K . 

Human-Powered Machines 

To the Editors: 
I find this periodical very informa

tive and useful. For this I would like to 

thank you. I write to you requesting 
infonnation on human power. How to 
use human power for moving objects 
and creating electricity? I'm looking for 
plan~ to build Gaviotasatypc pumps and 
the like. I am especially interested in 
charging banerics by pedal power. I 
heard of a book that describes such 
device~ plus ones such as human
powered submarines and flying 
machines. I'm not sure if this book 

really exists. but I would greatly 
appreciate any in formal inn regarding 
the u,;c of human power. 

Pennaculture Is No Easy Way 

Dear Peter: 
II',, interesting 10 track changes m 

the "Pcrmacuhure Movement,'" to ~ce 
ccr1ain folk~ seem lo fade, others come 
mto view. I'm mostly intere~tcd in 
articles focusing on "how-to" & "stuff 
that worked or did n · l work, .. and so on. 
As the years tread by, we' vc been quite 
busy sorting wheat from chaff. As the 
venerable old master se1.: gras~hoppcr, 
there is no easy way! (Although, there 
is an article in Pc Ac1i,,i.11 m which the 
writer described establishing a 
pennacuhurc-bascd homestead as a "hit 
of work.'' HA! Wcslill laugh when we 
recall ! hat Ii nc. 

This past ycarwe·ve huill a one-acre 
pond (need~ rain!), devclnpcd sheep 
pasture (with tree crop). got serious 
ahout .,olar food drying, planting a 
zillion clumps of bamboo. raised a 
zillion muscovy duck~ (wanna buy a 
dot.en?) Definllely hecoming pan of 
hx:al community (we hang out wnh IDt, 
of older folk.\). 

Many City Farms and community 
gardens across the U .K. made this 
Silver Gill Award winning display a hit 
with v1s1tors, though the young designer 
only saw most of the exhibit one week 
be fore the show. 

on the di strict u nderg round train 'Thank you, 
(Tube) going east 10 Becontree stallon Mikel Warner Take care, 

Randall Nocton 
Cypress Inn, TN 

Last year I en le red one of my 
concept designs mto the inaugural 

in Gale Street. We welcome vi,icor,. 7049 I 16th Ave SE 
just phone 020-8592-5991 to find a Ncwca,llc, WA 98056 ------- - ----

Back Issues of The Permaculture Activist 
I, I July '85 Permaculture In Oz 
I, 2 Nov, '85 Fruit & Nut Trees 
JI, l Feb. '86 Garden Design 
II, 2 May '86 IPC 2 & PC Design Courses 
II, 3 Aug. '86 lnt'I PC Conference Program 
11, 4 Nov. '86 Fukuoka: Keyline; Genetic Cons'vn; City Farms; Oceanic PC 
111, I Feb. '87 Networking: Natural Farming; D-Q Univ.; Children's PC 
III, 2 May '87 PC Restoration of Wild Lands: Design for Sacramento Fann 
III, 3 Aug. '87 Annual Planting Cycle 
111, 4 Nov. '87 Trees for Life 
IV, 1 Feb. '88 Marketing PC Products: Bamboo:·.1;1om,f \1/J~c~.it~rTrea1mcnt 
IV. 2 M~y '88 Urban-Rural Links:Economic<& Coih'niunity Development 
IV, 3 Aug. '88 Social Forestry; Gabions; Jap. Org'. A'g,; PlJMft,.,n,. Coups 
JV, 4 Nov, '88 Mult1-S1ory Tree Crops; Greeriing'jp.5o!)1. Rcpt>; Runoff Garden\ 
V, 1 Feb. '89 Permaculture:A Designer's Manual; Trc·c Bank;•Watcr in PC 
V, 2 May '89 Plant Guilds: Roof Gardens; Smal I Li,{~c~t;,ck ~ . 
V, 3 Aug. '89 Rainforest Conservation in Ecuador; Gaia: Wccil Garden, 
V, 4 Nov. '89 PC Der .,: Wutcr Cnn,crvation; Small lJa1;;\: 1>,f11d,: Kcyl111c 
VI. I Feb. '90 Household Greywater Sy,tcms; Soil lmprinling · 
VI, 2 May. '90 lnsectary Plants; more Greywatcr; L.'n/J Use i<,d'coplc , 
VI, 3 Aug. '90 Water: Forests &Atmo,phcrc: ~alchrncn!: Ncp;,\·, l'CJnd IJc,ign 
VI, 4 Nov. '90 Urban Permaculture: lo,od1y C'onl'. 'iiiil l•klrix, S,,hlrrh, & PC 
#23t May '91 Politics of Diversity; Grccnh1Ju,c Mkt <•idn: i•c in Nepal 
#24 Oct. '91 Creativity in Design: Examples; lntlcx lssuti.~•'#1-23: 
#25 Dec. '91 Design for Community: CSA,. Re,1or'ing Forest: Garden Ecol. 
#26 May '92 Soll: Our Pa.~t, Our Future: Fcrtili 1y, Worm,, r,,ivcr Crops 
lll7 Aug '92 Integrating Pc: Decnmtructi ng \Jlopia: <•ira,srnots Organizing: 

Garden Po!yculture: Pallcrn Learning, Living Fences 
#28* Feb. '93 Structures: Comn'ly D,gn: Lf::TS: lndu,try/Strn\o.halefl:imhcr-1 rnmc Bldg, 
#29/30* July '93 Networks: Special Mc'tlrn Rvw: Rur~l lkc:nn,tr'n: Lear Cnnc.: Comn'ly 

Food lnitiuli\'c,; Pr ,n Palc,tinc: Do-Noihiiig Ed'n: l'c•11g Shui: Companion 
Gdng: Na1urc Spirit\; W1ldcmcs'.s:1~ingc<!g,:_Network Theory: Pc Acad. 

#31 * May '94 Forest Gdng: Energy & Pr: fylushrm Culln: Robt.Hart\ F.G .. Spp for 
N. Cal.: Alden.: AgroforNry'in Belize: China: Honeylocu,t N-fixm 

lfl 1 April '95 Animals & Aquaculture: Rare Brccd,:fA'llimal Polyculturc: Small-
sralc Caulc: Goat Dairy: Kcylinc: Ramiul Woodthips; Feral Chicken,: 
B~'<' Plants: Constructed Wetland~: Reed Bed SewiJge Treatment 

#JJ De,. '95 Cities & Their Regions: Grei:n,qi[cs: lna!~n8'en1 Region,: LA fao• 
Vi llag.c: MAGIC Garden,: CoHousing: Cily Market,: City Animah: 
Micm-Enierpri,c Lending: Subu[btin mnve·rsi!)ii: Rail,•lo-TrJil\ 
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#JX; Fch. '9X 

#J9t July '9X 

#40t Dec. '98 

1141" May. '99 

#42t Dec. '99 
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Usefol rlants: BamhlKl Polycuhurc: Mcd1<:inak Pc,1 Cnntrol; Rnnt 
Crop,: Oak,; R. Hart\ h,r. Gdn: Rm"an Plant,; Rcgl. l'lant-: Source, 
Villag;-Design: P,ucrn Language: Cnmcmu, Dcmo,:rJcy: Conllic-t: 
Hbtoric & New Village,: Planning li,rTrioc: Eanh~,cn. NC: Dc,ign 
rorCa1a,tmphc: Youth: Viii. fa:"nnmi,,: EcoFore~ll)': Natur,I Bldg. 
Climate & l\·licruclimate: Climate Change: M icrodimatc Primer: 
Weather: \Vindbrcul,: Lnw-Tcc·h Sun Lncatnr: Dryland,: CcK1I Slope,: 
Suhtropk Forc,t Gdn: Straw-Clay Bldg.: Roun~ Bcd1iw: Wa1crCat<:h. 
Tool~ & Appropriatc.Techno]Olt}'! lllnw.li~g: Wu1lhilc,: New Energy 
Scythe,: Japan'csc•Saws::·Slart a Nui'scry: Fcrr11ccn1cnl: fircywalcl·: A-

frame & Bunyi~Lc'vcl;: R,m, P.ump: SCJlar.Moldcring Toilet: l.11g Yolr; 
Green Wnodwur~\ng. ·Cmksm,·cs ... 
Economic Tra!1sf~r1m11i(!_n; Th~ S[>i:culati~'i: Ecorn>m}: No M 1ddlc 
Clas, P<:'!. Wurkcr-Owned Go!>ps: WW00fa Nu Money': Glnh.il Wann· 
Whal Pmli1,·!: H,,li,1ic,"1nancit1I Pla1ini1ig:'!,and U,c; Adnpl-A-Hivc 
Knowlcdgc;Putt_crn &• Desj~n: ~c:•A ':YW \;I Seeing: Sand Oline,: 
Nati vc Con,crva11on.: Language. ~oddi·icw & Gender: Pat1ern. ii lu,.: 
Patterning a, P['J!'C": lianll!;c Pla~ning:Tuadi111g Pc: Vic1nam: 
Tree Sculpture: DC Youth IJc,ign::lfoli'ngrc·n on Pc Movcmcn1 
New Forestry:'·R~l;Qcy!P.DJt,,,.~!'"~l,igj;ing: Menominee Re\\ 'n: 
Forest Jnvc,1ing~l-Rcs\(ira1i,m;·Ol~·.Gri~wU,:•Homc,lcad TcnL1rc: Fnrc,t 
Soil,; Fnrc,1 F,arim~g:' \lidn<tr,~ifrit,: RainforN,: Wmdbrc-.ik,: O,pp"c 
Natural Buildrilg: Orcguri G'(ih: E:iir<l~xl:;Bamooo: Thatch: Ethic,: 
Hi•h Wind,: o'(i;,in'.,'li'<:6nfli~1: Grcc·~iiousc~: Pond,: Adohc: Ro:id-
~ .. 1.~ - ~" -. Ts . ·r l i 

~uilding_: Micm~y1rn::!!l<J~i, ');h4! ~i1fc'.,J;hJiler S20K HoU1c,: Drc~m, 
Self-Rclmnce & Gommum!y Co,op,eratmn: Cn-lntclhgencc & Sdl
Orgn.: Archetype ~,ign: Sovereignty: SamoJ: Mondrni;un: Natural 
Hou,ing: Comm. Gdn,.: Zone 7.,cm: Solar Elcwk TrJclnr: Bcclccping 
Food & Fiber: Food for Hunger. Ferment,. Sca,on, Salad,. Heirloom,. 
Self-Fertile Gardens, Revolution in Rice, CDld Climate Food Str.ilegic,. 

,Edi hie ln1cc1,. Chilic,, Fo(){I Ori~in,. Garlic, Ethnohotany. Wild Food. 
Bamhoo. Fencing, Fih<:r.. Hemp. Sill. Mukh Bed,. Chicken Forage 

$5 each ppd* • 20% discount on 5+ • Complete Set $149 
The Permaculture Activist 

PO Box 1209, Black Mountain NC 28711 USA 
*except for the following: N.28, #29/30,# 31, #4 ! - $7.50,each; 

tVl-3, Vl-4, #23. #25, #37-40, #42-43 - $6.00 each 



CLASSIFIEDS 
Classified Ad R:itcs: 25~/"ord. S5.00 
minimum. a,fran,e paymcnl rc4uired. 
Send ad ,opy and poymenl 10: 

The Pennarnlture Acll visi 
PO Box 1209 
Blark r-.•toL1ntai11 NC 2871 I 

On~ free 20-word ml 1, ilh sub.,lTiplion. 

llonks & Publications 

/ntroduc,imr lo Co11st1,1.r11.~·. Usc:ful 
inforniati<111 ahoul panicipatnry group 
prncess and ,uslainahle dccis1011-
making. hll'h1tk, 28-pagc Guide for 

facili1awrs. Also aYailahle in Spanish. 
$15 d1cck or l'v1/O t" Bca1ric'c Briggs. 
POB 23, Black Earth. WI 5.,515 USA. 
hrig.gshea@~1ol.\:on1. 

PAPER BRICK HOUSES 7.,~ per 
square foot! Stmng. ,,uick. easy. "dl
in.sula1cd. code kJ]al. Spc,·ial 1.ssue $~. 
Suhscripllon S 10. Earth Quarterly. 13nx 
:!.1-P. R,11.lium Springs Nt-.1 8805-4 

Por1111>/e Du·ellm.~ !nfo-lctlcr: aholll 
li\'ing in l~1Hs., )Urb;. llom~s. 
tratlc..·rs,hriats., r~molc cahins, \1lhcr 
mohik or quirkly-made shdters plus 
plans for simple l,m-cost, low-impad 
cnmrnr1s and nmwniem:cs. Sampl<· 
$1. 6/$5. Box 190-pa. Philnmath OR 
97.170 ,,,, 

Green Goods 

Grow mushrooms rnr 110111c use or 
prnlit. Shiitakc. oyster, reishi. mords 
& others. Fw a rree catalog and 
i:lllti,·ution inro. write to Musliroom 
Harvest, PO Bo~ 5727. Alhens, Orl 
45701. (740) 4-48-6105. JJ 

Internships 
Fruil Trcc Nur.cry l111em Position 

Open for the "inter 2D00/Spring 200 I 
sea~oi, to a,si,t in lidd product,on and 
sale, on Pcnna,ul!ure ,ne 111Northen1 
Cahlorma . Intern 1\lll gJtn nperiene <11 
prop.igation of frni!. nut & rontstu,:k 
tree;, 1·ia cutlin)!S. seed ;111d tidd & 
h~nch grafci ng. S~tkin£ person with 
ha,ic computer skill, lo ,issist in 
"eh,ite inquines & sales. Looking fnr :, 
sdl'-n1n1ivatcd person with a good scn.se 
ol hun1or, guod communka1inn ski I ls. 
un<l a speL:illl: intcrnsl in tree crops. 
Contac1 r>.·lar~ at Sandy Bar R,tnch, PO 
Bo., 347, Orleans. CA 95556. Tel. 5.l0-
627-3.179. sam.lybar@pcy,eh.nc! -JJ,, 

Apprenliceships 

Tht' Perma,·ullurc Activist seeks onc or 
ll\l> self~mulivatcd, mmur~ individllals 
for apprenticeship April-O.:toha. 
2001. Work wilh us in P<: education, 
pL1hli.shing. atlv;inccd homculwrc, 
mushroom ,·ul1iv;1lion. natur:1I 

huilding. lmulsi:.ire design, co1111nuni1y 
aclivi~m. l"ood and lodging, 
pcnn;1ct111llrl' <lesign certlfic;tt1; ...:our~c. 
small stipend provided. Letlcr of inteni 
and rcfrrcnccs required hy I st 
Fchruary. Apply du this m:iga,.inc. --1~., 

Apprentice needed at new 2 1/2 a.re 
pcnnarulture ckmonstration site in 
Sa,lla Cru1., CA. For 6 mo. April to 
Ocl., 2001. Solar power, trees planted 
for forest gartlen, chickens. fiber i;oals. 
working "humanure book·· cDmp,lsting 
1oilc1s. This season will he doing coh 
and light day 11;11ur.1I building. working 
on the gardens, designing gray waler 
and .,olar hot w~•~r system,. Conl,1l"I· 

Dchi Baker. 145 Vic~ Dnvc. Sanla 
Cruz, CA 95060. (8~ I )459-4736. email 
at: d,·bihakcr@yahcm.com. -1-1 

Education 

Accred ited Pem1a,ul1ure Design 
Cm1r,e. Bnan J Weston BSc. Ag. PDC. 
ho,t or the "eckly pcrmul'ullurc radiu 
program t,Brion1s Pa11 .. ·h~" i., now 

offering a full PDC hy correspondence. 
Spcd;1) emphasis on small 
properties. Economically priced' 
Ccmtad: llrian J Wcstc•n, Box 125. 
Tai-aka. Ne" Zealand E-mail: 
h"~ston@ihug.co.nz Homepage for 
c.l~ta[l~d inro: \\'\V\\'.pDhara.cont/w~slon 

~" 

Business Opportunities 

PLANT HOPE IN YOUR COMMU
NITY v.ith a Home Business in One of 
Today's Hultcst Markets (ORGANIC 
FOOD SUPPLEMENTS I. Call 1-888-
580-5984. .4J 

B11ildmg or huying in the S011theasr' 
We can save you money. time. energy. 
work: improve family health. farm or 
busi11css prolits. Exp~rienced witl1 
earth works. water catchment. natural 
buildmg, solar design. hDrti.:ulturc, 
wa.stc trcatrnent, community planning. 
Landsc.,pe consulting and design for 
tO\\.fl orcuuntry. Pi.:1er Bane. Patients 
for Ahundance. 828-669-6336 JJ 

Cnmmunilies 

Unahwi Ridge Community in the NC 
mounlaim, seeks mcmhers interested in 
t1psculc organic lifestyle on our 600-
acrc eco-devclopmenl. Land prcsen·a-
11011. co-crea1ion, life celc-hrauon. 
\\"' w.unah,1 tridgt'xom --1-•,, 

Manitou Arbor Ecovillage. Conmock. 
Michigan. Forming eco-spiritual 
community seeks member, desiring 

intentional community in a suburbat1 
area. Sharing taknts, lahnr, and 
r~sourccs 10 plan and de,clop 

sum,inabk culture on 270 acres i ndu<l
ing woodlands, lake, marsh. and lield.,. 
l"uturc ~sidcntial units, cottage 

inilustries. food production. and 
altcmati vc local cconumy planned. 
Shared govcmunce. Financial 
in v~stmc,11 required. Your ideas 
welcome. Contact: V. Jones. PO Box 
113. Nazarcth, l'\1149074-01 n: 
111anar~,•@luerk<latasys1cms.c"m 
www.lueckdatasystcms.com/ 
-manarbrcv _., 

Owl Springs. 5:! fahulous rusti<: acres 
in northern Mendocino Cou11ty, 
C.il ifornia. seek, innovati w people 
eager 10 live suslninably. Exchunge 
knowledge/skills with Colin and 
Cecelia. (707) 984-9388. .4J 

PERMA 
culture 

INTEA~ATIONAL JOU ANAL 

ack Issues still availabl 

#48-49, 51-58, 
60-63, 66-68, 

72-74 
10% discount on 5 

or more, while 
supplies last. 

The Pcrmaculturc Activist 
PO Box 1209 

Black Mountain NC 28711 

r----. -----------------------------------, 
I Free Classified Ad fur Subsnihers. SUBSCRIPTION FORM 1.ssue #44 

A bonus to subscribers: one free 20-wurd 
I classified nd (or $8.00 off any :1d). Send 

l your atl with sub~cription payment or use 
bonus later. Adtl 40¢/word over 20 words. 
u~e this form lo sc:nd in u classiried ad even if 
you :ire not a subscriber. Write your ad here: 

~NT I R (, 11 1 s I ' 11 ~ ( U 11' I I<\', 11 I' RI ' ' 

I want to subscribe to The Permaculrure Activist ,md work lo develop an ecologically 
sustainable land u~e and culture. I wi II contribute as follows (ple.tse check one): 

D $19 - I year/ 3 is,ues D $45 - 3 yrs/9 issues (U.S., Canada, Mexico only) 

• • • • • 

$15 - I year gift ,ub,cription with regular subscription entry or renewal 

$25 - I year overseas surface ($30 air) D $65 • 3 yr, overseas surface ($80 air) 

$400 Activist Lifetime Sub~crip1ion ($600 overseas) 

$22 - I year/4 issues Permarulture Magazine {U.K,) 

$28 - 1 year/4 isaues Agroforestry News C $53 

D $4 ! - 2 yrs/8 is,ues 

- 2 yrs/8 issues 

One dollar of each Activist subscription-year goe, to a Tree Tax fund for new fore~lry 
projecl s. Please print in ink the information reques1ed below. 

Send this form with your check or money order payable in US dollar s 10: 
The Permaculture Activist, Subscriptions, PO Box 1209, Black Mountain NC 211711 USA 

NAME l'HO'<:C -1 
- _j 

]------------- Mll)R~~\ I 

I_ - - - - - - - - - - - - nn .nAn 11>Rm'1Nr~ POHALCOD~ roL•NTR, I 
--LL----~~-------~~~-------~~~-:E:,,,A""'R""T""Hr"!'w"'"'""o""R"='K""'S~&""'- ... E""'N""E""R""G'""Y"'"•--N""'o .... v""E""M""'B""E""R ...... 20""0""'0--,5""9 J 



CALENDAR 
November 3-5. Wilmington, NC. 15th 
Annual Carolina Farm Stewardship 
Conference. CFSA, Catherine Horton, PO 
Box 448, Pittsboro, NC 27312. 919-542-
2402, fax/- 7401. 
SAC@carolinafarmstewards.org 
www .carol inafonnstewards .org 

November 7-21. Ojai, CA. Earth 
Building. The Ojai Foundation, 9739 
Ojai-Santa Paula Rd., Ojai, CA 93023. 
805-646-8343. www .ojaifoundation.org 

November 17-18. Ashland, OR. 
Conference on Biodynamics and 
Permaculture. Don Tipping at (541 )846-
9233, or Kathryn Castemovia at (541 )482-
9362, or email at 
bdpcconfrence@hotmail.com 

November 17-19. Occidental, CA. 
Practical Blacksmithing. Occidental Arts 
& Ecology Ctr. 15290 Coleman Valley 
Rd, Occidental, CA 95465. 707-874-1557. 
oaec@oaec.org 

November 25-December 8. Tlaxco, 
MEXICO. Traditional, Colonial, and 
Ecological Building in Mexico. lanto 
Evans, Zopilote Assn., PO Box 123, 
Cottage Grove, OR 97424. Tel/fax 541-
942-2005. 

The Permaculture Activist '\. 
Post Office Box 1209 
Black Mountain NC 287 l I USA 1 

----- -/ 

ADDRESS SERVICE REQUESTED 
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December 1-15. Ojai, CA. Permaculture 
Design Course. The Ojai Foundation, 
805-646-8343. www .oj ai foundation .org 

December 3-15. Dexter, OR. 10th 
Annual Permaculture Design Course. 
Lost Valley Educational Center, 54 !-937-
335 I. pennaculture@lostval\ey.org 

January 2-12, 2001. NICARAGUA. 
Solar Energy Course. Richard J. Komp, 
Skyheat Associates, RR 2, Box 7751, 
Jonesport ME 04649. email: 
sun watt@ j uno.com, phone 207-497-2204 
or Barbara Atkinson, 
email: lightstream@igc.org 

January 8-29. Makapala, Big Island, 
HI. Permaculture Design Course. 
Annmarie Banchy, PO Box 373, Haka!au, 
HI 96710. 808-963-6664. 
abanchy@interpac.net 
perrnacultureportal.com 

January 24-27. Pacific Grove, CA. 21st 
Annual Ecological Farming Conference. 
EF A, 406 Main St., Suite 313, 
Watsonville, CA 95076. 831-763-211 I. 
fax/-2112. www.eco-farm.org 

February 9-11, Dexter,Oregon. 
Permaculture Design for Women 
Jude Hobbs, I 161 Lincoln St., Eugene, 
OR 97401. 541-342-1160. 
hobbsj@efn.org 

February 9-23. Permaculture Design 
Course. Golden Bay, NEW ZEALAND. 
Anahata Retreat, PO Box I 55, Takaka, 
Golden Bay, New Zealand 64+3-525-
9887. anahat@voyager.co. nz web-
site: www.anahata-retreat.org .nz 

February 10-23. Occidental, CA. 
Permaculture Design Course. 
Occidental Arts & Ecology Center, 15290 
Coleman Valley Rd. Occidental, CA 
95465. 707-874-1557, fax/-1558 
oaec@oaec.org, www.oaec.org 

February 15-28. Anihue, CHILE. 
Permaculture Design Course. CRMPI, 
970-927-4158.jerome@permaculture.net. 
www .cnnpi.org 

February 25-March 25. Golden Bay, 
NEW ZEALAND. Design for 
Sustainable Community. Robina 
McCurdy, Tui Community, RD I, Takaka, 
Aotearoa/New Zealand. 64+3-525-8488, 
fax/-8659. robina@win.co.nz 

May 5-12. Santa Cruz, CA. Cob 
Building Workshop. Debi Baker, 145 
Vick Drive, Santa Cruz, CA 95060. 831-
469-4 736. debibaker@yahoo.com 

July 12-20. Orangeville, ON, CANADA. 
Permaculture Fundamentals Course. 
Ecology Retreat Centre, RR #1, 
Orangeville, ON L9W 2Y8 Canada. 519-
941-4560, ecorc@ionsys.com 

l 
BULK RATE 
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