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• 
INTRODUCTION: THE PROJECT 

Background 

Rural self-sustenance--in which people rely upon their own 

labor and local materials in securing life's necessities {growing 

their own food, constructing and maintaining their own shelter 

and water supply systems)--is both a contemporary lifestyle option 

and, possibly, a future necessity for society as a whole. 

The growing "back-to-the-land" movement as a lifestyle 

choice is well documented by such publications as The Mother Earth 

News and the multitude of recent how-to-homestead and produce­

your-own-power books. And, indeed, the most recent U.S. census 

figures confirm that, for the first time in many years, the rural 

population is no longer losing ground to the cities or suburbs. 

Back-to-the-landers cite a complex assortment of negative 

and positive motives: their disenchantment with contemporary 

urban life and its black-outs, garbage strikes, and random vio­

lence; their weariness with being "consumers" prey to · layoffs and 

"double-digit inflation"; their desire for greater independence 

and self-reliance in supplying their own needs; and their con­

viction that the natural and man-modified rural environment can 

offer at least as stimulating a context for daily life as the 

more exclusively man-modified and man-made urban environment. 

Such rural self-sustenance is rich in historical American 

precedents, including the colonists of the eighteenth century and 

the homesteaders or utopians of the nineteenth century, who drew 

directly, in turn, upon a rural European tradition extending back 

to the small farming villages of the Middle Ages. 

Even within the twentieth century, this lifestyle option is 

neither exclusively characteristic of the United States (given 

the Seymours in England) nor of the late 1960's and early 1970's 

{given M. G. Kains and the Nearings who sought rural self-suste-

nance as a refuge from international economic collapse and 

political insanity during the 1930's). 
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Some such back-to-the-landers have sought and stil l s e ek 

absolute autonomy on a small farm plot separated from the res t 

of mankind by a national forest and a glacier or act ive volcano. 

But some, such as those recently involved in planning Or egon' s 

Cerro Gordo village, seek life within a structured r u ra l community 

shared by others similarly determined to limit populatio n a nd land 

uses according to the site's natural carrying capacity and to en­

hanc~ the community's capacity for long-term self-su s t enance by 

emphasizing use of renewable material and e nergy r esou r ces. 

Others view rural self-sufficiency not only as a c urrent 

lifestyle option, but al·so as a possible future necessity for 

society in general. 

Shortages of conventional resources, such as petroleum, 

copper, and aluminum, seem to multiply in frequency and magni­

tude as population and demand grow exponentially and s upplies 

simultaneously dwindle exponentially. 

If the long-distance supply systems which now meet society's 

needs through intensive consumption of these non-ren ewable re­

sources should ever collapse, society's component indi v i duals woul d 

starve and freeze only if they laeked t h e potential of turning 

to their own renewable local resources for self- suste nance in the 

absence of support from the system. 

For the United States the most t r aumatic per iod of depleted 

conventional resources and severed s u pply lines may s till lie 

far in the future. But the po t ent ial f o r l o ng-term future sel f­

s u stenance must be preserved now aga ins t l o cal resource destruc­

tion f or short-term gain. 

Such maintenance of an area's self~sustenance po t e ntial 

requires definition of viable population limits, i dentification 

of essential local resources upon whi ch the populatio n may some 

day depend, and design for efficient employment of t h o s e resources 

in support of that population. 

These planning and design decisions are the respon sibilities 

of landscape architects. 
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Project Definition 

The project had two over-all goals: 

1. Development of a replicable method for determining: 

a. How a given land area's resources can be em­
ployed most efficiently toward a population's 
"self-sustenance" (i.e., the population's 
maximum possible long-term reliance upon local 
resources to meet specified human needs) 

b. What maximum population can the given area 
support under the specified conditions of 
self-sustenance (i.e., what is the area's 
"self-sustaining carrying capacity") 

2. Design of a self-sustaining community of that popu­
lation for a small rural watershed site in south­
western Pennsylvania according to the method 
developed 

Given these project goals, we found that several guiding 

principles for project planning and design decisions followed 

closely. Such decisions should emphasize: 

Use of on-site material and energy resources (e.g., 
local timber, sandstone, and shale vs. imported steel 
and plastics) according to the goal stipulation of 
maximum reliance upon local resources 

Use of renewable material and energy resources (e.g., 
sun, wind, and cordwood vs. petroleum) according to 
t he goal stipulation of long-term reliance upon local 
resources . 

Con servation and re-cycling of non-renewable resources 
(e.g., nutrients) according to the goal stipulation of 
long-term reliance upon local resources 

Within the general trade-off between maximizing an area's 

human population and minimizing environmental disturbance, the 

pro jec t seeks a definable middle ground. The site's self-sustain­

ing carrying capacity (and hence the community's population) will 

be ma.ximized within the environmental limits (expressed as the 

second a n d third principles above) set by the project's goal of 

t hat population's long-term reliance upon local resources. For 

example, wooded areas may be cleared for agricultural use (in­

creasing the population which the site can feed), and the result­

ing cordwood may be burned for household space heating (increasing 
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the population which the site can shelter) unless the areas to be 

cleared are so steeply sloping and their soils so erodible that 

the resulting loss of soil nutrients and stream water quality 

degradation threaten the population's long-term use of that soil 

and water. 

Project Limits 

We found that such an ambitious project required several 

explicit limits to allow its thorough completion within an accept­

able length of time. We decided: 

to consider the population's needs for food, 
shelter, and water only (since these needs are most 
basic and most pertinent to the knowledge of lands~ a ~e 
architecture) in determining the site's self-su staining 
carrying capacity (leaving an additional land area . 
allowance factor for satisfaction of any other ma t erial 
human needs which may be satisfied locally) 

to acknowledge that absolute self-sufficiency is neither 
feasible nor necessarily advisable and therefore, whil e 
maximizing the population's reliance upon local resources , 
to assume some minimal importation of goods essentia l in 
providing for food, shelter, water and any other need s 
not considered (leaving a further land area allowance 
factor for production of goods to export in trade ) 

to consider only the community's long-term needs a s an 
ongoing system in determining the site's self-sustain ing 
carrying capacity, with concern neither for the i n itial 
capital investment required nor for the political feas i ­
bility of the design's implementation 

to use "low-flow" site productivity data in calculat ing 
the site's self-sustaining carrying capacity , providing 
for the population's continued support through below 
average months and years, but not through a major dis­
aster (such as a tornado) which would require a ma s sive 
new capital investment 

to make reasonable and explicit assumptions as necessa r y 
(based upon the best information immediately obtainable) 
and then to move forward with the project's wor k 

Project Contribution 

Thus defined and limited, our project contribute s, to t he 

best of our knowledge, a new and unique method for determining 

a small and specific land area's self-sustaining carryin g 

capacity as an input to design of a self-sustaining community 

for that area. 
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Several previous and well-known models deal with similar 

issues on scales much larger than our project's. The Limits to 

Growth model functions at the global scale. Odum's work and 

Peterson's work in Florida and Oregon apply to the regional scale. 

One previous project with which we are familiar deals with 

similar issues at the same scale as our project's. But, due at 

least partially to the widely differing natural resources of its 

Oregon site as compared with our Pennsylvania one, the Cerro 

Gordo project's method diverges significantly from ours. 

Rather than basing their carrying capacity calculations 

simultaneously upon quantified human needs for food, shelter, 

a nd water, the Cerro Gordo planners dealt only with the water 

demand, evidently the single limiting factor on their site. 

They began wi th a generalized guess at their 1200-acre site's 

carrying capacity and then estimated the reservoir storage area 

required to supply that population with water through the site's 

characteristic two month summer drought. But it became apparent 

to them that reservoir areas of the required extent probably 

would cause significant changes in the site's physical environment 

(through greatly increased surface water evaporation). By some 

means (not clear in their published reports) the planners finally 

decided upon a smaller optimum reservoir area for the site and 

reduced their original carrying capacity guess accordingly. 

Project Site 

Our 1500-acre project site is known locally as "Hexe Barger"­

"Hexed Valley" - because of its early blessing by a witch grateful 

for exceptionally fine treatment by the inhabitants. 

The site consists of the watershed of Mose King Run, a 

tributary to Laurel Hill Creek. Located in Somerset County, it 

lies just east of Laurel Hill (recently the subject of a Regional 

Planning thesis), ten miles southeast of Wright's "Fallingwater," 

and sixty miles southeast of Pittsburgh. 

Predominantly rural, the region now exports dairy, maple, 

and timber products. It is gaining importance as a location for 

r ecreational development and coal strip-mining. 
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We chose the project site itself for a variety of reasons, 

including its rural character, its reasonable size for study and 

community design, the diversity of its natural resources a nd the 

strength of their indications about land use potentials and limita­

tions, the availability of on-site facil i ties for u se during e x ten ­

sive field observation periods, and one team member's p r e vious 

familiarity with the area and its residents. 

Project Structure 

Figure 1 outlines the project's overall s tructure , which is 

also the structure of this report. Reading from t op t o bo ttom, 

the project proceeded through three initial i nventories (o f the 

site's natural features, human needs , and approp r ia t e technology) 

to three major design inputs (the site ' s sel f -sustaining carry­

ing capacity, land use suitabilities, and social prog r am ) and, 

finally, to design of the site's self-sustai ning community . 

The nature of each project component and its relation t o other 

components which preceded and followed it are e x p l ained in 

detail within the report section bearing its name. 

HUMAN NEEDS 

SQCIAt 
PROGRAM 

~~ .. sr_R,_U..,CTURiiiiai,iiiiitE 

APPROPRIATE 
TECHNOLOGY 

SITF;'S 
SELF-SUSTAINING 

CARRYING CAPACITY 

SITE'S 
SELF-SUSTAINING 

COMMUNITY 

Figure 1 

SITE' S NATURAL 
FEATURES 

LA.ND USE 

A~¥t.ttIP.S 

-7-

INVENTORIES: 

SITE'S NATURAL FEATURES 

Our first project inventory consisted of a complete spatial 

~nd, where appropriate and possible, statistical description of 

t h e watershed's natural features, including their present degree 

of human modification, their existing and potential productivity 

(especially for food, shelter and water), and their capacity to 

sustain further human intervention without long-term damage to 

non-renewable resources. Published sources, interviews, and 

on-site surveys contributed to this description. 

Only the briefest summary of qualitative inventory findings 

i s possible here. Some further qualitative productivity data 

(e.g., the potential of sandstone strata to yield water and 

building stone) is, however, included below in report Section 

IC's discussion of assumed technology; some quantitative pro­

ductivity data (e.g., per-acre forest cordwood yield by vege­

tative association) is included in Section IIA's carrying 

capacity calculations; and some data regarding non-renewable 

r e sour ce vulnerability to use (e.g., ~rodibility as a function 

of s l ope and soil type) is included in Section IIB's land use 

su i t abilities. 

Visua l Ch aracter 

Topo g r aphy strongly determines our site's overall visual 

character , bot h dir ectly and indirectly. 

Ridge lines directly divide the site into "Topographic 

Visua l Units " (Slide 1) . These include several "major" enclo­

sures alo ng the mainstream and its largest tributary. "Accessory" 

enclos ures along the smaller stream tributaries face onto these 

major ones. 
By i n fluencing land use patterns topography also has addi-

tional indirect input to the composite "Existing Visual 

Character" (Slide 2) of any site area as "level" or "sloping" 

and "open field" or "forested." This overall visual character 

is most readily seen in the series of site "Cross Sections" 

(Sl ide 3). 
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The level open ridge tops, which rim the site on the up­

stream side, belong to the more prosperous dairy farms. Except 

where they are entirely enclosed by the tree line of the adja ­

cent steep and forested side slopes, these ridgetops offer long 

views of both the valley bottom below and of other ridges acro ss 

the valley and beyond {as shown in Section B-B' taken at the 

stream's headwaters and in Section C-C' taken further down­

stream). Smaller and less prosperous farms, houses, and trai l e rs 

dot the valley bottom. Spur ridges extend from the peripheral 

ridgeline into the valley, forming the "accessory" enclosed units 

about smaller stream tributaries, as noted above (and shown in 

Section D-D'). 

Downstream to the west, the valley widens out into a broad 

terrace, enclosed by a forested ridge wall only on the u p stream 

side (as shown in Section A-A'). This terrace includes the 

site's most extensive parcels of flat open land and its only 
large pond. 

Finally the strea·m cuts down through the terrace on its 

fall into Laurel Hill Creek. Although this forested rav i n e 

is not large enough to merit its own cross-sectio~, it is the 

show place of the watershed, including sandstone outcrop wate r­

falls and slopes shaded by hemlock, oak, and rhododendron . 
Geology 

Located within the mountainous portion of the Allegheny 

Plateau, the site consists of thin, nearly level alternating 

strata of sandstone and shale, occasional l y interbedd e d wi th 

limestone, as shown on the map of "Geology" (Slide 4), which we 

drew from a published source (Flint, 196 5 ) and v erif ied by on­

site surveys. There are no faults or other major distort i o ns 
of this basic structure. 

Slope Gradient and Orientation 

As is evident from our "Slope Gradient" map (Slide 5) , t he 

sandstone's resistance produces very steep slopes, exc eeding 

thirty percent on most of the ridge walls, but few r e al cliffs . 

Narrow and winding stretches of flat land follow the ridge t ops 
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and valley bottom. The most substantial flat areas belong to 
the terrace. 

Mose King Run and its valley generally run east to west. 

But the stream's frequently oblique path and the spur ridges 

projecting from the periphery into the valley result in a fairly 

even aspect distribution on our map of "Slope Orientation" 

(Slide 6). 

Flood Hazard 

Using Luna Leopold's method of floodplain delineation, we 

outlined the stream's ten-year innundation area on our 1Flood 

Hazardttmap (not included here). This necessitated use of pub­

lished flood frequency data (U.S.G.S., Flood Frequency: Ohio 

River Basin), on-site stream discharge measurements, and on­

site sections and mapping of stream-side terraces. 

Soils 

Lacking a complete Soil Conservation Service survey of the 

site, we compiled our ownkSoils'map (Slide 7). Since our method 

of mapping soils represents, to the best of our knowledge, a 

new approach, we shall describe it in some detail here. 

we began by overlaying individual site maps of the major 

soil-forming factors in combinations such that the resulting site 

areas could be assigned the soil series designations used in pub­

lished s.c.s. surveys of adjacent counties (Westmoreland County, 

Pa., 1968; Fayette County, Pa., 1973). 

- soil-forming factors which were mapped include parent 

material (from the maps of geology and flood hazard) and relief 

(from the maps of slope gradient and shape). 

several other soil-forming factors were not explicitly 

mapped for various reasons. The action of organisms was not 

mapped separately because vegetative association is already 

closely correlated with bedrock type on the site and because 

vegetative land use (e.g., hay field or forest) only affects 

the surficial soil horizons, not the S.C.S. series designation. 

Clima t e (more precisely regarded as "micro-climate" at the site 

scale) was not mapped because on-site investigations showed no 
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conclusive influence by slope or i ent ation or any oth er c omparable 

micro-climatic factor upon the soil profile and because s.c . s . 
series definitions do not note micro-climatic distinctions. 

Time, the final soil-forming factor, was consid ered only in the 

general recognition of areas likely to be subject to relatively 

recent colluvial or alluvial parent material deposition . 

We then verified these theoretically assigned s.c . s . s e ries 

designations and their boundaries on our site by pits a nd augur 

borings and by reference to that small portion of the s i te pre­

viously mapped by the S.C.S. in preliminary form. 

As an example of the method: A site a r ea wh ich i s mapped 

as a lower concave side slop e or slope bottom of gradient less 

than fifteen percent and subject to colluvial deposition matches 

the published S.C.S. description of "Ernest silt loam" and wa s 

given that series designation on our map after on-site confirma­

tion by pits or borings that the actual profile also matched 

that typical of the Ernest. 

Assigning S.C.S. series designations to the so i l-areas on 

our site map allowed us to use published data (e.g ., regarding 

productivity and erodibility) issued by series name. 

Vegetation 

Using aerial photographs , extensive on- s i t e obser vations, 

and quantitative sampling , we produced a'' v egetation" map (Sl i d e 

8). It distinguishes forested a reas from cul t i v a ted fields and 

pastures and further divides t h e fo r e s ts into t wo g e neral v ege­

tative associations, maple-beech-birch and u p l and oak. 

The maple forest, in both sucdessional a nd matur e stages, 

is lush, closed, and rapi d l y growing. The o a k in compara b l e 

stages is relatively drier, thornier, more ope n and slower 

growing. 

The distribution of the oak, as opposed t o the maple , fo r est 

appears to be most closely correlated with the s ite's sandstone 

parent material. 
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Climate 

The site's regional climate is cool--6633 heating degree 

d ays annually--and wet--50 inches of precipitation annually 

(U.S. N.O.A.A., 1971). The prevailing winter wind comes from 

t he west, and the prevailing summer wind from the southwest. 

The area is subject to daily fog and to occasionally heavy snow 

storms. 

Significant micro-climatic variations are largely based 

u pon t he site's topography. Steep slopes of northern aspect 

r eceive considerably less solar heat energy than those of 

southern aspect (as evidenced in their greatly differing rates 

of winter snow melt). And cold air drainage causes earlier, 

later , and more frequent frosts in the valley than on the upper 

side slopes and tops of ridges. 

The deciduous forest offers considerable diurnal and 

seasonal micro-climatic moderation. Areas of surface water 

and high groundwater table also might be expected to promote 

such moderation, but are so small in extent on the site that 

the y are unlikely to have much impact. 

Water Qualit;r 

We sampled stream water at ten stations within the site, 

measured i ts chemical quality in the student laboratory at the 

Acade my of Natural Sciences, and recorded the results on maps 

of "Organic Water Quality" and "Inorganic Water Quality" (not 

included here). 

Overall site water quality is good. The major sources of 

d iscerna ble pollution are agricultural fields and pastures (con­

tributing n i trates) and several small coal shafts worked during 

the Depression of the 1930's and subsequently by local farmers, 

primarily f or their personal use (cont ributing acidity). 

Human lJ§..§. 

The area is now, and has always been since its settlement, 

d e v o ted to fa rming, supplemented by timbering, maple sugaring, 

and mining . 

Owens Library 
College of Environment & Design 

University of Georgia 
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0f secondary agricultural value due to the rel atively wid e 

dispersement of flat tillable ridge tops and valley bottoms 

among steep and stony slopes, the area was largely by-passed i n 

the initial American rush west for the flat and fertile prairies. 

Subsequently, the area was occupied by Scotch-Irish, and t h e n by 

German, settlers. Now i t serves primarily as a dairy p r o duction 

area for Pittsburgh. 

There are few "Existing Structures " now on the s ite (map 

not included here). None of the houses and onl y two o r t h ree 

of the barns were built much prior to the twentieth c e n tur y. 

The more substantial barns and the roadway syst em , which 

often follows the only logical route around and up the steep 

valley walls, promised to be of most va lue in our d e s ign of the 

site community. 

HUMAN NEEDS 

Our second project inventory assessed the proposed popula­

tion's demands for food, shelter, and water. According to the 

project assumptions, these needs determine the s i te's s elf ­

sustaining carrying capacity (with an additional lan d allowance 

added cover to all other material human needs not con s idered). 

For calculation purposes we quanti f ied t h ese human needs as 

much as possible, arriving at a s pecified "standa rd of living," 

defined as the kind and amount of good s to be s uppl ied annually 

to the population's "average" household. The grea t e r this 

standard of living, the smaller the number o f such households 

which can be supplied by the site's natu ral r esou rces a nd the 

lower the site's self-sustaining carryin g capac ity. 

Given the project goal of maximiz i ng t hi s car rying capacity , 

we attempted to minimize the standard of livi ng wh i le setting 

it high enough (according to the best available opinion) to 

maintain the population's physical wel l-bei ng and capacity for 

participation in a full range of human pursuits. 

Life in such a community designed for long - t e rm self­

sustenance at a minimal but sufficient mater i al s t andard of 
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l ivi ng would certainly differ from that of contemporary American 

society in general, but need not be dull or degrading, as indi~ 

cated i n thi s excerpt from Limits to Growth (p. 175): 

Population and capital are the only quantities 
that n eed be constant in the equilibrium state. 
Any human activity that does not require a large 
f low of irreplaceable resources or produce severe 
e nvironmental degradation might continue to grow 
i nd ef i nitely. In particular, those pursuits that 
many p eople would list as the most desirable and 
satisfying activities of man--edu6atio~, art, 
music , religion, basic scientific research, 
Athle tics , and social interactions--could flourish. 

As opposed to our current society which includes a few pro­

fessional p e r f orming artists and many spectators who work to 

support t h em, the proposed community would likely include more 

i nd ividuals wh o both work in the fields to support themselves 

during t he day and paint or sing at night. 

F i nally it should be remembered that our carrying capacity 

calculations were based on "low-flow" site productivity data 

for be low average periods. At most times there would be a 

surplu s of goods beyond those necessary to supply the population 

at the calculations' specified standard o f living. These could 

go towa r d material support of a ny additional human activities 

desired by the population . 

Our fir s t step toward actually defining and quantifying 

the populat i on' s standard of living was to understand the 

character of the site's proposed population itself. 

Populatio n Character 

We began b y assumi ng that community members would be willing 

to limit their popu lation to a stat i onary level at or below the 

site's sel f -sustaining c a rrying capacity , either due to voluntary 

choice (v i ewing t he design as a contemporary lifestyle option) or 

due t o t hei r desire for survival (viewing the design as a possible 

future n e c e s s i ty for more of socie ty during "hard-times"). For 

such a "stationary" population both the total number of people 

within t he c ommuni t y and the number o f people within any given 

age/sex c l ass would remain constant. 



-14-

We constructed the age/sex pyramid (figure 2) which would 

evolve and continue if a representative sample of contemporary 

Americans decided upon "stationary" population status (thus 

assuming the most current U.S. mortality rates obtainable-­

u.s. Dept. of H.E.W., Vital Statistics of the u.s.--1969). 
Using this pyramid and two other assumptions (noted in 

figure · 3) about the character of a site population composed of 

contemporary Americans we arrived at the community's "average" 

household of specified size and fully representative age/sex 

compo~ition (also shown in figure 3). This "average" household 

served as a convenient population .unit for use in all calcula­

tions leading to determination of the site's carrying capacity. 

{A variety of "household types" later evolved to replace the 

single ~athematical abstraction of this "average" household 

for actual community design purposes.) 

We then specified the "average" household's standard of 

living relative to the human needs for food, shelter, and water. 

Food 

We researched nutritional requirements for individuals by 

age/sex category and summed them for the "average" household 

(figure 4) according to its assumed age/sex composition. 

In addition to requiring foods of this overall nutritional 

content, the household would require food storage facilities of 

several types: warm and dry, cool and dry, cool and moist, and 

frozen. (Exact spatial and energy requirements depend ·upon the 

technology chosen and will be described in the self-sustaining 

carrying capacity sectiori below.} 

Cooking for the "average" household would demand about 

7 million Btus/year (Spielvogel, February 1975). 

Shelter 

We defined the shelter ne~d in terms of spatial and energy 

requirements. First we estimated the areas of land coverage 

per "average" household for built human shelter: 
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POPULATION'S ASSUMED AGE/SEX COMPOSITION 

(Source: * "Stationary" Population Projection. U.S. 
Dept. of H.E.W. Vital Statistics of the U.S. - 1969 
Vol.II Part.A 8ect.5) * Assumes"constant--:rium-
ber within any r- iven age/sex class 
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Avg. Avg. 
Age/Sex Class Ht . Wt. 

(Inc.) (Lbs.) 
M 33 26 

0- 5 Years 
F 33 26 
M 48 sl 

5-10 Years 
F 48 51 
M 57 86 

10-15 Years 
F 59 87 
M 68 138 

15-20 Years 
F 63 119 
M 69 154 

20-35 Years 
F 64 128 
M 68 l54 

35-55 Years 
F 63 128 
M 67 l54 

55 Years+ 
F 62 128 

Average 
Household 
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NUTRITIONAL REQUIREMENTS FOR INDI VI DUALS 
AND FOR "AVERAGE" HOUSEHOLD 

(per day) 

Energy Usable Vitamin Ascorbic Acid Calcium Iron Thiamine 
Protein 

(Calories) <2!!·) A <;()> cl., (m~.) (mg:.) 
l300 8 2000 .6 I 0.6 

1300 8 2000 40 0.6 15 0.6 
2000 15 3500 40 0.9 10 r.o 
2000 15 3500 40 0.9 10 1.0 
2600 24 4800 43 1.3 ,.14 1.4 

2300 25 5000 43 l. 3 18 1.2 
2900 39 5000 57 1.1 n 1.4 

2300 34 5000 55 0.8 18 1.0 
2800 44 5000 60 0.8 Io 1.4 

2000 36 5000 55 0.8 10 0.9 
2600 44 5000 60 0.8 Io 1.3 

1850 36 5000 55 o.e 10 0.9 
2400 44 5000 60 0.8 Io 1.2 

1700 36 5000 55 0.8 10 0.9 

7387 111 16062 185 2.8 38 3.7 

SOURCES: 
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Riboflavin 

(m2.) 
0.6 

0.6 
I.I 

1.1 
1.4 

1.4 
l.6 

1.5 
1. 1 

1.5 
l. 7 

1.5 
1.1 

1.5 

5.1 

*Generalized from: Natural Academy of Sciences--National Research Council, 
Food and Nutrition Board. Recommended Dietar~ Allowances. (Rev. 1968.) 

**Francis M. Lapp,. Diet for a Small Planet. New York: Ballantine, 1971. 
(Rep. Avg. of NAS-NRC, U.N.'s F.A~O. and canadian Board of Nutrition+ 301 
to cover individual variances.) (• 0.28 g,/lb.of body wt. "usable• 
protein) 

Figure 4 
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Dwelling .....•.... 1200 sq. ft. (but may be several 
stories) 

Workshed •...•..•.. 150 sq. ft. 
Fenced "yard'' {for children and pets) •.•••••••• 

1600 sq. ft. 
Community Facilities .....••.•• 15 sq. ft. 
Roadways (assuming existing .road system as a 

skeleton, 20 ft.-wide paving for major 
roads, and two 2-1/2 ft.-wide paving 
strips for minor roads) ...••..•.• 700 sq. ft. 

(Additional built shelter areas for animal housing, equipment 
and animal feed storage, and energy generation and storage were 
calculated later after determination of the appropriate technol­
ogy and are included under Self-Sustaining Carrying Capacity 
below.) 

We then quantified the energy component of the "average" 

household's shelter need. The largest single requirement _ is 

that for space heating. This was estimated at 10 , 000 Btus/degree 

day/year assuming average residential heat loss values (Shelton , 

February 17, 1975) or 66,330,000 Btus/year on our site . Care­

ful design of the built 'shelter {as described in the Appropriate 

Technology section below) can avoid any energy demand for space 

cooling on the site. 

Further miscellaneous energy requirements related to the 

need for built shelter (e.g., for lighting and the operation o f 

appliances) are considered in ·the Appropriate Technology and 

Self-Sustaining Carrying Capacity sections which follow . 

Water 

We estimated the "average" household's water demand 

assuming a number of specified water conservation devices 

(figure 5). Most important of these is the composting to i let 

(.explained further under Appropriate Technology) which e liminates 

water transport of wastes and alone cuts the overall water d e-

mand by almost half. 
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WATER . DEMAND 
~ "AVERAGE" HOUSEHOID 

lli!! Current U.S. 
- Use Ra t;-;r** 
(~al. /day) 

Toilet 100 

Lavatory 8 

Shower 80 

Laundry 35 

Utility sink 5 

Kitchen 27 

TOTALS 255 

Sourcess 

• 

Assumed Use Rate 
(and why different from 

current U.S. rate) 
(gal./day) 

0 (compostin~ toilet -
no water-borne waste) 

•• 5 (pedal valves ) 

••• 56 (limiting flow valve ) 

• •• 15 (front loading washer ) 

5 

** 20 (pedal valves ) 

101 

Pennsylvania State University. \ilhter ConsArvation and Wiste-
flow Reduction in the Home. ("Special Circular 184") • University 
Park, n.d~ - - -

•• Tom Bender. Unive~sity of Minnesota. Livin Li htl Eh __ ,..g ?; y: erQ:y 
Conservation in Housing. October, 1973. 

••• James F. '&.iley, et al. ! Study of~ Reduction and 
Treatment of Waste Water from Hnusehol<is. Federal Water Quality 
Administration. December, 1969. 

Figure 5 



APPRPPRIATE TECHNOLOGY 
Our third project inventory resulted in specification of 

the technology most appropriate for utilizing local r~sources 

(surveyed in our first inventory of the Site's Natural Features) 

to meet each of the proposed population's human needs (assessed 

in our second inventory). 

We based each such choice of technology upon: (1) results 

of the Site's Natural Features and Human Needs inventories, (2) 

the project's guiding principles, which emphasize use of local 

resources, use of renewable resources, and conservation and 

recycling of non-renewable resources (as discussed in the 

Introduction's section on Project Definition), and ~3) within 

the limits of the above general criteria,-- efficiency, in accord 

~ith the project goal of maximizing the population supportable 

by local resources, and durability, in accord with the project 

goal of the population's long-term support (also discussed in 

the Introduction's Project Definition section). 

Most of the resulting choices fall within that category 

often termed "intermediate" technology. These choices do not 

constitute a full reversion to the eighteenth or nineteenth 

centuries, although they ar~ in some cases reminiscent of the 

agricultural technology of these and even earlier periods, from 

which much can be learned about self-sustenance. Frequently 

they consist of very traditional devices recently improved 

(e.g., modern windmills which, due to the contributions of aero­

dynamic engineering, operate at efficiencies many times those 

of their older counterparts). 

The technology assumed in carrying capacity calculations 

and in community design is discussed below for each of the 

previously established human need categories of food, shelter, 

and water. 

,EQ.Qg_ 

Foods differ greatly in the efficiency with which they 

utilize land resources in providing calories, protein, and 

nutrients for human use. For example, plants are significantly 
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more efficient than livestock in terms of protein produced per 

acre: cereals are five times more efficient, legumes are ten 

times more efficient, leafy vegetables are fifteen times more 

efficient, and spinach is twenty-six times more efficient 

(Lappe, p. 10). There is even a considerable variation in 

protein-production efficiency among livestock types: 

Pounds of Protein Fed to Yield 
One Pound of Protein for Human 

Consumption 

Beef-Veal----------------------------21.4 
Pork--------------------------------- 8.3 
Poultry------------------------------ 5.5 
Milk--------------------------------- 4.4 
Eggs--------------------------------- 4.3 

(Lappe, p. 11). 

Because of such differing food efficiencies, we needed to 

specify a diet for our "average" household, its standard of 

living with respect to food, for use in the carrying capacity 

calculations. 

This diet (shown in figure 6) was designed to satisfy all 

of the caloric, protein, and nutrient needs outlined previously 

in the Human Needs section (figure 4), while emphasizing plant 

sources over animal sources and more efficient animal sources 

over less efficient ones (in the interests of maximizing per 

acre food production and therefore the site's carrying capacity). 

The animal sources were included because the necessary nutrient 

cobalamin, as well as trace elements not yet fully understood as 

to need or supply, is almost exclusively limited to such sources 

(Lapp~, p. 55). Milk was also included as by far the most 

plentiful source of the required calcium. 

The quantitative diet was necessitated by demand for 

reasonable and specific input to the carrying capacity calcu­

lations. It could be varied extensively by community members 

within the overall nutritional and acreage requirements (dis­

cussed in the Self-Sustaining Carrying Capacity report section 

below). Similarly, the diet represents a "low-flow" input to 
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Food Sources Assumed 
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the carrying capacity analysis, meant to guarantee that at least 

enough food production land would be set aside to insure a 

minimal but adequate diet. Many additional food sources would 

likely be available to the population. 

Fruit trees, nut trees, and vines, which can overlap other 

food production areas such as permanent pastures or shade­

tolerant row crops, could provide additional fruits, ciders, 

and wines according to the individual desires of community 

residents. Fish, fowl, game, and wild fruits and nuts could 

likewise add quantity and seasonal variety. 

Food production would depend upon the recycling of human 

and animal wastes to the soil upon which their food was grown, 

in proportion to the nutrients withdrawn from each land area. 

Human wastes would be collected and composted by the Clivus 

Multrum (illustrated in figure 7) for annual distribution. 

Far more manual and animal and far less mechanical labor 

would go into food production than is now characteristic of 

large-scale "agri-business" operations. Oxen, produced as the 

male portion of the dairy herd, would serve as draft animals. 

Wood stoves, the best of which average fifty percent in 

efficiency (Bender), could serve for cooking on the heavily 

forested site. 

Like many area farm families who are already virtually 

self-sustaining with respect to food, community members could 

preserve foods by canning, smoking, drying or freezing and could 

store them in root cellars, lofts, or pantries (usually included 

within dwellings or barns). They would make minimal use of 

electric refrigerators and freezers, which would be powered by 

wind generators. Solar driers would be used for drying foods 

and wood stoves for canning and smoking. 

Shelter 

Local construction materials would be used as extensively 

as possible to facilitate long-term maintenance and repair . 
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The site's sandstone, commonly found in the hand-laid 

foundations of older buildings, could be used for walls, its 

shale could be crushed fo~ roadway surfacing, and its oak and 

maple timber could be cut for beams and roofing. 

Among the local resources available for space heating, 

solar energy, which is the most rapidly renewable, would be the 

primary choice, supplemented as necessary by the more slowly 

renewable cord wood. Coal, as a non-renewable resource, would 

be unreliable on the long-term basis specified in the project 

goals. 

Such solar space heating would · func'tion by architectural 

means such as careful siting and orientation (e.g., moderately 

sloping southern orientations rather than steeply sloping 

northern ones), proper choice and placement of materials with 

respect to their thermal properties (e.g., glass to admit light 

and stone to store heat on the south, bermed earth to insulate 

against heat loss on the nortp), and manually moveable elements 

(e.g., reflective shutters to hold in heat at night and to re-

flect l~ght on summer days). More complex mechanical systems 

of solar space heating (e.g., those relying on forced air or 

pumped water) would be avoided due to their increased maintenance 

demands and greater energy consumption. 

Comparison with our solar space heating prototype (England's 

St. George School) with respect to such factors as heating degree 

day~ and insolation suggested that solar energy could supply 

approximately eighty percent of the heating demand for site 

shelters built according to the above criteria. 

Wood-burning stoves, the best of which average fifty-per­

cent in efficiency as opposed to only eight percent for most 

open fireplaces, would meet the remaining twenty percent of the 

space _heating .requirement. 

Space cooling would depend upon maximizing natural venti­

lation (by carefully orienting openings to take advantage of 

prevailing summer breezes) and upon minimizing summer heat gains 
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{by using reflective surfaces, overhangs, and deciduo u s v ege ­

tative species). 

Dur built shelter prototypes, designed according to al l of 

the above space heating and cooling crit eria f o r three slope con­

ditions, "optimum," "good," and "possible, " a ppea r i n f igures 8-10 • 

Further miscellaneous energy d emands r elated to the provi­

sion of shelter (e.g., for lighting , applia nces, communica tions 

equipment) would be met by wind and wa t e r sources, whic h are more 

appropriate than wood or solar sources fo r t h e gen e ration of 

electricity. 

Water 

Water would be suppl i ed by springs and s h a llow wells (now 

most common among site residents), by deeper wells dr i lled i nto 

the sandstone beds, and by cisterns collecting the plen t ifu l 

precipitation. 

Wind energy would be used to pump and distribu te t he water, 

and solar energy would be used for heating it. 

The technology of water consumption wou ld be t ha t s p e cified 

in the Human Needs Inventory's assessment of water demand 

{figure 5), including the Clivus Multrum (f igure 7), which 

is the major means of water conse rvation . 

DESIGN INPUTS: 

SELF-SUSTAINING CARRYING CAPACITY 

The first major community design input t o r esult from the 

three project inventor ies was deter mi na tio n o f the site's self­

sustaining carrying capaci ty. 

The size of the population whi ch any given land area can 

support varic~s inversely with the kind a n d amount o f goods to 

be supplied annually to the population's "averag e" h o usehold 

(specified for our site's popula t ion above in the Human Needs 

section), directly with the land's productiv ity of raw materials 

(quantified above in the section on the S i te's Natura l F e atures 

and below in this section), and directly with t h e chosen tech­

nology's efficiency in utilizing these raw materials to supply 
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the required goods (discussed above in the Appropriate Technology 

section and below in this se~tion). 

We began our calculations by assuming that the site's carry­

ing ~apacity was to be maximized, that therefore the site must 

supply goods in exact proportion to the population's demand for 

them, and that "low-flow" producitivity data would be used, in­

suring that the site could support the population even in poorer 

than average months and years. 

The general equations which we used in finding the site's 

self-sustaining carrying capacity are strictly applicable only 

to a homogeneous piece of land occupied by a population utilizing 

uniform technologies to achieve a common stand~rd of living . 

(These equations are shown in figure 11.) we divided the 

"average" household's annual demand for a product by an acr e 's 

annual yield of that product to give the acreage required to 

produce the demanded amount of the product. We repeated this 

for each product required, using acreage as the common denomin a tor 

for the variety of human needs to be met on the site. The land 

demands for all of the required products were then summed, g i v ing 

the total land demand per household. Finally, the site's total 

available land area was divided by the tota l land demand per 

household to yield the maximum number of households supportable. 

These are simple equatio~s. But, as we found in calculating 

the carrying capacity of our small watershed site, much work 

goes into filling in and completing them. 

Food was the first human need which we considered i n the 

carrying capacity calculations. 

Food 

Having assessed the "average" household's nutritional needs 

(figure 4 in the Human Needs section) and having designed a 

reasonable diet to meet those needs (figure 6 in the Appropr iate 

Technology section), we compared the diet's required food c r o p s 

with the site's productivity of them to find the agricultural 

acreage necessary for each household. 
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CARRYING CAPACITY CALCULATION SUMMARY 

LAND DEMAND PER HOUSEHOLD 
FOR ANY ONE PRODUCT 

TOTAL LAND DEMAND 
PER HOUSEHOLD 

MAXIMUM SUPPORTABLE 
POPULATION (Expressed 
in households) 

= 

= 

PRODUCT DEMAND/HOUSEHOLD/YEAR 
PRODUCT YIELD/ACRE/YEAR 

~ (LAND DEMANDS PER HOUSEHOLD\ 
L FOR ALL DEMANDED PRODUCTS) 

AVAILABLE AREA 
TOTAL LAND DEMAND PER HOUSEHOLD 

Figure 11 



The average productivity of any food crop varies with the 

species, the soil type, and the fertilizer rate. Figure 12 

shows a general graph relati~g the per acre yield of any crop 

to the per acre application of fertilizer (Tisdale & Nelson, 

1966). One such graph can be drawn for each soil type and each 

crop species. The maximum potential yield is assigned a value 

ot 100 percent and the quantity of fertilizer necessary to 

pr,oduce that yield is assigned a value of ten "Baule Uni ts." 

The remainder of the graph can be drawn from this one known 

point by generating a logarithmic curve: the first Baule unit 

producing 50 percent of the maximum yield, the second pro­

ducing 75 percent, the third producing 87.5 per cent, and so o n . 

Since the size of the population supportable varies di­

rectly with the land's productivity of food crops, we could 

draw such a graph with human population as the "crop," with 

"yield" expressed in households per acre, and with applied 

fertilizer measured in some convenient unit such as pounds of 

nitrogen per acre per year. Once we have determined our site 's 

maximum population yield and the amount of fertilizer required 

to produce it, the remainder of the graph could be generated 

automatically in the manner described above. Following i s t he 

determination of that point for our site's dominant soil capa ­

bility class and for our "average 11 household's assumed diet 

of food crops. 

The maximum sustainable yields on our site's dominant so il 

class (S.C.S. Capability Class 3) and the necessary ferti li zation 

rate for several grain crops, including corn,were a va ilable f r om 

Penn State (Hinish, February 27, 1965). Corresponding figur es 

for the remaining required_plant crops were found through 

establishing the yield ratios between these crops and corn 

(given the same general intensity of management) ' and then 

multiplying by the known yields of corn on our site's dominant 

soil class (figure 13). 

Finally the yield and fertilization rates for animal pro d­

ucts were found as functions of the plant crop quantiti e s 
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croe 
asparagus 
barley 
cabbage 
carrots 
green -beans 
lettuce 
li!'la beans 
~reen peas 
soy beans 
spinach 
winter squash 
summer squash 
tomatoes 
oats 
rye 
white potatoes 
wheat 
hay 
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RATIOS OF CROP YIELDS TO CORN YIELDS 
·1n bushels of corn 

source source source source source 
1 2 2 4 !2 
? 7 .. 1 ? 24.6 lb 
.72 bu .75 bu .63 bu .72 bu ? 
? 1 1 ? 57.3 lb 
? 7 7 ? 9.0 bu 
1 7 1 2.67 bu 2.7 bu 
1 ? ? ? 170 hd 
? ·? 1 7 6.1 bu 
7 ? 1 ? 1.4 bu 
.41 bu .39 bu 7 .39 bu ? 
? ? ?' ? 9.6 bu 
1 7 ? ? 136 lb 
? 1 1 ? 136 lb 
4.25 bu ? ? 3.97 bu ? 
.72 bu .72 bu .so bu .72 bu ? 
.35 bu .45 bu 1 .45 bu ? 
2.98 bu 5.11 bu 1 5.11 bu 1 
.48 bu .48 bu .46 bu .48 bu ? 
.03 T 1· .025 T .029 T 7 

· average 
24.f> lb 
.70 bu 
57.3 lb 
9.0 bu 
2.7 bu 
170 hd 
6.1 bu 
1.4 bu 
.40 bu 
9.6 bu 
136 lb 
136 lb 
4.11 bu 
.74 bu 
.45 bu 
4.4 bu 
.48 bu 
.028 T 

(1) U .s.D.A., Agricultural Sta tis tics, 1941 : data for Pennsylvania, 
1931-1939 ~verage 

(2) U.S.D.A., Af:;ricnltural St;1tistics, 1972: data for Pennsylvani.n , 
1971 

(3) Pa. Crop Reporting Service, Harrisburg, personal communication: 
data for Somerset and Fayette counties, 1950, 1955, 1960, 1965, 
and 1970 

(4) U.S.D.A., Agricultural Statistics, 1973: data for Pennsylvania 
1972 - ' 

(5) Bob Fletcher, Horticulture Department, Penn. State Univ., personal 
communication; Feb. 28, 1975: data for U.S., 1970 

Figure 13 
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necessary to support the animal population and the rate of 

human food production by t~at population (figures 14-16). 

The maximum yields and corresponding fertilization rates 

for all food types within the "average" household's assumed 

diet, both plant and animal, are summarized in figure 17. 

Dividing the "average" household's demand for each food , 

product 'by the maximum yield of that product on our site's 

soil class gave the land demand for each product. These were 

summed for a total land demand of about five acres per house­

hold at maximum sustainable yield (figure 17). 

Multiplying the "average" household's land demand for each 

food product by the rate of fertilization at maximum yield on 

our site's soil class gave the pounds of nitrogen necessary to 

grow each crop. These also were summed for a total of 130 

pounds of nitrogen per household or an average application of 

26 pounds per acre at maximum yield. 

These two inputs fixed the starting point for the "house­

holds-per-acre" graph that we were seeking. Once we had deter­

mined the site's maximum yield (one household per 5.021 acres) 

and the rate of fertilization necessary to produce it (26.22 

pounds per acre), the rest of the graph of yield variation with 

fertilization rate followed automatically (figure 18). The 

yield is expressed in fractions of one household per 5.021 

acres, and the Baule units of fertilization are translated into 

tenths of 26.22 pounds of nitrogen per acre. 

Which point on this curve would be the actual yield for 

our site community remained to be determined as a function of 

how much fertilizer could be applied. As noted above in the 

Appropriate Technology section, the sole source of fertilization 

would be the recycling of human and animal wastes to the soil 

upon which their food was grown, in proportion to the nutrients 

withdrawn from each land area. Figure 19 shows the resulting 

total quantity (22.2 pounds) of nitrogen produced and returned 

to the soil by the "average" household. This quantity is shown 
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'i!:GG PRODUCTION RATE (MAXIMUM) 

Feed De1T1And 
col. 1 col. 2 col. J col. 4 col. 2 col. 6 

corn totrll corn oat total Ocl t 
birds per dem:ind demand demand demand 

bird population per year per year per year per year 
tvEe unit eer bird {col. 2Xcol. J) eer bi.rd ~col. 1Xcol. 4) 
layer 100 .7 bu 70 bu 2.3 bu 230 bu 
chick 100 .07 bu 2 bu .42 bu 4::> bu 
total 77 bu 272 bu 

Acrea~e and Fertilizer Demands 
col. 1 col. 2 col. 3 col. 4 col. 5 col,. 6 ----

nitro~en maximum acres per 
per acre per total population unit 
at max. acre demand at maximum total 

feed yield yield per yield nitro~en 
cro:e {q ~q year {col. 4Lcol. J) ~col. ·2xco l . S) 
corn 120 lb 100 bu 77 bu .77 ac 92.4 lb 
oats 30 lb 60 bu 272 bu 4.S~ ac Q5.9 lb 
tot,!ll 5.30 ac 228.J lb 

Production R'-l te 
Egg Production= (232 eggs/layer/year)X(100 layers/population unit) 

= 23200 e~gs/year/population unit 
119.ximum Egg Yield = (23200 eggs/year/pop'n unit)X(5.30 ac/pop'n unit) 

. = 4377 eggs/ac/year 
Net Nitrogen at l1aximum Yield= (228.J lb)/(5.30 ac) 

= 43.1 lb/ac . . 

M3.nure Production 
Nitroisen Production = (1.12 Tons manure/200 birds)X(29.9 lb N/Ton) 

= JJ.5 lb/popula tfon uni t/.yA?..r 

(1) WlyM Hinisch, A~ronomy 'Ex:tenshion, University P:irk, Fn., 
porson:il comrnunica tion, Fob. 27, 1975; and crop ratio t,_q blo 

Figure 14 
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CHICKEN MEAT PRODUCTION RATE (MAXIMUM) 

Production 
Pounds per Bird= (3 lb/bird at maturity) X (5.2 ~turities/vear) 

= 15.6 lb/bird/year 
Total pounds= (100 birds/population unit) X (15.6 lb/bird/y8ar) 

= 1,560 lb meat/population unit/year 

Feed Demand 
Corn Demand= (.02 bu corn/lb meat) X (1560 lb meat/year) 

= 31 bu/year/population unit 
Oat Demand= (.08 bu oats/lb meat) x·(1560 lb meat/year) 

= 125 bu/:rear /population unit 

Acrea~e and Fertilizer Dem~nds 
col. 1 col. 2 col. 2 col. 4 col. 2 

nitrogen acres per 
per acre population unit 
at maximum total at maximum 

feed maximum per acre demand yield 
croE viAld {q .:z:ield ~q Eer rear {col. 4L col. Jl 
corn 120 lb 100 bu 31 bu .)1 ac 
oats 30 lb 60 bu 125 bu 2.08 ac 
total 2.39 ac 

Production Rate 

col. 6 

total 
nitrogen 
{co'l. 2Xcol. 
37.2 lb 
62.4 lb 
99.6 lb 

!D 

.M!lximum Meat Yield= (1560 lb/population unit) X (1 pop.'n unit/2.39 ac) 
= 653 lb meat/ac 

Net Nitrogen at M'.lximum · Yield = (99.6 lb)/(2/)9 ac) 
= 41.7 lb/ac 

M4nurP. Production 
Nitrogen Production= (.56 Tons manure/100 birds) X (29.9 lb N/Ton) 

= 16.7 lb/population unit/year 

(1) W:tyne Hinisch, A~ronomv ~tension, University Park, Pa., 
personal corn.~unication, Feb. 27, 1975i and crop ratio ui.ble 

Figure 15 
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MILK PRODUCTION RATE (MAXIMUM) 

Production 
Production= (8,000 lb/cow/yr) X (30 cows/population unit) 

= 240,000 lb/population unit/yr _ 

Feed Demand (1) 
col. 1 
COW tVpA 
30 milkers 
1 bµll, 2 steers 
15 heifers 
total 

col. 2 
corn 
600 bu 
36 bu 
135 hu 
771 bu 

col. 3 
oats 
1500 bu 
87 bu 
315 bu 
1902 bu 

. Acreage and Fertilizer Demands 

col. 4 
legume hcl.V 

90 tons 
7.5 tons 
30 tons 
127 • .5 tons 

col. 5 
~astnre 

0 ac 
6 ac 
30 ac 
96 ac 

col. 1 col. 2 col. 3 col. 4 ~c~ol~•-5~---- col. 6 
maximum acres per 

total population unit 
demand at maximum total 

ni trop;en feed 
crop 
corn 
oats 

nitro~en 
per acre 
at max. 
yield 
(1) 
120 lb 
30 lb 
33 lb 
r-ecycle 

per 
acre 
yield 
(1) 
100 bu 
60 bu 
2.8 T 
.5 cow 

per yield 
y~ar (col. 4/col. 3) 
771 bu ?.7 ac 

(col. 2Xc o l. S) 
924 lb 

. hay 
pasture 
total 

Production Rate 

1902 bu 31.7 ac 
127 .5 T 45.5 a~ 
96 ac ~2_6_a_c ____ _ 

180.9 ac 

951 lb 
1501.5 l b 
recvcle 
3376.5 lb 

Maximum Milk Yield = (240,000 lb/pop'n unit) X (1 pop'n unit/1 80. 9 t'! C) 

= 1327 lb/etc 
Net Nitrogen at Mlximum Yield= (3376.5 lb)/(180.9 ac) 

= 18.7 lb/ac 

M~nure Production 
col. 1 

cow tyoe 
milker 
heifer 
TM.le 
total 

col. 2 
body 
wei~ht 
(1 1 000 lb) 
1.3 
.6 
·1.5 

col. 2 
ni trop;en 
per 1,000 
lb ~lb/yd 
151.2 
151.2 
151.2 

col. 4 col. 2 
numbAr 
of nitrogen per 
animals ~col. 2XcoJ. 
JO 5897 
15 1361 
3 681 

7939 

year (lb ) 
lXc ol. 4 ~ 

(1) Wayne Hinisch, A.~ronom.v E,ctension • Uni vers:i ty Park, P:i., 
persnnal communic~tion, Feb. 27, -1975; and crop ratio t<'lble 

li"in11ri::> 1 6 
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AGRICULTURAL LAND DEMAND PER'AVERAGE"HOUSEHOLD (AT MAXIMUM-YIEID) 

Acrea~e and Fertilizer Domands 
col. 1 col. 2 col. J 

food 
crop 
cabbage 
spinach 

nitro~en maximum 
per acre . per 
at max. acre 
yield yield 
(1) (1) 
16 lb 41400 lb 
16 lb 774 bu 

asparagus 16 lb 7000 lb 
green 

272 bu 

col. 4 

total 
demand 
per 
year 
70 lb 
3.7 bu 
23 lb 

col. 5 
acres per 
household 
at maximum 
yield 
(col. 4/col. 3) 
.00169 ac 
.oo478 ac 
.00329 ac 

2.6 bu .00956 ac 16 lb 

16 lb 
16 lb 

285 bu 1.7 bu .00596 ac 
11000 head 55 head .00500 ac 

120 lb 

16 lb 

16 lb 
16 lb 
16 lb 
20 lb 
18.7 lb 
80 lb 

16 lt 
16 lb 

41.7 lb 
30 lb 
4J lb 
16 lb 

31800 ear 

22500 lb 

18400 lb 
620 bu 
411 bu 
40 bu 
1327 lb 
30 bu 

440 bu 
45 bu 

653 lb 
60 bu 
4377 eg~s 
50 bu 

347 ear .01090 ac 

36 lb .00160 ac 

36 lb .00196 ac 
1.1 bu .00177 ac 
5.9 bu .01440 ac 
7.7 bu .19300 ac 
4372 lb 3.222 ac 
4.2 'bu .1400 ac 

1.8 bu 
.6 bu 

.00409 ac 

.0133 ac 

92 lb .1409 ac 
2.3 bu .0383 ac 
41+64 e. 1.020 ac 
.6 bu .012 ac 

col. 6 

total 
nitroi:;en 
(col. 2 Xcol. 5) 
.0270 lb 
.0765 lb 
.0526 lb 

.~530 lb 

.0954 lb 

.0800 lb 

1.J08 lb 

.0256 lb 

.OJ1li. lb 

.0283 lb 

.2301~ lb 
J.860 lb 
60.25 lb 
11.20 lb 

.065'+ lb 

.2128 lb 

5.876 lb 
1.149 lb 
43.86 lb 
.1920 lb 

peas 
green 
be.!lns 
lettuce 
shelled 
sweet 
corn 
winter 
squash 
summer 
squash 
carrots 
tomatoes 
wheat 
milk 
soybeans 
white 
potatoes 
rye 
chicken 
me~t 
oats 
eggs 
barley 
maple 
sue;ar 
lima 
beans 

(from forest land ...•........•..............•......... ) 

16 lb 
total 

Production Rate 

610 bu 1.1 bu .00180 ac 
5.021 ac 

Minimum Agricultural I.and Demand = 1 household/5.021 ac 
Net Nitrop:r-m at Minimum Demand = (131.7 i ,b)/(5.021 ac) 

' = 26.22 lb/ac 

.0288 Jh 
131.66 lb 

(1) \-hyno Hinisch, A~ronom.v Extension, University Park, Pa., 
porsomtl communication, Feb. 27, 1975; and crop ratio bible 

Figure 17 
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NITROG!i;N RECYCLED PER "AVER,\GE"llOUSEHOLD PER Y~AR 

col. 1 col. 2 

food 
use 
per 

source house 
dairy . 

col. J 
food 
production 
per 
population 
unit 

col. 4 , 
nitro~en 
production 
per 
population 
unit 

population 4J72 lb 240,000 lb 7,939 lb 

broiler 
population 92 lb 

layer 

16.7 lb 

population 4464 eg~ 23,200 egg JJ.5 lb 

col. ~ . ~ol. 6 
nitro'1;en nitrogen 
production production 
per food per 
production household 
!col. 4Lcol. 2l {col. ~Xcel. 

.033 lb/lb 
-.2 for pasture 
loss= .0165 72.1 lb 

.011 lb/lb 1.0 lb 

.001 lb/lb 4.5 lb 

2} 

human (5.79 lb N/individual X J.4 individuals ••••••••• ) _33 __ • __ 9_1_b ___ _ 

Average Nitrogen Application= 111.5 lb/household 
· + 5.021 acres/household 
= 22.2 lb/ac 

Figure 19 

111.5 lb 
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on the yield graph (figure 18), at the top of the straight line 

representing nitrogen produced by fractions of an "average" 

household ranging from .0 to 1.0 . This line intersects the 

supportable population curve nearly at the maximum yield, 

implying that the maximum sustainable yield could be achieved 

in our recycling system,and that 5.021 acres would be the 

actual agricultural land demand per "average" household. 

As noted in the Human Needs section, the "average" house­

hold would require approximately 7 million Btus annually in 

cooking energy, to be supplied by a wood stove as specified 

in the Appropriate Technology section. This would easily be 

incorporated within that 20 percent of the "average" househ o ld's 

space heating demand (20% of 66,330,000 Btus = 13,266,000 Btus ) 

also to be supplied by a wood stove. The consequent fo re s t 

land demand for cord wood production is tallied below u nder 

the Shelter section's discussion of space heating. 

Food storage areas, roqt cellars, lofts, and pantries, 

were assumed to have no specific land requirement of thei r own, 

but instead to be included within other built areas, such a s 

dwellings and barns. 

Shelter 

The spatial component of the popula t ion's need fo r 

shelter was expressed in terms of the requ i rement for buil t 

. land coverage, land therefore not productive o f food or t imber 

products. The land demand for buil t human s helter (dwelling, 

workshed, fenced yard; community facilities and roa dwa y s ) as 

estimated in the Human Needs section totaled 3665 squa r e fee t 

for the "average" household. To this we added t he bu i l t land 

required for animal housing, equipment, and feed s t ?rage 

{figure 20) and the built land required for timb er~ng equipment 

and wood storage to arrive at a total of 3920 sq. ft. or .09 

acre of built land coverage per "average" household (figure 21). 

The second major component of the human need for built 

shelter, the requirement for space heating energy, was determined 

' 
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BUILT LAND FOR ANIMALS 

Built I.and for Cattle per Household 
Area for Milkers= 4372 lb milk/average household/yr 

+ 8,000 lb/milker/yr 
= .55 milkers/household 
X 130 sq ft/milker . 
= ?1.5 sq ft/household 

Area for Heifers = .55 milkers/household 
X .5 heifer/milker 
X 70 sq ft/heifer 
= 19.3 sq ft/household 

Total= 19.J + 71.5 = 90.8 sq ft/household 

I -

Built I.and for Poultry per Household 
Area for Broilers= 92 lb chicken meat/household/yr 

-r 3.5 lb/broiler · 
X .192 yr lifetime/broiler . 
= 5.05· broilers/household st~nding crop 
X 2. sq ft/broiler 
= 10.1 sq ft/household 

Area for Broiler Chicks= 5.05 chicks/household 
X .8 sq ft/chick 
= 4.04 sq ft/household 

Are for I.ayers= 4464 e~gs/household/yr 
+ 232 eggs/layer/yr 
= 19.2 layers/household 
X 2. sq ft/l~ver 
= 38.4 sq ft/household 

Are~for Layer Chicks= 19.2 chicks/household 
X .8 sq ft/chick 
= 15.4 sq ft/household 

Total= 15.4 + 38.4 + 4.04 + 10.1 = 67.9 sq ft/household 

Figure 20 
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BUILT LAND DEMAND PER "AVERAGE" HOUSEHOLD 
(land not productive of food or timber) 

Built Area Type 

'Dwelling 

Workshed 

Chicken coop 

Wood storage 
(for 1 year) 

Windmill 

Yard 

Food and water storage 

Dairy barn 

Ti:rnber shed 

Community facilities 

Roadways (assuming 
20 ft. exclusive use 
for major roads ; 5 ft. 
for minor . roads) 

TOTAL 

Location 

Household 

Household 

Household 

Household 

Household 

Household 

Household 

Shared 

Shared 

Shared 

Shared 

Figure 2] 

Land Area Required 
(sq. f t. ) 

12 0 0 

150 

7 0 

6 0 

(overlaps oth er 
built areas ) 

1 6 0 0 

(overlaps o t her 
built area s ) 

9 0 

3 5 

1 5 

700 

3920 ' 
(. 09 a cre) 
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in the Appropriate Technology section to consist of 80 percent 

solar energy plus 20 perc~nt wood energy provided by stoves oper­

ating at an efficiency of 50 percent. The input to the carry­

ing capacity palculations will therefore appear · as a forest 

land demand for cord wood production. 

We took quantitative samples within the existing forested 

areas of the site and found the average non-fertilized rate of 

energy storage for both the oak areas (figure 22) and maple 

areas (figure 23). The rate of energy storage was virtually 

the same for both of the site's major forest types and for a 

variety of slope positions and orientations. Combining this 

rate of wood energy storage with the "average" household's 

wood heat energy requirement at the stove's efficiency of 50 

percent yielded a total forest land demand of 2.31 acres per 

·"average" household (figure 24). This would easily absorb the 
I' 

land area required for production of the maple syrup (figure 25) 

included within the "average" household's assumed diet (figure 

6) • 

Further miscellaneous energy demands related to the pro­

vision of built shelter (e.g., for lighting, appliances, com­

munications equipment) would be met, as specified in the Appro­

priate Technology section, by water and wind sources. 

We first considered energy generation bi water. Water 

power is a function of the stream's discharge and the vertical 

distance through which the water falls. Since a stream falls 

at a certain gradient (at a specific rate relative to its 

horizontal movement), we could, given knowledge of this 

gradient and of the stream discharge (commonly represented 

as "Q"), map water power per 100 feet of horizontal flow (by 

the equation in figure 26). 

The Stream Gradient for our site's Mose King Run was cal­

culated and mapped (Slide 9) directly from the topographic 

map. 

Low-flow stream discharge was then determined by corre­

lating direct measurements with U.S.G.S. records. Such records 
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OAK FUEL YIELD 

Sit e Ind ex 
Average Si t e Index= 75 {1,2,J) 

Cordage Yield 
col . 1 col. 2 

basal 
sq. ft. 

sampling per acre 
sta. tion ~4 ~ 
11 94.4 
12 10.5 
1J 72.5 
~verage 

Energy per Cord 
col. 1 

species 
black a.nd white oak 
ye l l ow birch 
beech 
weighted average 

Fuel Yield 

col. 2 col. 4 col. ,2 col. 6 
average avera~e cords 
dbh age per average yield 
(in) (yr) acre (cords/ac/ve.-;,,_r) 
(4 ~ ts' ~2) {col. 2L col. 4) 
9.3 32.0 0.5 
6.6 40 19.5 0.5 
5.1 30 14.o 0.2 

0.5 

col. 2 
Btux106 

col. 3 
Btux106 

col. 4 
BtuX106 

per cord per cord per cord 
(6) (7) average 
22.7 25.2 24.o 
21.3 15.75 18.5 
(eliminated by cutting • • ) 

22.0 

~ ximum Fuel Yield= 22,000,000 Btu/cord 
X 0.5 cord/a.c/yr 

= 11,300,000 Btu/ac/yr 

(1) Benjamin A. Roach and Samuel F. Gingrich, "Even-AP-"ed 
Silviculture for Upland Central Hardwoods", Agri. ">Handbo nk 
355 , u.s.D.A., 1968 

(2) Somerset County foterim 2211. Survf'ly Report, U.S.D.A. , 1969 
(3 } Slope Shape Map ' 
(4) on- site sample 
(5) l-'JB.rtin E. Dale, "Growth and Yield Pr~dictions for Upland 

Oak St.ands", Forest Research ,f'aper NE-241, U.S.D.A., 1972 
(6) ·Tom Bender , "Living Lightly", u. of MinnesotR, 1973 
(7), Paul Kelsey, "Firewood and the Fuel Shortage", in ~ 

Conservationist, Apr/May, 1974 

Figure 22 
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Growth per TrFlr-i 

col. 1 col. 2 coJ.. 3 ~.:;:..:.--=------ cu. ft. 
col. 4 

a~o. pl'Jr tre~ 
cu. ft. /vr 
p<3r treA 
(col. 3/col. 2) 
o.? 

species (3) ~~1~) __ 
S1J rT 1r rl:'.l!)lA ·30 (, .o 
hhck bir~h P() 1'i .?, 
y~llow hi.rr.h liO 1~.1 
beech ( elimin1 terl by .;;.:;..;;.;:;.~-----

0 .17 
0 .1 

cuttin~.,.) 
0.19 

Cordl'l.ga Yin ld 
Cor,h r;/3 Y:\. 0 lei = o.19 cu.ft./yr/treA 

X JSO tr~us/ac (2) 
X .~09 cord/cu. ft. (4) 

= .Al cor~/~c/vr 

Ene.rp;y per Cord 
col. 1 

sun"1r m1.ple 
hl-1.ck Mrch 
yfl11ow bi rch 
h9P.Ch 

fuP,l Yield 
1-1,ximum FuR 1 Yi,::, lo = 1 CJ , JOO, 000 Btu/cor<l 

~ o.61 c0r.n/ac/vr 
=1 l , ROO, 000 Btu/:rn /yr 

(1} 

(2) 
(J) 

( 5 ) 
( / ,) 
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FOREST ~ DEMAND f§J1 "AVEHAGE" HOUSEHOLD 

Hea t Energv Dem~nd 
Tot~l Gros~ Heat Demand = 10,000 Btu/de~ree a·ay/household (1 ) 

X 6,633 d~~ree davs/.vr Rt Ebensbur~, Pa. (2) 
= 66,330,000 Btl.t/vr/household 

Cooking ~ergv Dem~nd 
Gross Cooking Demand= 7,000,000 Btu/yr/household (3) 

Cordwood Demand 
Gr oss Cord wood Heat Demand = 1 ooi - soi heat from sun 

= 20% of Total Gross Heat Demand 
= 13,270,000 Btu/yr/household 

(Gross Cordwood Heat Demand thus absorbs Gross Cookin~ Demand) 
Net Cordwood Derrand = 13,270,000 Btu/yr/household 

X 5oi wood stove efficiency (1) 
= 26,540,000 Btu/yr/household 

Acreage Demand 
Forest I.and Dema.nd = 26,540,000 Btu/yr/household demand 

/ 11,500,000 Btu/ac/yr yield 
= 2.J1 ac/household 

(1) 

(2) 
(J) 

Dr. Jay Shelton, .Alysics Dept., Williams College, 
personal com.~unication, Feb. 17, 1975 
N.O.A.A., "Clim11.tes of the States: Pennsylv::tnia" 
Lawrence Spielvogel, Dept~ of Architecture, University of 
Pennsylvania, personal communication, Feb., 1975 

Figure 24 
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MAPLE FOREST LAND DEMAND 

Yield = .33 g-9.l syrup/tree (1) 
X 20 trees/ac (2) 

= 6.6 gal/ac 
Iand Demand= 11 -gal/average household 

+ 6.6 gal/ac 
= 1.6? ac/average household 

(1) U.S.D.A.~ A£7ricultur<ll StRtistics, 1941 
(2) Scott Near~g, !h2_ t1:lple Sugar ~ 

Figure 25 

WATER POWER PE.J. HORI ZONTAL DISTANCE 

Horsepower/100 ft= 62 •4 X Q X head /100 ft 
JJ,000 

62.4 head 
= JJ,000 X Q X 100 ft 

= .00189 X Q X stream gradient 

Figure 26 
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for a nearby gaging station established the ratios of the 50-

year, 30-day low flow to the Mean Annual Flood (figure 27) • 

Since we had previously established the Mean Annual Flood at 

several Mose King Run sampling stations while determining the 

site's Flood Hazard zone, each station's low flow could be 

found by simple multiplication (figure 28). A map of Stream 

Low Flow (Slide 10) then resulted from adding the flows at 

tributary junctions. 

Overlaying the discharge (Slide 10) and gradient (Slide 9) 

maps and employing the previously noted equation (figure 26), 

we produced the site map of Gross Water Power . (Slide 11). 

It is . readily apparent that the greatest concentration of 

water power lies in the ravine near the mouth of Mose King Run, 

where a large flow drops rapidly over the sandstone waterfalls. 

We therefore added up the full water power along this reach, 

as if a dam had been placed at the head of the ravine and a 

mill race extended over the length of the ravine. The total 

energy produced at low flow was only one-half of one horse 

power (figure 29). This implies that, while potentially of 

value for seasonal tasks at periods of higher flow, available 

water power at low flow would be small despite a large struc­

tural investment. 

Wind was the other potential power source assessed for 

the site. Wind power is a function of the generator's propeller 

size and of the wind veloci ty cubed. We took a low monthly 

average wind speed from climatic r ecords as the regional aver­

age low flow and found site variations from this average 

according to the likely interaction of the west-southwest wind 

with site topography (figure 30). We then mapped the site 

locations for above-average wind speeds at low flow (Slide 12). 

Assuming 500 feet as the spaci ng between banks of windmills 

and defining "efficient" windmills as those located where wind 

speed is at or above the average, we laid out the site's maxi­

mum efficient windmill array and added up the total power 
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STREAM LOW FLOW AT LAUREL HILL CR.E~K AT URSINA (1) 

30 Day low Flows 

q (cfs) 
4.?8 
5.59 
5.73 
6.61 
?.04 
7.12 
7.51 
7.61 
9.16 
9.66 
9.90 
10.00 
10.60 
10.90 
11.50 
11.90 
12.00 
12.20 
14.60 
14.70 
17.10 
18.70 
19.90 
20.00 
21.00 
21.40 
21.90 

Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

RI 
~ 
27 
18 
13.5 

RI = Years of Record+ 1 _ ~ 
Rank - Rank 

50 Year low Flow = 4.80 cfs 
Mean Annual Flood= 5393. cfs 
Ratio to Mean Annual Flood= .00089 

Q (cfs) 
22.30 
23.60 
24.40 
25.00 
25.30 
25.90 
27.50 
29.50 
32.60 
32.90 
33.10 
:33.70 
J4.4o 
J4.70 
35.20 
35.40 
36.50 
40.80 
41.10 
42.70 
44.90 
47.60 
52.40 
52.40 
53.90 
59.90 

(1) unpublished tabulation, U.S.G.S, Pittsburgh 

F i gur e 2 7 

Rank 
~ 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4.5 
46 
47 
48 
49 
50 
51 
52 
53 
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STREAM LOW FLOW AT SAMPLING STATIONS 

30 Day, 50 Year Low Flow= .00089 X Mean Annual Flood 

samplin~ 
s t ati on 
upper tri butary 

mean annual 
flood (1) 
52 cfs 

middle tribut~ry 63 cfs 

lower tributary 54 cfs 

headwa ter 73 cfs 

main be tween 
middle and upper 
tributaries 170 cfs 

ma.in between 
middle and lower 
tributaries 240 cfs 

main between 
mouth and lower 
tributary . 310 cfs 

(1) u.s.a.s., Flood Freguen~y, 

low flow 
.05 cfs 

.06 cfs 

.05 cfs 

.06 cfs 

.15 cfs 

.21 cfs 

.28 cfs 

Ohio River 

Figure 28 

Ba.sin 

' 
Potential 

relative 
elevation 
high 
average 
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TOTAL GROSS WATER POWER AT RAVINE 
at 30 day, 50 year at low flow 

col. 1 col. 2 col. J 
horsepower 

length per 100 horsepower 
(feetl feet {col. 1Xcol. 2~ 
700 .029 .203 
670 .012 .080 
450 .029 .130 
2,20 .050 .12i 
total .53 

Figure 29 

ABOVE AVERAGE WIND SPEEDS 

Miles Eer Hour Above Mean Monthly Wind SEeed 
head of top_of top of plateau 
WSW-facing NNW-SSE other or other 
bowl ridge ridge terr:-:1.ce toooC;r::tnhy 
3 2 1 1 <0 
2 1 0 0 <0 

All wind speeds are less if any trees, houses, windmills, or 
other obstructions are within 500 feet in any direction. 

Figure 30 



·1 bl f th t (f' 31) The total is as much as avai a e rom a array 1gure . 

one thousand times the water power available in the ravine a t 

stream low flow (depending upon the assumed propellor radius)• 

Because of this potentially high performance, even at low flow, 

and b e cause wind power is ubiquitous, we assumed wind-generated 

electricity to be the site population's supplemental power, 

usable for a variety of purposes according to the desires of 

the individual households to which the windmills would be 

assigned. These windmills would overlap other built areas, re­

quiring no specific land coverage allotment of their own. 

water 

Water was the third and final need category considered. 

Given the significant reductions in the "average" household's 

water demand through various conservation mechanisms (figure 5), 

the plentiful quantity of water provided by the site's fifty 

inches of annual precipitation, and the good quality of surface 

and shallow ground waters sampl ed, it was assumed that suffi­

cient good quality water would be available from the site's 

surface waters, cisterns, springs, shallow wells, and deep wells 

to supply any population which the site could feed and shelter. 

It was likewise assumed that no land would be required exclu­

sively for water treatment or storage . 

These assumptions are confirmed by the experience of 

current site residents, who depend almost entirely upon spring 

and shallow well water, finding these sources dependable even 

on the ridge tops and even du ring the site's rare periods of 

drought. 

Conclusion 

We summed all of the land demands resulting from our assess­

ments of the huma.n needs for food, shelter, and water (figure 32). 

We then added a forest land allotment of 20 percent for produc­

tion of exportable goods (such as lumber and maple sugar) to 

trade for necessary goods not producable on si t e. A further 

10 percent overall land allowance was finally added for the 

] 

POTENTIAL J?OWER FlliW MAXIMID1 EFFICIENT WI NDMILL ARRAX 

Ki lowatts= .00000806 x wind velocity3x leng~h of array x roto r 
radius 

Wind Velocity (V) = from Above Average Wind Speed map 

Length of Array= from Above Average Wind Speed ma p 
Rotor R·adius (r) = varies 

Number of Windmills= length of array/3r 

v3 
kilowatts 

V length at r = at r= at r= 
(mph) (mph) 3 (feet) 3 ft. 6 ft. 1 2 ft. 

1.0 343 2,650 22.0 44.0 88.0 
8 . 0 512 12,700 158.0 316.0 632 . 0 
9 .0 729 1,800 31.9 ' 63 . 8 1 27 .6 
10 .0 1,000 2,950 71. 7 1 43. 4 286.8 

t o t al kilowatts 283.6 567.2 1134.4 

n u mber of windmills 2,233 1,117 558 

Figure 31 
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TOTAL LAND DEMAND PER "AVERAGE" HOUSEHOLD 
AND MAXIMUM SUPPORTABLE POPULATION 

Agricultural I.and: Total: 5.021 ac 
!airy: J.222 ac 

Pasture: 1.110 ac 
Cattle Crop: 1.512 ac 

.Kitchen Garden: 1.799 ac 

For est land: 2.77 ac 
Cordwood: 2,31 ac 

Maple Forest: 1.67 ac 
Additional Cordwood: .64 ao · 

2oi Trading Factor: .46 ac 

Built Land: Total: .09 ac 

Energy ~nera tion Land: overlaps compatibly with agricultural and 
built land 

W:tter Storage !And: absorbed by built land 

---------------------------------------------------------------------
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satisfaction of human needs not' considered within the categories · 

of food, shelter, and water. 

A summary of ·1and demands by type is shown graphically in 

figure 33. Agriculture, dominated by dairy production land, 

is the largest of the three land use types . And the built land 

use is negligible compared to agricultural and forest uses. 

The total is then a little over eight-and-one-half acres 

per "average" household or two-and-one-half acres per person . 

Our site of approximately 1500 acres could t he n support 175 

households or 600 people (figur e 32). 

LAND DEMAND PER AVERAGE HOUSEHOLD 
{WITH EVENLY DISTRlBUTED ALLOWANCE FACTOR) 

Subtotal: 7,88 ac []---ONE ACRE 

10% Allowance Factor: .79 ac 

Total: 8.67 ac 

-----------------------------------------------------------------~---
M:1.ximum Supoort~ble Pooulation = 1518.89 ac/site 

X. 8.67 ac/household 
= 1?5.2 households/site 

Figure 32 

ARICULTURE 
5.52 AC '----o_:_r_2 __ ---L.I _K,_l_.7_~9_AR_o._l"----'-t-ALLOWANC E .50 

FOREST 
3 .05 AC 

CORDWOOD 
2.31 

BUILT . [ __ TOTAL 
,10 AC ~ 

-· .. _._ -TRADING .46 ~- -ALLOWANCE . • 28 

Figure 33 
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LAND USE SUITABILITIES 
Having found the populati o n which o ur site c o u ld s upport 

under the specified condit i ons of self-sustena n c e, we next pre-

d d · · lt 1 forest and built a reas o f the pare to esignate agricu ura, , 
site in proportion to t he population's demand for eac h o f t h ese 

· 1 · t to t hi s task · land uses (figure 33). The f irst essentia inpu 

was determination of site suitab i lities for these uses. 

We defined and indiv i d u a lly mapped suitabilities f o r agri ­

cultural and built shelter, the more intense and demand ing o f 

the t h ree land uses. Fo r est , t h e less intense use and t he o ne 

whose productivity h a d not b e en found to vary signif i c a ntly 

over the site, wou l d occupy the residual land. 

Agricultural Suitabil i ty 

According to t he l and demand summary (figur e 33), the 

majority of the site was required for agricultural u s e . 

Therefore we required suitab i lity criteria which could a p ply 

and discriminate widely over t he site. 

Since the soil's p rod u ctivity does not vary significantl y 

(figure 34)--S.C.S. Capabi l ity Cla ss 3 having been the only 

one used above in determining the agricultural land demand, 

suitabilities could not b e distinguished widely upon the basis 

of this criterion a lone. 

Erodibility, a functio n of $Oil character and slope, 

proved to be a more wi dely applicable criterion (figure 34) 

and a most essential one f o r s uch a system of long-term self ­

sustenance. Extensive ero s ion , likely if the site ' s steep 

valley walls were int e n s i v ely cultivated, would mean loss of 

non-ren~wable soil nutrients' a nd degradat i on of surface water 

quality. 

Flood h azard was a lso included as a fina l s uitability 

criterion (figure 34), because f loods could carry away mulc h 

and compost, which were the o n ly means assumed f or r ecycl i ng 

non-renewable soil nutr i ents and which are likewise poten tial 

sources of water pollution. 

. ,, 
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AGRICULTURAL SUITABILITY 

Soil Erodibilitz and Productivit:£ 
Soil-Slope ·&odibility Factor= K X (SL Factor at 1=200 ft) 

sloEe 
10-15% 0-10% 15-25% 25%+ scs 

5=med 12.5=med 20=med 30=med capability 
soil L_ ~ s1=2.1s ~ S!.Flarge class 
Atkins 7 har.arci present ••• ) 3 
Ernest .43 .32 1.18 {not present ••• ) 3 
Wharton .43 .32 1.18 {not present ••• ) 3 
Hazleton .24 .18 .66 {not present ••• ) 1 
Berks-Weikert .32 (not present ••• ) 1.89 large 3 
Gilpin-Rayne .32 {not present ••• ) 1.89 large 3 

Suit~biliti Classes 
1 : Erodibility Factor .18-.66; Capability Class 1 
2: Erodibility Factor .32-1.18; Capability Class 3 
J: Erodibility Factor 1.89; Capability Class 3 
4: Erodibility Factor 2.54; Capability Class 3 
5: Erodibility Factor 1.89; Capability Class 3; or 

Flood Hazard Area 

F i qure 34 

_/ 
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Within the s ite areas thus f oun d sui table f o r agr i c ulture 

(map no t inc l uded here), the steeper slopes and mo re poorly 

drained a reas were intended for perma nent pasture use, le~vi ng 

t h e b e t ter areas for crop/pasture rotations. 

Built Shelter 

While c onstituting only a small l a nd d emand u pon the site 

(figure 33), built shelter (as defined in the Appropriite 

Tec hnology section and as diagrammed in figure s 8-10) was fairly 

rigorous in its siting demands and therefore in its suitability 

crite ria . Many criteria were considered, but only a f e w served 

t o di s tinguish varying suitability over the site. 

The first criterion established was that requiring adequaie 

insolation, a function of slope aspect and gradient , for the 

shelter's solar space heating (figure 35). This implied either 

a flat site, a site sloping to the south, southeast, sout hwest, 

e a st, or west, or a site sloping to the north, n o rtheast, or 

northwest so gently (at 15 percent or less) that des i gn adapta­

tions could still provide adequate building exposure t o the 

south, southeast, southwest, east,and west. 

Slope gradient, considered as a factor in itself, was the 

second criterion (figure 35). For slopes of optimum aspect 

(south, southeast, or southwest) . or even good aspect · ( east o r 

west), moderate (10~25%) gradients would be best due to the 

trade-off between maximizing gradient to reduce heat loss from 

the solar-heated shelter which can then be built into , the slope 

and minimizing gradient to allow easy road access and to diminish 

potential soil loss. For slopes bf more difficult aspect (north, 

no rtheast, or northwest), minimal gradients (0-10%) would be 

bes t for purposes of solar space heating, road access, and soil 
loss reduction. 

Protection from the prevailing westerly winter wind was the 

thi rd criterion (figure 35). Therefore slopes of southeast 

aspect would be preferable to those of southwest aspect~ and 

slo pe s of east aspect to . those of west aspect. 

SLO 

CRITl:!ID:Az 
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BUILT SHELT3':R SUITABILITY 

Insolation, Slope Gradient, Wind Direction, 
Flooding~ Bedrock Depth, vhter Table Depth 

SUITABILITY DESIGNATIONS 
(Most Suitable= l; Least Suitable= 4) 

PE 
Degree 

0-10% 10-15% 15-25t 25%+ 
Aspec~ 

N 2 : 2 3 4 

NE 2 2 3 . 4 

E 2 1 2 3 

SE 2 1 1 2 

s 2 1 1 2 

SW 2 1 1 2 

w 2 2 3 3 

NW 2 3 4 4 

* 7\11 Flo od Hazardous .Areas Designated 4 

F i gur e 35 
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The necessity of excluding structures from the mapped 

Flood Hazard zone was the fourth criterion (figure 35). 

The potential soil criteria of depth to bedrock and depth 

to seasonally high water table balanced out within the site's 

soil series (those series characterized by greater depth to 

bedrock also being those with less depth to seasonal high water 

table and vice versa). Therefore these factors did not serve 

to distinguish varying suitability over the site. In addi­

tion, it should be noted with respect to all such soil factors 

as depth to bedrock, depth to water table, and erodibility, 

that these shelters would be modified in design and built 

by hand with an emphasis upon minimizing disturbances to 

existing soil and vegetation, as opposed to the average con­

temporary "development" of a site by massive mechanized site 

modification with an emphasis upon packing in a large number 

of structures of rigidly pre-determined design. 

The resulting map of built shelter suitability (not in­

cluded here) showed the best areas to be moderate south, 

southeast, southwest, and east facing slopes and the worst 

to be steep north, northeast and northwest facing slopes or 
those areas subject to flooding. 

Suitability Composite 

Having defined suitabilities for these two pre-emptive 

land uses, we placed onto a 'Suitability Composit~'map {slide 

13) the top three classes from the agricultural suitability 

map and the top two from the built shelter suita.bility map. 

The residual areas, designated suitable for neither agriculture 
nor built shelter, would go to forest use. 

The resulting pattern of suitabilities can be understood 

through a schematic section of the site (figure 36). The -level 
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ridge tops, valley bottom, and terrace are suitable for both 

agriculture and built shelter use. The gentler side slopes 

are suitable for agriculture and, with acceptable orientation, 

for built shelter, but the steeper side sldpe~ and the ravine 

at the stream's mouth are suitable only for forest use. 

We then measured the acreage of each of the suitability 

combinations on the Composite map and found their proportions 

conveniently close to the land demand proportions previously 

determined for those uses (figure 37). 

This implied that we could evaluate overall options for 

site layout in terms of the geographic pattern of the suit­

abilities. 

SOCIAL PROGRAM 

Having determined the size of the site community's popu­

lation, its acreage demands for each land use, and the site's 

varying natural suitabilities for these uses, our final design 

input co~sisted of a set of assumptions about the community's 

social structure, the Social Program (figure 38). 

Population Structure 

Drawing heavily upon the previous discussion in the Human 

Needs section plus several further assumptions about household 

structure within such a community {figure 39}, the Social Pro­

gram first more fully defined the character of the proposed 

population, · arriving at a set of "household types," which would 

constitute varying proportions of the site's 175 household total. 

For design purposes these replaced the concept of the "average" 

household used in carrying capacity · calculations. 

Organization of Labor 

Next the Social Program dealt with the proposed community's 

organization of labor, based upon previous assumptions about 

the Appropriate Technology to be employed in meeting the defined 

Human Needs. Central to the organization of labor was defini­

tion of "household" work on private property vs. "community" 

work on shared property (figure 38). 
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SITE LAND ALLOCATION 

Population Size 
Total Site Area= 1518.89 ac 
Total land Demand per Average Household= 8.67 ac 
Maximum Supportable Population= 1518.89/8.67 = 175.2 households 

Land Uses 

land use 

agriculture: 
and shelter 
not shelter 

not agriculture: 
and shelter 
not shelter 

total 

suitable 
acres 

942.06 
676.66 
265.40 

576.83 
216.87 
359.96 

1518.89 

total acres 
demand for 175.2 Acres 
households Difference 

agriculture: 967.63 -25.57 

forest: 533.83 +43.00 

shelter: 17.34 -17.34 

1518.89 %43.00 

F igure 37 
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SOCIAL PROGRAM 

Population Structure 

- "Stationary" population at site's self-sustaining 
carrying capacity 

- "Age-Sex" Pyramid specified 
- "Household Types" in proportions specified (see 

figure 39) 

Organization of Labor 

- Necessary labor and skills available 
- "Household" work (private property): 

- Dwelling 
- Human and poultry plant crops (kitchen garden) 
- Child and pet play (yard) 
- Maintenance and minor repairs (work shed) 
- Poultry (chicken coop) 
- Domestic energy generation (windmill) 
- Food and wood and water storage (cellar, wood 

shed, cistern) 
{Household property varies with size of each 
"household type") 

"Community" work (shared property): 
- Dairy (cattle crop land, pasture, barns) 
- Timber (forest, timber sheds) 
- Crafts/Repair 
- Trade 
(Community work evenly distributed among 
"household types") 

Spatial Structure 

- "Household" elements contiguous 
"Neighborhoods" 

- Households grouped into "neighborhoods" 
offering ready access between households 
within a natural site division 

- Neighborhood facilities: common street(s), 
water well(s), dairy barn, timber shed 

(Neighborhoods include even distribution of 
"household types") 

- "Community" 
- Neighborhoods . linked into one site "community" 
- Community facilities: 

"Barn" meetinghouse and school 
"Pasture" sport and fair grounds 
Inn-Pub-Cafe 
Doctor-Vet-Constable Offices 
Volunteer Fire Dept.-Heavy Equipment Shop­

Blacksmith 
{Located within easy access of all neighborhoods) 

Figure 38 

Assume: 
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ASSUMF..D HOUSEHOIJ) ~ 
(for use in community design} 

1. Age/Sex fyra.Mid Previouslv Determined for "Stationary" 
U.S. Population. 

2. A~e Class Breakdown of < 25 years, 25 .. 60 years, and >60 years . 

J. All People Live in Households of At Leas t 2 People. 

4. When Person <25 years, Ha Lives with People 25-60 years. 

5. vmen Person >60 years, if Single or Widowed, He Lives with 
People 25-60 years or with Another Person >60 years. 

Household~ 

A. Childless Married 
Couple OR 113.rried 
Couple Whose Chil­
dren Are Grown OR 
Unmarried Roommates 

B. M9.rried Couples 
with Children 

C. Ma.rried Couples 
with Children ~nd 
One Older Relative 

D. Two Single-Parent 
Families with One 
Older Relative 

E. Childless Married 
Couple OR Couple · 
whose Children Are 
Grown with One 
Oldor Relative 

G. Older Married Couple 
OR Two Older Sin~~le/ 
Widowed RooTTUM.tes 

~ and Ages of Members 
within lli ~ousehold 

f 2. 

r 2. 

Two Persons 25-60 years 

Two Persons 25-60 years 
One Person <25 years 

Two Persons 25-60 years 
Two Persons <25 years 

Two Persons 25-60 years 
One Person < 25 years 
One Person > 60 years 

Two Persons 25-60 years 
Two Persons 25 years 
One Person 60 yea.rs 

Two Persons 25-60 years 
Three Persons< 25 years 
One Person .,. 60 years 

Two Persons 25-60 years 
One Person . > 60 years 

(

1. Ttio Married Persons 
> 60 yea.rs 

2. Two Roommates ) 60 years 

F igure 39 

The Type's t 
of Total 
Househol ds 
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Included in household work were small-scale tasks requir ing 

close individual attention and a minimum of specialized knowledg e 

and e qu i pment. Examples would be cultivation of the small 

kitchen garden of human and poultry plant crops and care of the 

hous e hold's chicken flock, often fed leftover human foods as 

well as kitchen garden crops. 

Community work encompassed those tasks more efficiently 

performed on large land areas (often of unevenly distributed 

site suitability), demanding cooperation among a large number 

of l a borers, and specialized knowledge and/or equipment. 

Examples of on-going community work would be timbering or care 

of the dairy herds (appropriate since the average household 

requires only .55 dairy cow to satisfy its needs). Seasonal 

community work would include the fall's harvest of dairy crops 

and the spring's maple sugaring. 

Spatial Structure 

Finally the Social Program outlined the spatial impli­

cations of the community's assumed social structure (figure 38). 

There would be three major levels of spatial organization: the 

"household," the "neighborhood," and the "community." The 

nature of the household's work and associated property, all of 

which would be contiguous, were noted above. The neighborhood 

would consist of a number of closely interacting households, 

located within a natural physiographic site division, sharing 

specified facilities, and cooperating in carrying out their 

portion of the previously noted community work. The site 

community as a whole would consist of several neighborhoods, 

physically linked and sharing a set of unique community facili­

ties located within easy reach of all neighborhoods. 

DESIGN: 

COMMUNITY 

After completion of the th · · . ree maJor inputs to the community's 
de~i~n~ carr~ing capacity analysis (figure 32), land use suit-

abilities (slide 13 and figure 36), and social program (figure JS), 
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we first employed them in evaluating overall community layout 

options, both as concepts and as "yellow trace" site map over­

lays. The chosen option then guided us in detailed community 

design, during which we worked directly over the suitability 

composite map, while keeping in mind the spatial implications 

of the carrying capacity analysis (as to the total supportable 

population and the acreage demand for each land use type) and 

social program (as to the social structure). 

Examination of the major options which we considered begins 

below with those found to be in greatest conflict with the 

design inputs and continues through to that option selected 

and developed in detail. 

Option l (figures 40 and 41) would disperse the population 

as widely as possible, dividing the site into 175 s e lf-sustaining 

households, each of which would contain its share of all the 

required land uses, including dairy and forest a rea s in addition 

to the social program's specified kitchen garde n and built 

shelter household components. As well as thus v iolating t he 

social program's assumptions about the nature of community work 

(shared property) vs. household work (private property), this 

option would often . also necessitate disregard for the mapped 

l and use suitabilities, since most parcels of the required size 

(a little over eight-and-one-half acres) would not include the 

full range of suitable forest, agriculture, and built shelter 

areas. 

Option 2 (figures 42 and 43) would concentrate thep:)pu­

l ation as closely as possible, packing all of the puilt shelter 

a r ea into the lower valley. Kitchen garden , forest, and dairy 

lands all would lie outside. This option, unlike the first 

and like all of the others which follow, would satisfy the 

pattern of land use suitabilities. But, unlike all the other 

options, by separating the kitchen gardens from the built 

s helter ar~as it would contradict the social program's stipu­

lation that all components of the household's work and property 
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b e cont iguous. Further inefficiency would result from the long 

distances which people and materials must travel to and f rom 

timber and dairy work areas at the site's extremities. 

Option 3 and all of the others below follow the established 

pa ttern of land use suitabilities, the social program's recommenda­

tions as to the appropriate work and property distinction between 

household and community, and the social program's suggestion that 

all household components, including the kitchen garden, be contig­

uous . Options 3 through 7 differ in the ways and in the degree 

to which they meet the social program's further indications that 

households be grouped into neighborhoods defined by natu ral s ite 

d i visions and that these neighborhoods be linked strongly into a 

single site community. 

Option 3 itself (figures 44 and 45) would place all house­

holds along the level ridge tops which rim the site. The ridge 

c onfiguration would permit concentration of the households into 

neighborhoods, but would make their linkage into a single com­

munity awkward due to the site's vacant center. In addition, 

the option would be inefficient in requiring uphill transport of 

all dairy and forest products for household consumption. 

Option 4 (figures 46 and 47) would group the households into 

several ridgetop or valley bottom neighborhoods. Physical link­

age of the neighborhoods into one community would still be some­

what difficult. But social linkage would likely prove even more 

difficult due to the development of an "upper" neighborhood-­

"lower" neighborhood distinction comparable to that now found 

among site residents. The ridge tops now bear the more pros­

perous dairy farms, while the valley contains the smaller and 

less prosperous holdings and the newly arrived trailers. While 

somewhat more efficient in terms of material distribution than 

previous options, the ridgetop neighborhoods would still demand 

uphill transport of timber. 

Op~ion 5 (figures 48 and 49), unlike any previous option, 

would concentrate the households into neighborhoods each of 
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which would be organized about a vertical axis running up one of 

the gentler side slopes. Since every neighborhood would en­

compass a full range of topographic positions, the stigma of 

the "valley" vs. the "ridge" neighborhood would be more easily 

avoi~ed, and a wider range of household siting options would 

exist to meet the varying desires of individual householders 

within the neighborhood. This option is the most efficient con­

sidered so far in that dairy and timber products could be dis­

tributed to all neighborhoods largely through horizontal move­

ment over relatively short distances. 

Linkage of the neighborhoods irito a single site community 

clearly would be possible with option 5 and is accomplished in 

option 6 {figures 50 and 51) by a _strong central valley bottom 

spine. Differing only in this respect and possessing all of 

option S's other advantages, option 6 was considered to best 

satisfy the three major design inputs; We therefore chose it 

for further development into a detailed community design through 

the manner described at the beginning -of this section. 

The resulting "Community Structure" is shown most explicitly 

in the color diagram (slide 14), but is also implied in the plan 

sketch of option 6 {figure 51). 

There would be four neighborhoods, each organized about a 

road running up the valley wall on gentler slopes of suitable 

aspect for built shelter. Each neighborhood would include a 

dairy barn and a timber shed lying on immediately adjacent 

pasture and forest ~ands {with two structures of each type for 

the largest neighborhood located on the terrace to the northwest). 

several of the dairy barns would consist of existing structures 

of appropriate size and condition. 

The neighborhoods would be joined by a community link road 

lying along the valley bottom just to the north of the stream. 

The major community facilities would be centrally located ~long 

this link at the entry point for the road leading to the 

southern most neighborhood and near the mainstream's junction 

with a major tributary. 
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"Site Circulation" (slide 15) would depend upon a hier­

archical system of "major" roads, "minor" roads, and "paths." 

Most of the community's major roads (figure 52) would 

coincide with the existing system of two-lane asphalt roadways 

which usually follow the most logical routes through the site's 

difficult terrain. This system consists of a ridgetop circuit 

of the site which is transected by a valley bottom link and 

which is extended on the south and east to meet area highways. 

The small segment of major road to be added (in order to provide 

uphill access to households lying along the valley bottom link) 

would consist of crushed shale obtained on site. 

The minor roads (figure 53) would run up the gentler side 

slopes, thereby connecting the major roads, which lie in the 

valley bottom and on the ridge tops. They would serve as the 

common streets of the neighborhoods, with households feeding 

horizontally off and vertically down from them. 
The paths (figures 54-56) would represent shortcuts, often 

somewhat steeper than major or minor roads, between dairy or 

timber work areas and living areas, or between living areas and 

community facilities. 
All circulation ways would be accessible to pedestrians, 

bicycles, driven cattle, ox-drawn wagons or skids, and, in most 

cases, also ··to jeep-type motor vehicles from outside the com­

munity. Road beds would consist of local crushed shale. Walls, 

placed to protect trees from cattle damage, would consist of 

local sandstone. 
Hedgerows along circulation ways would be composed prin-

cipally of sugar maples, facilitating sap collection and transport. 

The illustrative "Site Plan" {slide 16) at the scale of 

one i~ch to 500 feet shows all community elements in place on 

the site, including areas of forest, permanent pasture, and 

cattle crop/pasture rotation, c i rculation ways, dairy barns, 

timber sheds, major community facilities, and all 175 households 

composed of dwelling complexes plus kitchen gardens. 
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The major communi t y facilitie s , als o shown in a closer plan 

view (slide 17), would be centrally l ocat ed along the valley 

bottqm community link r oad at a major c rossroads joining the 

community's neighborhoods and joining the commun ity with the 

region beyond. A major tributary joins the mainstream adjacent 

to the community fac i lities site and would be bridged at its 

southern boundary. The freestanding "barn" (serv i n g as a com­

munity school and all-purpose meetinghouse) would lie within 

the open "pasture " (serving as a sport and f air grounds), which 

covers the southe rn and eastern three-quarter s of t h e facilities 

site. Three addi t i onal "bank"-style structures (housing the 

inn-pub-cafe, doc tor-vet-constable offices, a nd volunteer fire 

department-heav y equipment shop-blacksmith) j oined by an arcade 

and common sitti ng area would face immediate l y onto the community 

link road at t he site's northern limit. Several off-street park­

ing places would extend off the road in front of the structures 

at their main lev els. A larger special - occasion parking area 

would lie to the south of these three struc t ures, offering entry 

to their lower lev e ls, and to the nor th o f t he barn. 

Neighborhood 

The natur e of the "neighborhood 11 within the community is 

illustrated by the e xample of the site's nor thea stern most 

neighborhood, s hown in plan at the scale of one inch to 200 feet 

(slide 18). Thi s neighborhood would be typical in consisting 

of households double-loaded along a mino r road rising from the 

community's cent e r link road up a gentle v alley wall slope (of 

proper aspect fo r built shelter sp~ce hea ting) to the ridge top 

road which rims the s ite. Level a ccess to the households would 

lie horizontally o ff the neighborhood r oad. 

The spacing a nd configuration of the households along this 

road could vary with the neighborhood' s c h anging topography in 

order to offer a lifestyle option to prospective residents. 

Near the top of the road where the slope i s gentl er, ' the house­

hold lots would be shorter and wider, and the dwellings could 
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assume a clustered configuration, commonly in groups of three. 

Near the bottom of the road where the slope is steeper, house­

hold lots would be longer and narrower, and the households would ·· · 

assume a linear configuration along the roadway. 

Household lot sizes would change according to the differing 

space needs of the established household types within the neigh­

borhood (figure 57). 

Section-elevations of this neighborhood (slide 19) at the 

scale of one inch to 40 feet offer more direct views of its built 

appearance and of the relative spacing of dwellings within the 

cluster and linear configurations. 

Household 

Finally, typical households of the "Clustered Dwelling" 

(slide 20) and "Linear Dwelling" (not included here) types from 

the same neighborhood were detailed in plans at the scale of one 

inch to 40 feet. Each plan shows the interrelationship of the · 

households and the layout of components within each household lot. 

The general path, row crop, and orchard layout of the kitchen 

garden is shown for all households and is detailed for one 

(figure 58). Orchard trees would lie within the shade-tolerant 

grain crops, serving as food producers, micro-climatic moderators, 

and v i sual amenities within the household complex. 
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HOUSE~OLD LA.ND ALLOCATIONS 
WITHIN NEIGHBOITTi'ooo ILLUSTRATED 

Household~* Number in Nei15hborhood 
(assuming even distribution) 

A. 

B 
1 
2 

C 1 
2 

D 

E 

F 

* 

TOTAL OF 

6 

4 
5 

2 
3 

4 

2 

5 

31 HOUSEHOLDS 

See Household Types definition (figure 39) 

Figure 57 

A.ere age per 
Household 

1.2 

1.8 
2.4 

1.8 

1.2 

PE.~­
MANENT 

ROTATION 
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KITCH €N GARDEN 
(for ttaverage'' household) 

Grains 

Barley 
Oats 
1'}re 
vheat 

.JieaY7 Feeders 

Cabbage 
Spinach 
Lettuce 
Squash 
Corn 
Tomatoes 
Asparagus 

Light Feeders 

Green beans 
Soybeans 
Carrots 
Green peas 
Lima beans 
Potatoes 

~ r: {Grains 
~ § I SEPARATE 
~~-I ROTATION Corn 
~ '- Oats 

Figure 58 

.0120 ac. 

.0383 ac. 

.0133 ao. 

.1930 ac. 

.0017 ac. 

.0048 ac. 

.0050 ac. 
~0036 ac. 
.0109 a.c. 
.0144 ac. 

. • 0033\ ac. 

.0060 ac. 

.1400 ac. 

.0018 ao. 

.0096 ac. 

.0018 ac. 

.0041 ac. 

.1651 ao. 

.9958 ac. 

TOTAL 

(.2_566 ac.) 
• 2823 ac. W.o. allowance 

( .0437 ac.) 
.048l ac. w. aliowance 

(.1~33 ac.) 
.1796 ·a.Q,. ,.,_ ,~llowance 

(1.l&o9 ac.) 
1~2770 ac. w.' allowance 

1.787 ac. w. allowa-~ce 



-94-

BIBLIOGRAPHY: 

INTRODUCTION 

~ Cerro Gordo Experiment: A Land Planning Package. Cottage 
Grove, Ore.: Town Forum, Autumn, 1974. 

Daly, Herman E., ed. Toward A Steady-State Economy. San 
Francisco: W. H. Freeman, 1973. 

Ehrlich, Dr. Paul R. How to Be a Survivor. New York: 
Ballantine, 1971. 

Ehrlich, Paul R. and Anne H. Ehrlich. Population/Resources/ 
Environment: Issues in Human Ecology (2nd ed.). San 
Francisco: w. H. Freeman, 1972. 

Kains, M. G. Five Acres and Independence: A Handbook for 
Small Farm Management. New York: Dover, 1973. 

Kern, Ken. The Owner-Built Homestead. Oakhurst, Calif.: 
Owner-Builder Publications, 1974. 

Langer, Richard w. Grow It! New York: Avon, 1972. 

Meadow~, ~onella, Dennis L. Meadows, J¢rgen Randers, and 
William W. Behrens, III. The Limits to Growth. New 
York: Universe Books, 1972. 

Milton, John P. "Communities that Seek Peace with Nature" 
The Futurist, December, 1974. · ' 

Nearing, Helen and Scott. LivinS the Good Life: How to Live 
Sanely and Simply in a Trou led World. New York: 
Schocken, 1954. · 

Odum, Howard T. Environment, Power, and Society. New York: 
Wiley-Interscience, 1971. 

Robinson, David. T.he Complete Homesteading Book. Charlotte, 
Vt.: Garden Way, 1974. 

Schumacher, E. F. Small i's Beauti'ful·. E · 'f conomics As i People 
Mattered. New York: Harper and Ro~w~,-;ln9~7~3~.-...;;;.;;;_;;~_;:;:_~~-;.=-=. 

.,..95_ 

Shuttleworth, John. "Plowboy Interview," The Mother Earth 
News. No. 31, January, 1975. 

I. INVENTORIES 

A. SITE'S NATURAL FEATURES 

Academy of Natural Sciences of Philadelphia. Dept. of Limnology. 
Student Chemistry Methods Manual. Philadelphia, 1974, 
unpub. 

Brady, Nyle C.· The Nature and Properties of Soils (8th ed.). 
New York: MacMillan, 1974. 

Buol, S.; W. et al. so•il Genesis and Classification. Ames, Ia. : 
Iowa State University Press, 1973. 

Flint, Norman K. 
burg, Pa.: 

Geology of Southern Somerset County. Harris­
Pennsylvania State Geological Survey, 1965. 

Powells, H. A., comp. Silvics of Forest Trees of the United 
States. u. S. Dept. of Agriculture. Forest Service. 
Div. of Timber Management Research. ("Agriculture Hand­
book No. 271.") Washington: U.S. G.P.O., 1965. 

Leak, William B., et al. A Silvicultural Guide for Northern 
Hardwoods in the Northeast. u. S. Dept. of Agriculture. 
Forest Service. ("Forest Service Research Paper NE-143.") 
U.S. G.P.O., 1969. 

Leopold, Luna. Lectures. Academy of Natural Sciences of 
Philadelphia. Stroud Laboratory. November 2-3, 1974. 

United States. Dept. of Agriculture. Soil Conservation 
Service. Soil Survey of Fayette County, P.a. Washington: 
U.S. G.P.O., 1973. 

United States. Dept. of Agriculture. Soil Conservation Service. 
Soil Survey of Westmoreland County, Pa. Washington: U.S. 
G.P . O., 1968. 

United States. Dept. of Agriculture. Soil Conservation Ser­
vice. Somerset County, Pa.: Interim Soil Survey Report. 
Vol. I, Soil Interpretation, 1969. 

United States. Dept. of the Interior. Geological Survey. 
Flood Frequency: Ohio River Bas-in. · 



-96-

United State s. Dept. of the Interior. Geologica l Survey. 
"Low Fl ow Table for Laurel Hill Creek at Ursina, Pa." 
Pittsburgh, unpub. 

Uni t ed St a t e s. National Oceanic and Atmospheric Adminis t rat i on. 
Clima t e of Pennsylvania. ("Climatography of the U.S., No. 
60-36.") Washington: U.S. G.P.O., 1971. 

B. HUMAN NEEDS 

ASHRAE Handbook of Fundamentals. New York: American Soc i e t y 
o f Heating, Refrigerating, and Air-Conditioning Engineers , 
197 2 . . . . 

Bailey , James R., et al. A Study of Flow Reduct i on a nd Treat­
ment of Waste Water from Households . General Dynamics , 
Electric Boat Div . for the Dept. of the Inter ior, Federal 
Water Quality Administration, Advanced Waste Trea tment 
Research Laboratory. Cincinnati, December, 1969. 

Bender, Tom. Assoc. Professor of Architecture, Un i v. of 
Minnesota. Living Li,htly: Energy Conservation i n 
Housing. October, 19 3. 

Bogue , Donald J. Princip.les of Demography. New York: J ohn 
Wiley and Sons, Inc., 1969. 

Cl ark, Peter. Natural Energy Workbook. Berkeley: Visual 
Purple, 1974. 

Clegg, Peter. Low Cost Sources of·· Energy .for the Home. 
Charlotte, Vt.: Garden Way, 1975. 

Energy Primer: Solar, Water, Wind, and Biofuels. Menlo Park, 
Calif. Portola Institute, 1974. 

Ka ins , M. G. Five Acr:es and Independence: A Handbook ·for small 
Farm Management . New York: Dover, 1973. · . · 

Kern, Ken. The Owner-Built Homestead. · oakhurst, c l'f ----r-=r-,.--=-_,-=-.,.;.;.;;;.~.,..;.:;;.~~.,;:.;;.;::::.:;:. a i • : 
Owner-Builder Publications, 1974. 

La nger, Richard w. Grow It! New York: Avon, 1972. 
,, 

La ppe, Francis Moore. Diet f ·or a Small Planet. New York: 
Ballantine, 1971. 

The Mo ther Earth News Handbook of Homemade Power. New York: 
Bantam, l974. 

-97-

National Academy of Sciences--National Research Council. 
Recommended Dietart Allowances. ("National Research 
Council Pub. 1964. ) (7th ed.) Washington, 1968 . 

Nearing, Helen and Scott. Livin~ the Good Life: How to Live 
Sanel~ and Simply in a Trou led World. New York: 
Schee en, 1954. 

Pennsylvania State University College of Agriculture~ Extension 
Service and the Institute for Research on Land and Water 
Resources. Water Conservation and Waterflow Reduction in 
the Home (-Special circular 184 11 ). University Park, nd. 

Robinson, David. The Complete Homesteading Book. Charlotte, 
Vt.: Garden Way, 1974. 

Shel t on, Jay. Williams College. Dept. Df Physics. Personal 
comrnunicatio~, February 17, 1975. · 

Spielvogel, Lawrence. University of Pennsylvania. Dept. of 
Architecture. Personal communication. February, 1975. 

Stoner, Carol Hupping. Producing Your Own Power. New York: 
Vintage, 1974. 

Szczelkun, Stefan A. Survival Scrapbook #2: Food. New York: 
Schocken, 1973. 

Szczel kun, Stefan A. Survival Scrapbook #3: Energy. New York: 
Schoc ken, 1974 . 

Uni ted States. Dept. of Agriculture. Food for Us All. ("Year­
book of Agriculture 1969.") Washington: U.S.G.P.O., 1969. 

Uni ted States . Dept . of Health, Education, and Welfare. Public 
Health Service. Health Resources Administration. National 
Center for Health Statistics. Vital Statistics of the U.S. 
--1969 (Vol . II - Mortality, Part A, Sect. 5). 

Watt, B. K. and A. L. Merrill. Composition of Foods--Raw, 
Processed, Prepared. U.S. Dept. of Agriculture ("Agri­
culture Handbook No. 8 11 --rev.) Washington: u.s.G.P.O., 
1 963 . 

Wo h l , M. G. and R. s. Goodhart, ed. Modern Nutrition in Health 
and Disease. Philadelphia: Lea and Febinger, 1968. 



-98-

C. APPROPRIATE TECHNOLOGY 

ASHRAE Handb9ok of Fundamentals. New York: America n soc i e t ~g7~~ating, Refrigerating, and Air-Conditioni~g Enginee~s, 

Bender~ Tom. Assoc. Professor of Architecture, Univ. of 
Minn~sota. Living Lightly: Energy Conservation i n 
Housing. October, 1973. 

Clark, Peter. Natural Energy Workbook. 
Purple, 1974. -- Berkeley: Visuai 

Clayton, W. P. Wallasey Borough Architect. "Notes 

FNewb St. George's Secondary School Leasowe (Soloa· rn the 
e ruary 8, 1966. ' Schoo l )," 

CleggChPeier. Low Cost Sources of Energy for the Home. 
ar otte, Vt.: Garden Way, 1975. 

Coleman, Peter. Wood Stov. e Know-how 
Garden Way, 1974 • · Charlotte, Vt. ·'t 

Daniels, Far~ington. Direct Use of the 
· Ballantine, 1964. . Sun's Energy. New York: 

Energy P:imer: Solar, Water, Wind, and Biofuels. 
Calif.: Portola Institute, . 1974. Menlo Park, 

Gay, VLatr:y. The Complete Book of Heating ·wi· ·t ·h· 
•· Garden Way, 1974. Wood. Charlotte, 

Hitchen, E. R et al "Th .Th • , • e ermal D · 
St. George's County Secondary S hesign and Performance of 
of the Institute of Heating andc oo ! Wa~lasey," Journal 
January, 1966. - Ventilating Engineers, 

K . 
ains, M. G. Five Acres and Inde 

Farm Management New Y k pendence: A-=-:-_H_a_n_d~b~o~o~·k:.::_·~f~o~r:.....!:S~m~a~l~l~ ---__;.;;.;;;:..j~:::..::;= • or : Dover, 197~~ 

Kern,OwKen. T~e Owner-Built Homestead 
ner-Builder Publications, 1974: Oakhurst, Calif . : 

Langer, Richard w. Grow It! New York: 

Lappe, Francis Moore. Diet for 
Ballantine, 1971 • a Small Planet. 

Avon, 1972. 

New York: 

The Mother Earth News Handbook of 
Bantam, l974. Homemade Power. New Yorki 

-99-

Nearing, Helen and Scott. Livin£ the Good Life: How to Live 
Sanel~ and Simply in a Trou led World. New York: 
Schoc en, 1954. 

Nearing, Helen and Scott. The Maple Sugar Book. New York: 
Schocken, 1950. 

Olgyay, Victor. Design with Climate. Princeton: Princeton u. 
Press, 1963. 

Robinson, Daniel. The Complete Homesteading Book. Charlotte, 
Vt.: Garden Way, 1974. 

Seymour, John and Sally. Farming for Self-Sufficiency: Inde­
pendence on a 5-Acre Farm. New York: Schocken, 1973. 

Shelton, Jay. Williams College. Physics Dept. Personal 
communication. February 17, 1975. 

Stoner, Carol Hupping. Producing Your Own Power. New York: 
Vintage, 1974. 

Szczelkun, Stefan A. Survival Scrapbook #2: Food. New York: 
Schocken, 1973. 

Szczelkun, Stefan A. Survival Scrapbook #3: Energy. New York: 
Schocken, 1974. 

Wat t, B. K. and A. L. Merrill. Composition of Foods--Raw, 
Processed , Prepared. u. S. Dept. of Agriculture ("Agri­
culture Handbook No. 8"--rev.} Washington: U.S.G.P.O., 
1963 . 



-100-

II. DESIGN INPUTS 

A. SELF-SUSTAINING CARRYING CAPACITY 

Baker, Dale. Pennsylvania State University. Dept. of Agronomy. 
Personal communication. February 26, 1975. 

Brady, Nyle C. 
New York: 

The Nature and Properties of Soils (8th ed.). 
MacMillan, 1974. 

The Cerro Gordo Experiment: A Land Planning Package. Cottage 
Grove, Ore.: Town Forum, Autumn, 1974. 

Clark, Peter. Natural Energy. Workbook. Berkeley: Visual 
Purple, 1974. 

Clegg, Peter. Low Cost Sources of Energy for the Home. 
Charlotte, Vt.: Garden Way, 1975. 

Dale, Martin E. Growth and Yield Predictions for Upland Oak 
Stands. u. s. Dept. of Agriculture. Forest Service 
("Forest Research Paper NE-241"). Washington: U.S.G.P.O., 
1972. 

Deane's Agricultural Report: Reference Volume. St. Louis, Mo.: 
Doane Agricultural Service, 1965. 

Deane's Facts and Figures for Farmers (2nd ed.). St. Louis, 
Mo.: Doane Agricultural Service, 1974. 

Energy Primer: Solar, Water, Wind, and Biofuels. Menlo Park, 
Calif.: Portola Institute, 1974. 

Fletcher, Robert. Pennsylvania State University. Dept. of 
Horticulture. Personal communication. February 28, 1975. 

Powells, H. A., comp. Silvics of Forest Trees of the United 
States. U. s. Dept. of Agr iculture. Forest Service, 
D1.v. of Timber Management Research. ("Agriculture Hand­
book No. 271.") . Washington: u.s.G.P.O., 1965. 

Hinish, Wayne. Pennsylvania State University, Agronomy Exten­
sion Service. Personal communication. February 27, 1975. 

Kelsey, Paul. "Firewood and the Fuel Shortage," The Conserva­
tionist, April-May, 1974. 

Langer, Richard W. Grow It! New York: Avon, 1972. 

Leak, William B:, et al. A Silvicult~ral Guide for Northern 
Hardwoods i~ the N~rtheast. u 7 s. Dept. of Agriculture, 
Forest Service. ( Forest Service Research Paper NE-143.") 
u.s.G.P.o., 1969. 

. 7 

-101-

McKee, Guy. Pennsylvania State University. Dept. of Agronomy. 
Personal communication. February 25, 1975. 

Mercia, Leonard s. Raisin! Poultry the Modern Way. 
Vt.: Garden Way, 197 • 

Charlotte, 

The Mother Earth News Handbook of Homemade Power. New York: 
Bantam, 1974. 

o , 
Nearing, Helen and Scott. 

Schocken, 1950. 
The Maple Sugar Book. New York: 

Pennsylvania Crop Reporting Service. Data for Somerset and 
Fayette Counties:1950, 1955, 1960, 1965, and 1~70. 
Personal communication. February, 1975. Harrisburg, Pa. 

Peterson, J. R., et al. "Human and Animal Wastes as Fertilizers," 
Fertilizer Technolog~ and Use. Madison, Wisc.: Soil S~i­
ence Society of America, l97l. 

Roach, Benjamin A. and Samuel F. Gingrich. Even-Aged Silvi­
culture for Upland Central Hardwoods. U. s. ?.ept. of_ 
Agriculture. ( 11 Agriculture Handbook No . 3 5 5 • ) Washing-
ton: u.s.G.P.O., 1968. · 

Rodale, J. I. and Staff. Enc,clopedia of Organic Gardening. 
Emmaus, Pa.: Rodale, 19 5. 

Rodale, Robert. The Basic Book of Organic Gardening. Emmaus, 
Pa.: Rodale, 1975. 

Soliman K. H. "Study of Wind Behavior and Investigation of 
suitable Sites for Wind-Driven Plants," New Sources of 
Energy: Proceedings of the Conference,~, 21-31 
August 1961. New York: United Nations, 1964. 

stoner carol Hupping. Producing Your own Power. New York: 
Vintage, 1974. 

Tisdale, s. L. and w. L. Nelson. Soil Fertility and Fertilizers 
(2nd ed.). New York: MacMillan, 1966. 

Turner, Brian J. Board-Foot and Cubic-Foot Volume Tables for 
the Commercial Forest Species of Pennsilvania. Pen~syl-. 
vania state university, College of Agriculture. University 
Park, Pa., 1972. 

united states Dept. of Agriculture. Agricultural Statistics 
1941, 1972, 1973. 



-102-

United States Dept. of Agriculture. Soil ("Yearbook of Agri­
culture 1957"). Washington: .u.s.G.P.O., 1957. 

United states Dept. of Agriculture. Soil Conservation Service. 
Somerset County, Pa. : Interim Soil Survey Repor·t. Vol. I, 
Soil Interpretation, 1969. 

United States National Oceanic and Atmospheric Administration. 
Climate of Pennsylvania. ("Clitnatography of the u~ s., 
No. 60-36.") Washington: U.S.G.P.O., 1971. 

B. LAND USE SUITABILITIES 

ASHRAE Handbook of Fundamentals. New York: American Society 
of Heating, Refrigerating, and Air-Conditioning Engineers, 
1972. 

Clark, Peter. Natural Energy Workbook. Berkeley: Visual 
Purple, 1974. 

Clayton, w. P. Wallasey Borough Architect. "Notes on the New 
St . George's Secondary School, Leasowe (Solar School)," 
tebruary 8, 1966. 

Clegg. Peter. Low Cost Sources of Energy for the Home. 
Charlotte, Vt.: Garden Way, 1975. 

Daniels, Farrington. Direct Use of the Sun's Energy. New 
York: Ballantine, 1964. 

Energy Primer: Solar, Water, Wind, and Biofuels. Menlo Park, 
Calif.: Portola Institute, 1974. 

Hitchen, E. R., et al. "The Thermal Design and Performance of 
St. George's County Secondary School, Wallasey," ·Journal 
of the In•titute of Heating and Ventilating Engineers, , 
January, 1966. 

The Mother Earth News Handbook of Homemade Power. New York: 
Bantam, 1974. 

Stoner, Carol Hupping. Producing Your own Power. New York: 
Vintage, 1974. 

United States Dept. of Agriculture. Soil Conservation Service. 
Soil Survey of Fayette County, Pa. Washington: u.s.G.P.o . , 1973. 

United States Dept. of Agriculture. Soil Conservation Service. 
Soil · Survey of Westmoreland County, Pa. Washington : 
u.s.G.P.o., 1968. 

-103-

United States Dept. of Agriculture. Soil Conservation Service. 
Somerset County, Pa .: Interim Soil Survey Report. Vol. I , 
soil Interpretation, 1969. 

C. SOCIAL PROGRAM 

Bogue, Donald J. Principle of Demography. 
Wiley & Sons, Inc., 1969. 

New York: John 

Homestead1·ng: A Practical Guide to Living Crawford, Patricia. 
off the Land. New York: MacMillan , 1975. 

The Cerro Gordo Experiment: A Land Planning Package. Cottage 
Grove, Ore.: Town Forum, Autumn, 1974. 

d ' A Handbook for Small Kains, M. G. Five Acres and Indepen ence: 
Farm Management. New York: Dover, 1973. 

Kern Ken. The Owner-Built Homestead . Oakhurst, Calif.: 
' owner-Builder Publications~ 1974. 

h G d L 'fe How to Live Nearing, Helen and Scott. Livin~ t e oo 1 : 
· a Trou led World. New York: Sanely and Simply in 

Schocken, 1954. 

Robinson, David. The Complete Homesteading Book. 
Vt.: Garden Way , 1974. 

Charlotte, 

11 Farming for Self-Sufficiency: Inde-Seymour, John and Sa y. New York: Schocken, 1973. pendence on a 5-Acre Farm. 



-104-

III. DESIGN 

Arthur, Eric and Dudley Witney. The Barri: A _Vanishin! Land­
mark in North America. Toronto: M. F. Feheley, 974. 

Clark, Peter. Natural Energy Workbook. Berkeley: Visual 
Purple,· 1974. 

Clayton, w. P. wallasey Borough Architect. "Notes on the New 
St. George's Secondary School, Leasow~ (Solar School)," 
February 8, 1966. 

Clegg, Peter. Low Cost Sources of Energy for the: Home. 
Charlotte, Vt.: Garden Way, 1975. 

Daniels, Farrington. Direct Use of the Sun's En·ergy. New 
York: Ballantine, 1964. 

Energy Primer: Solar, Water, Wipd, and Biofuels. Menlo Park, 
Calif. : Portola Institute, 1974. 

Fields, Curtis P. The Forgotten Art of Building :a· Stone Wall. 
Dublin, N. H.: Yankee, 1971. 

Hitchen, E. R., et al. "The Thermal Design and Performance of 
St. George's County Secondary School, Wallasey," Jo·ur:nal 
of the Institute of Heating and Ventilating Engineers ·; 
January, 1966. 

Kains, M. G. Five Acres and Independence: A Handbook for sm·a11 
Farm Management. New York: Dover, 197 . 

Kern, Ken. The owner-Built Homestead. Oakhurst, Calif.: 
Owner-Builder Publications, 1974. 

Langer, Richard w. Grow It! New York: Avon, 1972. 

Long, Amos, Jr. Farmsteads and their Buildings. Lebanon, Pa.: 
Applied Arts, 1972. 

Mercia, Leonard s. Raising Poultry the Modern Way. Charlotte, 
Vt.: . Garden Way, 1975. 

The Mother Earth News Handbook of Homemade Power. New York: 
Bantam, 1974. 

Nearing, Helen and Scott. Living the Go·oa Life: How •to· Live 
Sanely and Simply in a Trobuled World. New York: Schocken, 
1954. · 

Nearing, Helen and Scott. The Mapl·e Sugar ;Book. New York: 
Schocken, 1950. 

-105-

Robinson, David. The Com,lete Homesteading Book. 
Vt.: Garden Way, 19 4. 

Charlotte, 

I. a nd Staff. Encyclopedia of Organic Gardening. Rodale, J. - -
Emmaus, Pa.: Rodale, 1975. 

Rodale, Robert. The Basic Book of Organic Gardening. 
Pa.: ' Rodale, 1971. 

Emmaus, 

11 Farming for Self-Sufficiency: ~-
Seymour, John and Sa Y• - k 1973 

F New York: Schoc en, • pendence on a 5-Acre arm. 

Sloane, Eric. An Age of Barns. New York: Ballantine, 1961. 

s 1 - K H "Study of wind Behavior and Investigation ~f 
o im~~itable.Sites for Wind-Driven Plants," New S021:~i o 

Energy: Proceedings of the Confere~ce, ~, 
August 1961. New York: United Nations, 1964. 

stoner carol Hupping. Producing Your Own Power. New York: 

Vintage, 1974. 



ACKNOWLEDGMENTS 

we greatly appreciate the counsel of our three advisors in 

their respective fields of expertise: Dr. Jim Bockheim in soils, 

productivity, and suitability analyses; Dr. Nick Muhlenberg in 

project definition and carrying capacity calculations; and 

Laurie Olin in community design. 

Three additional University of Pennsylvania faculty members 

also contributed generously to the project in time and advice: 

Jon Berger with project definition and natural resource ~nven­

tories; Bob Hanna with community design; and Setha Low with 

human nutritional needs and the social program. 

Watershed residents were friendly and helpful throughout 

our work there, especially Dr. and Mrs. Ferguson, who housed 

us during site visits to collect water, leaves, dirt, and 

pictures. 

Evelyn Wydro's patience and typing skill were essential to 

preparation of this report. 

1 

I t 
l r ,. 

~ ~ 

<~tr 
.. .,/,._ , _ _._. ... -~k~:.. -:·:·~ 

e:;--~"~ 
-~""-: 

\ (n 
11-

~ ,i -
':,~~,~- t . 



I 
I 

r 







i I 
' I j 



r-- l ·l 



/' ,[?l A< 
n i(. i\ ''(,( \ 

1 

Hf 

~peeos 
MW,•, ,,•.,~.sw,w .-•.• w,.,.,.,:,:c,.w,:, , , ,,, •·" •:· •·•• ••.i•·••~--·;'"• ,,.{,: ... -..... 

•~" RAP1-11c·- )1awc 
•· ' "'" .,..,,,,, 

' , 

S\,ch- \-Z..-
-~ .... -~ ---





f 

j 



· ~....-.. ~ ., .. ' i_ • ... ,;; .. :}.~ _.?:_ __ .~~ 
,::... ~ '~ L- 2~--- ~ 

~-








	scan_2023_09-06_12_31-55.pdf
	scan_2023_09-06_12_43-45.pdf

