NOTES Oi:

STANDARDS/CHECKLISTS/FRAMERORKS/RANGES/ REFERENCES/GUIDELINES
FOR:

EVALUATION/PLANNING/DEVELOPMENT

URBAN DWELLING ENVIRONMENTS

LOW INCOMz PEOPLE

DEVELOPING COUNTRIES

SECOND PRATFTT

Education/Research Program: URBAN ‘SETTLEMENT DESIGN IN DEVELOPING CCUNTRIES
Department of Architecture, M.I.T. Spring 1373









UREBAN AREA CONTEXT .
information and description

General

Existing
Conditions

2.
3.
4.
5.

GFCGFATHY (Location, topography,
circulation, land use pattern, and
values pattern, clinate)

HIST 4

DEMOGPAPHY (Population growth, dis-
tribution: age-sex)

SOCIAL STF
tribution)
SOCIAL ECOLOGY (Income pattern-den-

CTURE (Arnrnual income dis-

sity pattern)

LOW INCOME liOUSINA SITUATION (Utili-
ties and services, conscruction types,
resources}



SITE CONTEXT
SELECTION, EVALUATION,
PLANNING

ENVIRONMENTAL PHYSICAL CONDITIONS

10. (AB) LOCATION, APPROACHES, ACCESSES,
TRANSPORTATION

11.(AB) SIZE, SHAPE

12. (AB) LAND COSTS

13.(A ) LAND OWNERSHIP

14.( B) BOUNDARIES

15. (A ) VIEWS, FLOODING, DUST/DIRT, SMOKE,
FUMES, ODORS, KOISE, VIBRATIONS,
FIRE/EXPLOSION HAZARDS, AIRPORT
DISTURBANCE/RESTRICTICH

16.(A ) TOPOGRAPHY, NATURAL FEATURES

17.(A ) soIL

18.( B) CLIMATE

19.{ B) EXISTING STRUCTURES, EASEMENTS,
RIGHTS-OF-WAY

UTILITIES, SERVICES, COMMUNITY FACILITIES

20. (AB) WATER SUPPLY, WASTEWATER SYSTENS:
SANITARY SEWERAGLE, STORM DRAINAGE

21. (AB) ELECTRICITY, STREET LIGHTING,
TELEPHONE, GAS

22.(AB} PAVED RéADS, WAI WAYS, PARKIKG

23. (hB) FUBLIC TRANSI;ORTATION

24.( B) POLICE, FIRE PROTECTION

25.( B) REFUSE COLLECTION

26.( B) HEALTH

27.( B

-

SCEGCLS, PRLAYGROUNDS

28.( B) RECREATION, PARKS, OPTH SPACE
29%.( B) OTHER COMMUNITY FACILITIES
30.( B) BUSIKESS, COMMERCIAL, SMALL

INDUSTRIES, PROFESSIORAL

GOVERNMENTAL/MUNICIPAL REGULATIONS

3i.(B

MASTER PLAN
32.( B) ZONING ORDINANCE
33.(B

-

SUBDIVISION REGULATIONS
34.( B) BUILDING CODES
35.( B) TAX STRUCTIURE

36.( B) OTHER

INTRODUCTION

This section is concerned with the SITE
CONTEXT. It includes the factors listed
alove. It provides references for the
evaluation/selection/planning of sites in
urban areas, particularly in relation to

dwelling environtents.

The cormon cases of site investigation are:
-Given an intended use, find suitable sites.
-Given a site, determine options for use/

development.

Pactors affecting a site have been quali-
fied as follcws:

~FACTORS MARKED (A ) are primarily sitoe
attributes that define the economic and
practical feasibility <f developing the
aite. Secondly, they are physical planning
determinants.

~PACTORS MARKED ( 3) are prirmarily site
detcrminants that definc éhe rhysical plan-
ning. Secondly, they may define the feasi-
bility of the site's developrent.

-FACTORS MARKLD (Ad) are both.

The presentatinn of each of these factors
fincludes: Definiticns and Evaluation/Plan-
ning Corsiderations. They are to serve as
a framcework for preliminary site investiga~
ticn as well as site planning. It is im=
portant that they be viewed as guidelines
within a range of alternatives for each
speclific site factor. They are a checklist

in the deveiopnent of a site.



10, LocATION,
APPROACHES,
ACCESSES,
TRANSPORTATION

LOCATION, APPROACHES, ACCEZSSES, TRANSPORTA-
TION are interdependent factors. The
accompanying diagram (f£ig §# ) of a site in
an urban context illustrates the tactors:

<LOCATION (POSITION-DISTANCES) in relation

to: Residential, Ccmmercial, Industrial
areas, City Center, Airport.
-APPROACHES: main routes that reach the
site (1, 3).

~ACCESS: linkages to main routes (a, b).
~TRAKSPORTATIO..: mcans of conveyance alony

main routes.

FIGURE # LOCATION, APPROACHES, ACCESSES,

TRANSPORTATION

DEFINITIONS

LOCATION(*) - situation: the way in which
something {(the mite) is placed in relation

to its surroundings {the urban context).

Location can be in terms of thc POSITION({*)}
of the sitec in the urban context regarding
primarilys: .

-SITE LAND USZ as determined by urban land
use patterns, soning ordinanées,-und other
government regu!l ‘tions.

-SITE VALUE/CCSTS as determined by urban

land value/cost patterns.

Location can be in terms of thae DISTANCE(*)
betwcen the site and other elements of the
urkan context, mecasured in:

-IENGTHS: metoers, kilometers. yards, miles
=TRAVELING TIME: walking, privatc vehicle,
public transportation-

~TRAVELING COSTS: 4§ of weekly, monthly,
annual incoma
-TRAVELING FREQUENCY: weekly, monthr*-s,

occasionally.

LOCATIGH PRIORITIES for proximity (DISTANCE}
to erployment centers by farmily income are

illustrated in the following chart (fig | )
(NOTES FOR HCUSING POLICY, John Turner an

others, Caxzbridge, 1571).

Annual Pamily Income {n termas of Subslstence l.avel

- [ +

v
LACATION PRIORITIES for proximity
(DISTANCE) to employmert centers

\
55 = 5x5 = Hizh/Moderate Incece
35 = 1x5 = Moderate/Low Incoxe
8 = Subsistence Income = Low/Very Low {minimum
wage for average fanily)

+ = Inportant

0 = Nrutral
~ = Calmportant

N
+\ = Priorities for Upvarly.mbile Households

\.- = Priorities for Static or Downwardly Mobile
™ Bouseholds
FIGURE # LOCATION PRICRITIES

EVALUATION/PLANNING CONSIDERATIONS

Location in relation to the URBAN CONTEXT
should be analyzed/evaluated to determine
dagrees of availability/adequacy/consis-
tency in terms of the following existing

and/or projected conditions:

~LAND USE PATTERN - (Urban area plans,
charts) - Uses to be identified: Residen-
tial, Business, Commercial, Small Indus-

tries, Professional, Industrial, Schools,

Playgrounds, Parks, Other.

~POPULATION DENSITY PATTERN: - (Urban area
plans, charts) - Rianges to be identified:
100, 200, 300, 400, S00, 600, 7GO, 800, 900,
1000 inhabitants/Hectare.

~INCOME GROUP PATTERN - (Urban area plans,
charts) - Ranges should be identified in
terms of income/family/year or in terms of

subsistence levels (See: Income Groups).

=LAND VALUE/COST PATTERN - (Urban area
Plans, charts) - Ranges should be ildentified
in terms of costs/unit area: sguare meters,

Hectares, Acres.

~UTILITIES, SERVICES, COMMUNITY FACILITIES
(adjacent/available to the site} - Condi-
tions to be determined: existing, proposed,
avaiiable at later or unpredictable tine,
not available, adequacy of the following:
Water Supply, Sewerage, Storm Drainage,

paved Roads, Electricity, Street Lighting,



Telephone, Gas, Schools; Recrcation, Police,
Pire, Health, Refuse Collection, Public
Transportation, Social Welfare.

=CENTERS OF EMPLOYMENT - -(residential,
industrial, commercial, government) when
proximity becomes a priority for those iiw
income groups that cannot afford transporta-

tion costs (See: Transportation).

DEFINITIONS

APPROACHES (*) - the main routes external to
the site (pedestrian/veinicular) by which the
mite can be reached from other parts >f the

urban context.

Approaches are qualified by the character
of cxisting and future growth along these
routes (cénqcsticn: directnass or the routve;
depreciating commercial, industrial, or
residential areas).

Trends in urban growth

may affect a site's approaches.

Approaches are the manner in which POSITION
and DISTANCE relate the sitn with the urban

context.

EVALUATION/PLANNING CONSIDERATIONS

Approuches to a site should be analy-
zed/evaluated to deteraine availability/
adequacy/quality in terms of existing and/

or prujected routes:

=APPROACHES - {(Urban Area/Site Plan, charts)
Characteristics to ke identified for each

approach: Name of Poute, Transportation

Modes (1}, From/T> (2), Adequacy (Sece:

Circulation), Character (3).

NOTES:

{L} pedeszrian/venicular, wal.lng, bicycling,
private car, bus, suyray, railway, eic.

(2) arecas linrad by the route.

{3} the nature of existing and future growth
slong these routes in terms of: congestion,
directness of the route, physicai condition
of the route, etc.

DEFINITIONS

ACCESS (*) - the pedestrian/vehicular linkage
from/to the site *o/from existing or
planned approaches (ucban streets, limited
access highways, public transportation sys-
tems, and other systems such as: waterways,

airlines, etc.}.

Access is a way that allows eatrance to and

exit from the site proper.

Access can be defincd/determined by:
~LINEAR LINKS: highways, streets, or paths
frem which tae site can be entered.

-POINT LINKS: subway stations, bus stops,

etc. from which the site can be entered.

EVALUATION/TLANNING CONSIDERATIONS

hccess to a site from its approaches should
be analyzed/evaluated to determine its
availability/adequacy/quality in terms of

existing and/or projected conditions:

-ACCESSES - (Site plan, charts) Conditions
to be decterained: existing, proposed,
availability, adequacy of: 1linear links

(highways, streets, paths, etc.), point links

(subway atatioas, bus stops, etc.)



DEPINITIONS

TRANSFORTATION (*) - mcans of conveyance or

travel from one place (the site) to another °

(other parts of the urban context).

Transportation means can be:
-PRIVATE: bicycle, automoblle, etc.
~PUBLIC: bus, subway, taxi, ®collectivo”,

etc.

Transportation can be measured in terms of:
=DISTANCE
=-TIME

-CO5TS

IDEAL MAXIMUM DISTANCES are illustrated in
the following table (fig §# )} in terms of
MODES 7F TRAVEL(*), frequency of use and -
time. From the table it can be inferred

that:

In proper environment, certain facilities
may be contained within a walking distance;
on tha other hand, there are other facili-
ties that may be reached via transportation:
High schools, Playgrounds; Recreation,
Reglonal; Shopping, Regional-Major Goods;
Centers of Employment.

EVALUATIQN/PLARNING CONSIDERATIONS

Transportation to a site should be analyzed
evaluated to determine its availnbiliuﬁ/
adequacy/quality in terns of existing and/a

projected conditicns:

=TRANSPORTATION - (Charts) Conditions to be
determined: Preferred Modes of Travel,
Distance, Traveling Time, Traveling Costs,
Adequacy jin relation to the following areas
High Schoecle, Playgrounds: Recreation,
Regional: Shopping, Regional-Major Goods;

Centers of Emgloyment (1)

NOTE:

{1) Transportation “o/fron the site from/to CENTERS
QF EMIMLOYMENT may be a critical issue for the low
income groups. Wwhen centers of employment are not
located withir. walking distonce, a site could be un
acceptable to tha income group wha cannot afford
public transportation fares or a bicycle.


http:CE.rE.RS

MAXIMUM IDEAL DISTANCES (within Urban Context)

MODES OF TRAVEL (1) RANGES (Time: minutes Distances: meters)
(1) In most U.S.A. urban areas people travel by pri-
vate automobile even whan the destination is within 0 2,000 5,000 8,000 10,000 15,000 20,000 25,000 30,000m
walking distance.
{ |

Malking Wp 6 -, 400m {

—* 1% - 1,000m l

e’ 30° - 2,000m I
Bicycling ) 15° - 4,000m l i

‘ ol 30° -ls,ooo:n ]
Motorized (bus, car, subway, railway, etc.) ; . 4; 30 - 15,000m
p §0* - 30,000m

ACTIVITICS/FACILITIES FREQUENCY OF TRAVEL DISTANCES

MAXIMUM WALKING DISTANCE MAXIMUM BICYCLING DISTANCE

EDUCATION | | I
|
=Kinder-playground Daily '300mI
-Primary school-plgd Daily ‘_) 1,000m
-High schonl-pldg Daily } — » 5,000m
-Comnunity service Daily, weekly pmmd 1,000m

E0CIAL RECRCATION

I
|
|
|
]
|
1
~Localt Childron Dally, weckly ) 400m, }
Adolcccents Daily, weokly _} 1,000m ]
Adults Daily, weokly &P <00m |
-Regicnal:  Childron, Occasionally )
Adoloscento, Adulte | 1 '
| !
GIIOPPING : ] i
i
-Locals Food, conva= Daily, wookly p 400m, |
nionco gooda/sorvicos : ' | |
-Reqgionali Major goods/ Woakly, occasionally ) 15,000m
sorvicos | : | 1 ‘
EMPLOYMENT l | }
! |
- D [ 000, 1kin
Low incoma groups aily ) ﬁ- 2,000m walkirg 4‘ oo o .
- ; P » OOmI icycling l R
=Other incene groups Daily 4 30,000m




11. SIZE, SHAPE

DEPINITIONS

SIZE(*) ~ physical magnitude or extent (of
the site); relative or proportionate dimen-

sions (of tho site).

Size is the amount of space which the site
occupies or the amount of land available

for development.

Size is defined in terms of SQUARE UNITS:

square meters, hectares, square feet, acres.

Size determines the capacity of thc site to

accommodate future growth/expansions.

Size may determine the facilities required
as part of the development:

-SMALL DEVELOPMENTS: gencrally are parc of
an adjacent urbanization and can use its
supporting utilities, services, and commun-
ity facilities.
~LARGE DEVELOPMENTS: may be indcpendent
communities requiring their own utilitlies,

services, and community facilitlies.

SIZE, POPULATION, LAND USES
The following charts (figs § ) are
rough dimensional indicators relating size
of site, population, and land uses (per-

cantages and areas).

RANGES OF THE CHARTS:
A. SITE AREAS: from 1 Ha to 1CO Ha

B. POPULATION DENSITIES:

Units/Ha Unit Types Persons/Ha

2P/U 4P/ 6P/U BP/U

50 Roons, Row/Group 100 200 300 400
Housing(*), 3-5
story Walk-ups(®).

100 Fovws, 3-5 story 200 400 600 800
walk-ups, 7-20
story High-rise(®).

150 (Same as above) 300 600 900 1200
320 Rooms, 7-20 story 400 800 1220 1600
High-rise

taits can be DWELLINGS or ROCMS,

DWELLING(®) - a building or other shelter in which
people live: HOUSE.

RCOHM{*) - a partitioned space of a dwelling
sgecifically used for living. In practice, when
counting rooms of a dwelling, only the living areas
ara included: bedroonm, living room, dining rooam.
Others such as: bath, toilet, kitchen, laundry,
storage are not covwted as rooms.,

Units can be defincd as follows:

CWEILING{*) - the grneral, global designation of a
building/shelter in which people live. A dwelling
contains one or more 'dwelling units’.

DWELLING UNIT(*) - a self contained unit in a
dwelling for an {ndividual, a family, or a group.

DWELLING ONIT TYFPE -~ four types of dwelling units
ars considered:

-Room: A SINGLE SPACE usually bounded Ly partitions
and specificaliy uzed for living: for wxample, a
livang rocm, a dining room, & Sedroem, put not a
bath/tislet, kitchen, laurdry, or sterage rcos.
SEVERAL ROTM UNITS are contained in a building/
shelter ard share the use of the parcel of land on
which they are built (open spaces) as well as coecron
facilities {cizculation, toilcts, kitckens).
-Aparteent: A MULTIPLE SPACE (rocm/sct of rocma
with bath, kitchen, e-c.). SEVERAL APARTMESNT UNITS.
are ccntained in a building and shace the use of the
parcel of land on which they are built (¢pen spaces)
as well a3 scoe common facilities (circulation).
-Houset A MULTIPLD STACE (room/sect of recoms with or
without bath, kitchcn, etc.}. ONE HOUSE UNIT is
contained in a building/stelter and has the private
use ol the parcel of land on which it is built (open
spaces) as well as the facilities available.
=Shanty: A SINGLE OR MULTIPLE SPACE (small, crudely
built}. ONE SHANTY UNIT is contained in a

shelter and share with other shanties the use of the
parcel of land on which they are built (open spaces).

€. LAND USES (Percentages and Areas) EVALUATION/PLANNING CONSIDERATIONS
Public land: CIRCULATION (strects, walkways,
parking arcas)

Size (area) of a site must be computed/
Tha percentage of land required for circulatios
depends on the density of the circulation rct
primarily, frequrncy of the rctiwork: sccondar
width of the network. A cirdulation network sesvisg ahility for development.
large blocks takes a les<i. percentage of Iand taa .
a netwerk Eccving emall blocks.

evaluated to determine its adequacy/suit~-

Frequency ranges of urban circulation networks a<e -SIZE - (site plan, charts) - Areas to be
discusacd In the PLANNING CCHTENT: CIRCULATICN.

Rangea are from: 80m x ECn = 6100 square metess

(0.64 Ha) to 20Cm x 200m = 40,020 square rcicrs I3 Ea).

dectermined: Total size of area within site
boundaries, areas unusable duo to: topo-

ASSUMPTION: The tables use a fregquency of 102z =
100m = 10,000 square maters {1 Ha) and an aversye
width of 16n which rezulta {n 30\ of the lan2 £
circulation {a constart). The ranges Lave bes
derived from case studies: UREAN “WILLING EAVTRIS-
MENTS; LAND USES IN AMLDICAN CITIES, Bartholooew.

graphy, soil conditions, easements, rights--

of-way, desirablc/undesirable environmental

influences, desirable/undesirable existing

Public land: PURDLIC FACILITIES (schools, play-
grounds, parks, other facilitics)

structures.

The percentage of land required for public facilities
deperds on the population served. A small populztica
requires less facilitles and consequently less pez-
centage of lard., A large population requires mcce
facilities and consefuently gore percentage of liaf,
In other words: new facilitics are required wiz:
increasing levels of population. Exazple: a com—
munity of 5000 people will require a pricmary scirel;
and, a comzunity of 20,000 people will roguire &
prirary schools and, in addition, a secondary s—*cel.

ASSUMPTION:

Supporting population 6,000 10,000 60,200
land for listed public

facilities 3 Ha 19 Ha 47 Ba

Ranges have been derived from: “NOPMAS MINIMAS
URBANIZACICN™ - CENTRO INTERAMERICAND VIVIETA ¥
PLANEAMIENTO - ECGOTA, COLUMBIA, 1968 and case
ctudies: U.D.E.; LAMND USES IN AMERICAN CITIES,
Bartholomew.

Private land:; RESIDENTIAL {dwellings, cocmercial,
professional, stall industires)

ASSUMPTIC The private land will be primarily ses-—
idential but will inclule comrcrcial, profecsiozaZ,
and small industrial uses. The percentage of praT2le
land deperds on tha size of the urban sector cacsi-
dered. 1If the percentage of land for circulatiss ja
& constant {30%) and the percentage of publis le—:
increases with population, the percentage cf pr:vata
land, which is the remaining arca, dininishes wiz:
population.

DIAGFAMS -

The following diagrams (figs #
10 arcas illustrated in the charts.
~Circulation grid of 100= x 100m,
=Fer_entage of land use corresponding in all cases to
a population density of $00 persons/Ha, which is an
average of the densitles considered on the charts.

} correspond to the
They show:

In practice the apportioning of land should be based
on a reasonable assumption of its potential satura-
tion. Settlement is a process and densities will
increase over tinme; therefore, low densities will
evuntuaily increase.

KEY: The drawings are diacramatic and do not repre-
sant a design/layout of the areas incicated.

Land for Publlc Facilities use

Land for Rasidential use



DEFINITION'

SHAPE(*) - form/configuration of tha site
surface as defined by its perimeter/bound-

aries.

Shape detcrmines the feasibllity/suitabllity
of a site ir terms of land utilization, lot
and street layouts:

~COMPACT SHAPES are generally more apt for
efticient development.

—IRREGULAR, DISPERSED SHAPES may result in
unusable areas and/or uneconomical/inef-

ficient layouts.
EVALUATION/PLANNING CONSIDZRATIONS

Shape of the site must be analyzed/evaluated
to determine its usability/suitability for

davelopment.

~SHAPE - (site plan) - Conditions to be
deterrmined:, Shape of usable area(s) (1),
feasibility of development (2).

NOTES:

(1) shape(s) cZ land resulting from analysis of

devolopable land ares (size).
(2) capable of econoaical/efficient development.

SIZE, SHAPE should be considered simultan-
eously with othexr land features, topography,

adequacy of intended use.



S0 Units/Ha

100 Units/Ha

150 Units/Ha

200 Units/Ha

* Persons/Unit Persons/Unit Persons/Unit Persons/Unit
2 4 6 8 2 4 6 8 2 4 6 8 8
{190
{200 .
200
I ELD)
300
3
400
- A
{40
)
400
i
|s00
|00
~[s00
+
800
1
1900
L3
“J1200
L)

1600

T
Jrewo |

POPULATION UNITS PUBLIC LAXD PRIVATE LAKD POPULATICH UNITS PUELIC LAND PRIVATE LAND
Per/ |[Total Total Circulation Pub. Facil. Residential Per/ ITotal Total Circuletion Pub. Pacil. Residential
Ha A Ha A ) Ha . Ha ia . Ha A Ra . Ra

100 67 33 30 0.30 3 0.03 67 0.67 100 267 133 30 1.20 3 0.13 67 2.67

200 127 32 30 0.30 6 0.06 64 0.64 200 509 127 30 1.20 6 0.25 64 2,55
64 255

300 183 30 30 0.30 9 0.09 61 = 0.61 300 730 122 30 1.20 9 0.37 61 2.43
91 365

400 233 29 30 0.30 12 0.12 58 0.58 40cC 933 117 30 1.20 12 0.47 58 2.33
58 233
117 467

600 323 54 30 0.30 16 0.16 sS4 0.54 600 1292 215 30 1.20 16 0.65 | 54 2.15
81 323

800 400 50 30 0.30 20 0.20 50 0.50 800 1600 200 30 1.20 20 0.80 50 2.00
100 400

900 434 72 30 0.30 22 0.22 48 0.48 900 1738 290 30 1.20 22 0.87 48 1.93

1200 525 65 30 0.30 26 0.26 44 0.44 1200 2100 263 30 1.20 26 1.05 44 1.75
88 : 350

1600 622 78 30 0.30 31 0.31 39 0.39 1600 2489 31 30 1.20 31 1.24 39 1.56




POPULATION URITS PUBLIC LAND PRIVATE LAID POPULATION UNITS PUBLIC LAKD PRIVATE LAID POPULATION o1Ts PUDLIC LAXD PRIVATE LAND
Per/ [rotal Total Circulation Pub. ‘Facil. | Residential Per/ [Total Total Circulaticn Pub. Facil. Residential ver/ |Tueal frotal Circulation Puk. Facil. Residcntia)
Ha 1 Ha s Ha B Y Ha a . Ha 1 Ha -v Ha LY Ha ) Ha . Ha

100 600 300 § 30 2.70 3 0.30 | 67 6.00 100 | 1067 533 | 30 4.80 3 0.53 | 67 10.67 100 | 1667 833 | 30 7.50 3 0.83 } 67 16.67

200 | 1145 236, § 30 2.70 6 0.57 | 64 5.73 200 | 2036 509 | 30 4.80 6 1.02 | 64 10.18 200} 3182 795 | 30 7.50 6 1.59 | 64 15.91
573 1018 1591

300 | 1643 274 | 30 2.70 9 0.82 | 61 5.48 300 | 2922 487 | 30 4.80 9 1.46 | 61 9.74 300 ] 4565 761 § 30 7.50 y 2.28 | 61 15.22
822 1461 2283

400 | 2100 262 | 30 2.70 12 1.05 | s8 5.25 400 { 3733 467 | 30 4.80 | 12 1.87 | 58 9.33 400 | 5833 729 { 30 ~ 7.50 |12 2,92 | s8 14.58
525 933 1458
1050 1867 2917

600 | 2908 485 § 30 2.70 | 16 1.45 | 54 , 4.85 600 | 5169 86z | 30 4.80 | 16 2.58 | 54 8.62 600 | 7951 | 1325 | 30 7.50 | 17 4.25 { 53 13.25
727 1292 1985

803 | 2600 450 § 30 2.70 | 20 1.80 | 50 4.50 800 | 6400 800 { 30 4.80 | 20 3.20 | so 8.00 soo | 9686 | 1211 ] 30 7.50 } 22 5.39 | 48 12.11
900 1600 2421

$00 | 3910 652 } 30 2,70 ; 22 1.96 | 48 4.34 9co | 6952 | 11=9 | 30 4.80 | 22 3.48 | 48 7.72 900 | 10445 | 1741 | 30 7.50 | 24 5.89 | 46 11.61

1200 | 4725 591 | 30 2.70 | 26 2.36 | 44 3.94 1200 | 8170 § 1021 ! 30 4.80 | 27 4.33 | 43 6.81 1200 | 12388 | 1549 | 30 7.50 | 29 7.18 | 41 10.32
788 1362 ’ 2065

1600 | 5600 700 } 30 2.70 } 31 2.80 | 39 3.50 1600 | 9494 | 1187 | 30 4.80 | 33 5.27 | 37 5.93 1600 | 14397 § 1800 | 30 7.50 | 34 8.50 | 36 9,00




50 Units/Ka

100 Units/Ha

200 Units/Ha

EEREN

F

[

Persons/Unit Persons/Unit Persons/Unit
2 ¢ 6 8 2 4 6 8
] 100
"
| 200
00
[30c
1
{400
+ n
Jsoc
T
—
Je0o
—
{800
t

20
llGOO -

e
FOTULATICN HITS FUDLIC LAND PRIVATE LAND CPULATIN 275 PRIVATE LAND
fer/ Total Total Circulation Pub. Facal. Frsidentaal fer/ fictal Toral Circulazion Pub. Facil. Residential
i ) Ha . Ha ) Ha ia - ) Ha . Ha . Ha
100 2400 12¢0 30 10.80 3 1.20 67 24.00 160 1267 1633 30 14.70 3 1.63 67 32.6”
200 4562 1145 30 10.80 [ 2.29 64 22.91 26¢ 6236 1539 30 15.70 [ 3.12 64 31.13
2251 3iia
300 6561 1093 30 10.80 9 3.33 61 21.87 300 8840 1473 jo 14.70 10 4.83 60 29.47
3280 4420
400 8231 1015 30 10.890 12 4.47 58 20.73 400 | 11171 1396 jo 14.70 13 6.37 57 27.93
2073 2793
4146 5585
600 | 11261 1377 30 10.89 18 6.43 52 18.77 600 | 15172 2529 30 14.70 18 9.01 52 25.29
2815 3793
800 {13717 1715 30 10.52 22 8.05 48 17.15 8GO0 | 18482 2210 30 13.70 23 11.20 47 23.10
3429 4620
—
500 {14793 2465 30 10.80 24 8.76 46 16.44 900 | 19931 3322 30 14.70 25 12.15 45 22,15
1200 | 17545 2193 30 10.890 29 10.58 £38 14.62 1200 | 23638 2955 30 14.70 30 14.60 40 19.70
2924 39406
1660 | 20389 2549 30 10.60 3s 12.46 35 12.74 2600 | 274717 ] 3434 30 14.70 35 17.13 35 17.17
















~VIEWS: lakes or rivers can have a positive

14, BOUNDARIES

DEFINITIONS

influence by providing visual relief and
long views to contrast with man-made envir-

onrments and their limited views.
BOUNDARY (*) - something (_a line or area}

that fixes or indicates a limit or extent MAN-MADZ BARRIERS can also have a positive

(of a site).

or negative influence. Perhaps the greatest

man~-made barrier is the linited access

Boundaries are defined by: highway. It cuts physical and social

-LEGAL LIMITS of a site: property lines communications between adjacent communities.

~ADJACENT AREAS to the site Becaus~ of the path and width of the high-

way, uscless pockets and corners of land

Boundary can be in terms of a BARRIER(®*),

are often created.

which 18 characterized by sharp changes in

land use or topography, expressed as: MESHING BOUNDARIES such as political, adnin-

-LINES: limited access highways, etc.

istrative etc. do not inhibit the social and

-AREAS: mountains, lakes, etc.

functional continuity between contiGucus

comrnunities. Parks, schools, cemmunity

Boundary can be in terms of a MESHING(*) facilities, or minor streets do not really

boundary, characterized by continuous, limit the physical continuity between

homogeneous land uses or topojraphy, ex- comaunities but rather act as a linkage.

pressed as: The activities at each of these areas can

-LIKES: property lines, political or muni-~ be shared and therefore facilitate social

cipal divisions, main streets, etc. bonds between different developments.

-AREAS: similar residential uses, compatible

uses (as parks with residential), etc.
NATURAL BARRIERS such as mountains, rivers,
lakes or other abrupt changes in land form
generally prohibit or linit the cdeveloprent
of an areca in terns of physical links with
the surroundings. Natural barriers can have
a positive or negative influence on the site:
~MICRO-CLIMATE: hills or mountains may

affect the micro-climate in terms of prevail-

ing winds, sun exposure, precipitation, and

temperature.

EVALUATION/PLANNING CONSIDERATIONS

The analysis of the MUTUAL INFLUENCE between
the site and the different boundaries is

essential in planning. It will permit the
planning to take full advantage of positive
conditions as well as to minimize the nega-
tive ones. It will help to define land use

and interior circulation.

Tne ANALYSIS of boundaries will determine
the existence of strong negative elements
that way jeopardize the development of the
site.

-BOWNDARIES - - char~

(site plan, charts}

acteristics to be identified for each

boundary: specific rnane and location;

type: natural barrier, man-made barrier,

meshking boundary, line, area; positive and

negative conditions; influence in land use

and interior circulation.



15, VIEWS, FLOODING,
DUST/DIRT, SMOKE,
FUYES, ODORS,
NOISE, VIBRATIONS,
FIRE/EXPLOSION
HAZARDS, AIRPORT
DISTURBANCE/
RESTRICTIONS

DEPINITIONS

VIEWS (%) = (that which) is revealed to the

wisior or can be seen (from the site).

Views are affected by distance and position.

Any evaluation of views should be done on

the site.

With long distance, views become less real,
more abstract, more neutral. Long distances
reduce or eliminate noises, odors, numbers,
8sp.eds, abruptness of movements, and the

®11fa® of the observed objects; such is the
view of the land (the earth) from an air-

plane. With long distances, the viewer is a
gpectator and has the choice of ignoring the

view.

With short distance, views are real, domin-
ant and are acconmpanied by noises, odors,
movements, and "life®. The viewer is no
longer a spectator, but becomes an actor
with no other choice than to participate in
the action. While the view of a busy high-
way from a hillside (hundreds of meters
above) can be interesting, the proximity of

a highway is a catastrophe.

Views from the site may have diffcrent en-
vircnrental effects:
-POSITIVE:

desirable views: harbors,

sountains, forests, large public parka,
cormanding views frca high sites, etc.

-KEGATIVE: undesireble views: blank walls
or large industrial areas, the forests of
20th centyry paraphernalia, elevated high-
ways, Gas tanks, bill boards, parking lots,
etc.

It is obvious that positive views shculd be
taken advantage of/cnhanced and that nega-

tive ones should ke neutralized.

EVALUATICN/PLANNING CONEIDERATIONS

An analys{s of the views from a site will
determine tho existence of strong negative
elements which may jeopacdize the develop-

ment of the site.

-VIEWS - (on-site evaluation) - Characteris-
tics to be identified for cach view:
description and location, type: long or
short distance, positive and negative

effects.

rivers,

DEFINITIONS

FLOODING(*) - a rising and overflowing of a
body of water that covers land not usually

uncer water.

All sites, particularly the low lying,
should be studicd to determine their devel-
opment feasibility in terms of:

-High Water Table

-Lixelihood of Present and Fu*ure Flooding
{from surface run-off, tides, wind-driven

sca water, etc.).

In gencral land subject to flooding should
not be developed. However, exceptions are
mace in'gfban areas when there are strong
reasons for the urbanization of this land.
In such cases, the developrent should be
preceedad by an identification of the areax
lying within: ([22:pp.85-91)
-NATURAL FLCODWAY: the main channel and
adjacent overbanks which convey }loodflows
with destructive velocity (fig § ). This

area must rermain unobstructed so that floods

can be discharged adequately and efficiently.

«~RESTRICTIVE 204Z/TLOSDOWAY FRINGE: the
flood plain arca landward of the natural
floodway which would be inundated by low
velocity flood waters (f£ig # ). This area
may be preferably developed by functions
which are relatively urharmad by flooding
{such as:

open space, etc.) [23:p.58].

agriculture, forestry, recreation,

l/_\

ty

(ke

5. >

3 L A

k. N "W

g :

7 o]

[ <

) 3

a. 1w u!

-~ r

Y 2 §

a ¢ ey

i - 3

g ¢ 3 o

\' 1313

3 =

; WA

- (35

- \ k¥

J y ke

Firoao Puaid wiomy |
F'u-nas.'. waUGA L FuoeDsad It
TR | S bt TLnI IRy
—

Flgue =

NORMAL- thNNEL"rw

FLocD ZonES [(22-14p.85-01]



If buildings or othnr structures are contem-
plated {n the above areas, special precau-

tions should be taken such as: [24:pp.3-10])

-Avoidance of construction {buildings,
bridges, and approaches, ecarth fills, etc.)
within the natural floodway which will con-
strict the flow of floods. N
~Construction of flood storage PLSTRVOIRS,
conf{ining FLOOD WALLS, CEANNEL IMPROVEMENTS
(by staightening/widening), or BY-PASSES

{to divert floods away fraa or around the
site) will decrease flood hazards.
-Elevation of building floors above known
flood crest levels.

-Establishment of operaticnal evacuation
plans and procedures.

-Incorporation of: waterproof walls and
foundations, ejector pumps, flocdgates, cut-

off valves on sewers, etc.

Sites subject to floodizj; are not priced
corzercially and for this rcason are common-
ly takea by low income and squatter settle-
nents. Exaxpica are fouz2 in low lard on
BAYS or LAGOONS (Cartagena, Colutbia), on
RIVERS (Guayaquil, Equadoar; Buenos Aires,
Argentina), in GULLIES (Caracas, Venezuela).
sot.e of these sites have becn intelligently
developed a. in Cartagensa and Guayaguil.
Cthers are periodically washed away as in

Caracas.

EVALUATION/PLANHING CONSIDERATIONS

The flooding of a site should be investi=-
gated to determine the site's development

feasibility:

-FLOODING - (topographical survey, local
flood crest records) - Conditions to be
identified for the 50 ycar flood crest:
area within the NATURAL FLOODWAY, area with-
in the RESTRICTIVE ZIONE, special precautions

wnich could make the restrictive zone usabie

by buildings or other structures.

DEFINITIONS

DUST/DIRT, SMOKE, FUMES, ODORS, NOISE,
VIBRATIONS
DU3ST/DIRT(*) - fine dry pulverized particles

of earth, grit, refuse, waste, litter, etc.

SMORE (*) -~ the gascous products of burning
carbonaccous materials made visible by the

presence of carkon particles.

FUMZS(*) - a gascous cnission that is usual-

ly odorous and sometines noxious.

OLUR(*) - a gquality of something that af-
fects tl.e sense of smell.

NOISE(*) ~- any sourd (aifecting the site}
that ig undesirad (such as that produced by:
traffic, a‘-ports, industry, etc.).
VIDRATION (*) - a quivering or trerbling
motion {such 23 that caused by:

heavy

traffic, industry, aircraft, et=.).

All the apove ray affect the site because of

proximity to industrial plants, factories,
quarries, garbage dumps, raliroads, express-

ways, etc.

EVALUATION/PLANNING CONSIDERATIONS

Sites with proximity to sources of dust/ °
dirt, smcke, funes, odors, noise, and/or
vibrations should be studied to determine
their desirability/suitability for develop-

nent.

-DUST/DIRT, SMOKE, FUMES, ODORS, NOISE,
VIBRATIONS - (on-site cvaluations) -

Characteristics to be identified for each
source: name and location: type: dust/

dirt, smoke, fumes, odors, noises, vibra-

tions; intensity.



DEFINITIONS

FIRE/EXPLOSION HAZAPDS5(®*) - danger: the
state of being exposed to harm; liable to
injury, pain, or loss from fire/explosion

(at or necar the site).

Sites with proximity to HIGH HAZARD OCCu-
PANCIES (areas, buildings, structures in-
volving highly combustible, highiy flammable
or explosive material) should be avoided.
The following are examples of high hazard
occupancies: [25:pp.21-22] N
-Aluminum pcwder factories

=Cellulase nitrate plastic factories, ware-
houses and sales rocma

=Cereal mills

-pistilleries

~Explosives manufacture, storage

-Flour and feed mills

=Patroleun bulk manufacture, storage

-Grain elevators

-Lacquer/paint factories

-Liquified petroleum gas charging or bulk
storage plants

~Waste paper plants

Many municipalities have established FIRE
LIMITS by law, within which all construction
must be fire-resistant or fire-proof. These
1limits should be ident(fied, because they
will determine the construction types
allowed by law as wcll as the areas

allowed par structure and the dimenaional-

relationships between buildings. {25:p.38]

EVALUATION/PLANNING CONSIDERATIONS

Sites with proximity to high hazard occu-
pancies should be analyzed/evaluated criti-
cally to dectermine the safety/feasibility
of their development.
~PIRE/EXPLOSION HAZARD - (site evaluation,
local fire code)

- Characteristics to be

identified for each hazard: name, location,

degree of sep- .tion from sitae.

DEFINITIONS

AIRPORT DISTURBANCE/ZONING RESTRICTIONS
AIRPORT DISTURBANCE(®) -~ the act or process
of destroying the rest, tranquility, or

settled statc of (a site by the annoyance

of airport noise, vibration, hazards, etc.).

AIRPORT ZONING FESTRICTIONS(®*) -~ the regula-
tion of the height or typc of struntures in

the path of moving aircraft.

Site location in relation to existing or
proposed airports shculd be carefully check=-
ed, including the possibilities for con-
atruction of new airport facilities and run-

way extensions,

All sites should be studied in terms of their

relation_nip to existing and proposed air-
port performance standards/zoning restric-
tions. These will vary between nirpor;s
and heliport~ [26: pp. 160-168]. It 15 im-
portant to recognizs that these standarhs/
restrictions are continuously changing aL a

result of changing aircraft size and speed.

Proximity to airports may be undesirable
because of noise, vibration, and hazards
resulting in persoral annoyance.
ditions may be especially critical when the
site lies under a flight pattern or within
zones of aircraft approaches and take-offs

(8:pp.56-62].

These con=

EVALUATION/PLANNING CONSIDERATIONS

Site location in relation to airports
should be analyzed to determine the desir-
ability/fcasibility/adequacy of the site

for developrent.

~AIRPORT DISTURBANCE/ZONING RESTRICTIONS =
{local planning commissions, city engineer,
aviation agencies) - Conditions to be deter=-
mincd for existing or proposed airports:
flight patterns, apprcach/landing zones,
take-off zones, noise levels at site, vibra-
tion levels at site, ;llowublo maximum

obstruction heights.






16. TOPOGRAPHY,
NATURAL FEATURES

DEPINITICHS

TOPOGRAPHY (*) - the configuration of a
(land) surface iqcludlng its relief and the ©
positions of its natural and man-made

fcatures.

*The extent and character of such features--
simple or complex undulations, watercourses,
near and Gistant views from different

points of observation and individual or
massed effect of trees--have varied rela-
tions to one another and to all deveclopments
that can be foreseen. Every element in top~-
ography should be considered as an oppor-

tunity to be used.®

The topography of a site is a composite of
its NATURAL FEATURES(*):

=-Land Surface Undulati;ns: hills, valleys,
ﬂows.thtlmm,ew:

-Water Features: strenhs, rivers, ponds,
lakes, marshes, tloodplg}ns, etc.
-Vegetation: trees, grakses, ground cover,
etc.

\
-Geological Formations: rock out-croppings.
\

The main indicator of topography is SLOPE(*}
which can be measured in terms of:

~Ratio of vertical: horizontal distance:
1+20, 1:10, 1:6, 1:5, l:4, 1:)

-Percentage of vertical: horizontal distance:
5%, 10%, 15%, 20%, 25%, J0%
-Degrees from the horizontal plane:

2°, 4.5°, 7*, 9°, 11°, 11.5°

Topography (SLOPE) is a major planning
determinant useful in defining: 1land use,
land subdivision, circulation, drainage,
and land development and maintenance costs.
The following chart (fig # ) gives a rough
indication of the limitations imposed on:
land use, subdivision, circulation, drain-
age, land develognent costs, buildings,
vehicular specds, and surface protection by

slopes varying from 0% to greater than 30%.

EVALUATION/PLANNING CONSIDZRATIONS

Every element in topography should be con-
sidered as an opportunity to be used.
Therefore, topography should be analyzed/
evaluated to permit the planning of the
site to take full advantage of the positive

features and to minimize the negative ones.

=SLOPE - (site plan, topographical survey)
Ranges to be identified in terms of percent-
age: 0 to 5%, 6 to 15%, 16 to 30%, 31% and

greater.

~TOPOGRAPHY - (site plan) - Characteristics
to be identifiead for each natural feature:

Specific Name and Location; Type:
face undulation, water feature, vegetation,
geological formation;

Positive and Negative

Conditions; Influence in: land use, subdiv-
ision, circulation, drainage, land develop-
ment costs, buildings, vehicular speeds, and

surface protection.

land sur- -



SLOPES, LAND USE, LAND SUBDIVISION, CIRCULATION, DRAINAGE,
SURFACE PROTECTION

LAND DEVELOPMENT, BUILDINGS,

SPEED,

KX .
. (9.\ o W IS
ASPECTS sy %) s p
0 to 5% 6% to 15% 16% to 30% 3ls TP
108 and up not adeguatao for
1 playing fields or other Parks or other arcas that
l!’J\lD No restrictions large outdoor flat arcas requirec little or no
5E bocausoe domands hoavy qrading
grading
30% and up not adequate for
small lots; will present
foundation and retaining
LAND No restrictions in lot No restrictions in lot v
wall preblems; Multi-story
SUBDIVISION dimensions dimensions ctructures will reduce costs
per unit for foundatione and
land development
30% to 32t stcepcst grades
av U.S.A.
CIRCULATION Bafe, sustained grade for 9% to 124 steepest grades o P L reee e rondn
(VENICULAR) all vehicles U.S.A for highways U.S.A. y 9
sEefe parallel or diagonal to con-
tours to reduce slope
Flat land may present numer=- 20% and up will present
DRAIBAGE oua problems in sewage and 5% to 10% will facilitate problems in sewage and storm 3:3:‘;;1 zzzdﬁign:_m{;'"d
SEWAGE storm drainage that will scwage and storm drainage drainage that will raice caref x;n tudy i lgu ts
raise improvement costs improvement costs eful study in all aspec
5% to 10% 15 moro econcmical
to develop than flat or =
LAND N 0% and up will increase
DEVELOPMENT Flat land may not be st?(pcr slopes; 10% and up sharply costs of land dovel-
MAINTENANCE economical to devolop may demand heavy grading, ooment. and mointonar
N causing groater sottlomcnts, P " nar.ca
erosaion
10% and up will reguiro study of so0il, bullding typa
BUILBINGS Ho restrictions construction cystem, grading, foundn:;ons, numbor o!'x‘looru
SPEED
~BUS/CAR 100~120 km/hour 108 and up no good for sustained distanccr
~PECESTRIAN 4 km/hcur 9% - 2 km/hour; 10% and up no good for suatained distancos
o
FURFACE Gurface protection against eroeion (rain, wind, intensive use) should bo considorod with
PROTLCTION E0IL charactoristics




17. soIL

DEFINITIONS

SOIL(*) ~ soil structure: the arrangement of
soil particles in various aggregates differ-"
ing in shape, size, stability, and degree of

adhesion to one another.

Knowledge of the specific SOIL CONDITIONS of
a site is particularly important for the
determination of:

~FOUNDATION SYSTEMS of'roads, infrastructure
buildings.

=DRAINAGE (surface or subsurface) and ero-
sion characteristics.

=VEGETATION (nature and typos} which can be

sustained.

There are two cormenly recognized broad
groups of molls:

-DISTURBED: Soils that have E=en disturbed
by artificial process, such as Excavation,
Transportation, and Compaction in Fill.
~NATURAL, UNDISTURBED: Soils that have not
been disturbed by artifical process. Al-
though natural, they depend greatly on local
conditions, environment, and past geological

history of the formations.

Soils are composed from varying amounts of:
~GRAVEL: loose/unconsolidated rock frag-
ments (ranging from 2mm and greater in dia-

meter) [1].

=SAND: loose/distinguishable grains of
quartz, feldspar, mica (ranging from 2mm to
0.02mm in diameter) [1].

=SILT: loose/unconsolidated sedcmentary
rock particles (ranging from 0.02mm to
1.

lusterless colloidal substance

0.002mm in diameter)
=CLAY:
plastic when moist (crystalline grains lest
n1.

so0ils composed mostly of

{11.

than 0.002mm in diameter)
=ORGANIC SOI.S:

plant material

UTILIZATION OF SOIL INFORMATION IN LAND-USE
PLANNING: {27:p.10}

—GENERAL SOIL MAP is used for broad land use
planning. It allows the study of available
soil resources early in the planning pro-
cess. Such a preview involves consideration
of limitations, restrictions, haczards for
use relative to the various general soil
areas involved.

=DETAILED SOIL MAP is needed for a careful
atudy of individual kinds of soil a3 class-
ified and mapped in accordance with the
given area of interest. Dectailed soil maps
are essential in cpnsidering limitations,
restrictions, or hazaris for use at later
stages of planning. Also,'they are used for
on-site studies of the soil after planning
has progressed to the point of detcrmining

specific uses for specific areas.

DRAINAGE CHARACTERISTICS of soils are part-
icularly important in arcas not scrved by
public sewerage and where on-site scwage

disposal systems will be used.

SOIL INVESTIGATION is conducted in increas-
ing depth/detail/cost as the planning of
the site progresses:
~INITIAL SOIL SURVEY: on-site examination
of surface soil condicions and reference to
a GENERAL SOIL MAP reveal obvious limita-
tionsg/restrictions/hazards for early plan-
ning consideration.
-EXPLORATORY BORING: initial subsurface in-
vestigations (borings) are done on a grid
superimposed on the areas of interest and

on areas indicated as limited/restricted/
hazard in the initial survey.

-CONSTRUCTION BORING: subsurface boring
done at the planned location of all infra-
structure and building footings and roadway

sub-bases for design of the foundation

systems.

When the site is located on an aquifer
(water bearing soil) or in an aquifer re-

charge area, all prospective land uses

should be examined carefully to insure that °

they will not pollute this water resource

[23:p.58].

Soils contain three elements essential to
vegetation growth: water, air, and nu-
trlent; (minerals and humus). Soil, climate
and topography are inseparable vegetation
growth factors. Climate is the most lmpo;-

tant of these [21:pp.246-249].

TABLE OF SOIL CHARACTERISTICS
The following table (fig ¢ ) [from 28:p.3S5}
gives the designer an indication of the
BEHAVIOR OF THE SOIL for an INITIAL SOIL
SURVEY. It serves as a broad outline to act
as a guide in deciding whether investiga-
tions and evaluations by a competent engi-
necr are required/warranted. Wwhen soils aras
explored as foundations for structures,
their natural structure, compactness, and
moisture content are of primary importance.
In addition, the position of the ground

watexr table plays an important role.

The table does not indicate the variation in
a soil formation. The characteristics of
any group are given in relative values only.
Although given a low rating, certain pro-
perties of poorly sui‘ed soils may be im-

proved by proper construction methods.

EVALUATION/PLANNING CONSIDERATIONS

Soil conditions should be analyzed/evaluated
for the determination of foundation systems,
drainage and erosion characteristics, and
the nature and types of vegetation which can
be sustained.

=SOIL - (so0il maps, charts) - Soil Charac-
teristics to be dectermined: Natural Struc-
ture, Moisture Content, Compaction, Work=-
ability, Shearing Strength, Compreasability
and Expansion, Drainage, Potential Frost

Action, Corrosion Potential.

Colunn 43

WORKABILITY AS A CONSTRUCTION MATERIAL

A seasure of the case with vhich a soil is handled
and traversed by ordinary construction equipment.

Column 5

COMPACTION CHARACTERISTICS

Differentiation of the soil groups with reference to
_ the cape with which proper coopaction can be obtain-

o3, with the assurption of reasonably suitable com-
paction equipoent being used and with proper control
of roisture content.

CQoivan 61

SHEARING STREIGTH WHEN COMPACTED AND SATURATED

It is not an intrinsic property of a given solil,
shecaring strength varies over a considerable range
with varying conditions, such as density, moisture
contant. and decree of consolidation.

Column 7:

COMPRESSIBILITY AND EXPANSION

Volume changes because of loading or moisture
variation.

Coluzn B:

DRAINAGE

Drainage character!stics have been rated from
excellent (very porous) to very poor (impervious).

Column 9t

POTENTIAL FRJIST ACTION

Frost action is the heave caused by ice lenses
foroing in a soil and the subscquent loas of
strerjth as a result of excess mcistura during
thaving periods. *

" column 10:
_CORROSION POTENTIAL


http:123:p.S8
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CLIMATIC 2ZGNIS (fig § )

illustrates clima-

tic zones determined by Relative Air Humid-

ity (dry, moderate,

ture (cold, tempcrate, hot).

idenzified.

hunid) and Air Terpera-

Ranjes of human body comiort

Nine zones are

Average monthly humidity and temperature of
a locality can be plotted to represent an
annual curve which beccre uscful as refer~
ence points.

The following annual climatic

curves are shown in fig b =

are those within the shaded are: ~LONDON summor: Temperate/Humid
-Air Temperature Comfert: working 15-18 C winter: Cold/Humid
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The following matrix CLIMATIC FACTORS,

CWELLING ENVIRON
TROLS (fig 1§
environment elex
affecting then a
these factors:

Materiala (M),

MENT ELIMENTS,

ents,
nd

Orientation (0},

BASIC CCli-
} shows different dwelling
climatic factors

the basic controls of

Design (D},

The matrix emphasizes the

impor ance of orientation and design in

climate control.

Materjals are basic con-

trols only in the cases of walls and roofs.

CLIMATIC YACTORS,
DWELLING ENVIRONMENTS,
BASIC CONTROLS

WINDS, STOFRMS, FOG, TAMPNESS, TEMPERATURDS

INVEFSIONS may be critical and should be

studied, particularly in reiatien to other

conditions such as: views, flooding, dust/

dir:, smoke, fures, odors, noise, and viora-

tions.

In many arecas it is important to check:
-Oirection, Spced, Freguency of prevailing
WINDS, STCORMS.
-Frequency, Duraticn, Intensity of FOG,

DAMPHESS, TEMPERATURE INVERSIOKS.

WINZ veloc:ity can

ke measured by tre BLAUTCFT SCALE:
%3]

~Calr

~Hurricane

STCRMS

waich are often

usual force or direczior”,

accompanied by rain, snsow, hail, thunder and

lightening, or flying dust/dirt.

TLIYWATIC FAZTORS

ELEMENTS

suw TINPCRATURD HUMIDITY ANIN
WALLS 0 M M o ) o ¥
OPENINGS 0 D ) 0 o o ) o )
POOF o M > oM | D M
OVLRHANG 0 ) _ o ) ) -
SUNDREAKERS i [ D
SCAEENS o kS - i o 2 o D
SHRUBS, TREES, ETC. o o )
Lot o 0 o
STREET o D ) o o o D

DAMTNESS is characterized by moisture, hum-
idity, and FCG by awro<pheric maturation

with maisture, humidity.

Arcas subject to TEMPYRATURE INVERSIONS,
which result in hazardcous air pollution,
should ke studield carefully, Identification
of the major wiND direcstions, particularly

those asscciated with inversion conditions.

can indicate the best ventilated sites. 2

8ite located to the windward of the urbtan
air pollution sources will minimize the
pollution hazard to the development. [2]3:

p.C4]
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DESIGN ISSUES/GCRLS

CLIMATIC CNES
see 'Ciimataic
Tones' chart

CLIMATIC FACTORS

AFFECTING CLIMATIC

20NLCS

sun

wWinD

RAIN

HGT = DAY

iOT - HUMID

COLD - DRY

COLD - HUMID

IDEHX

Maxicize
expnsure

Retard inward
flow of heat

IDEM

Petard outwatrd

flow of heat

I10EN

Reduco effncts by
promoting air
movesonts

Occanional
protcctions
against hot

wind and crosion

IDEM

Oceasional
protection: -
azainst cold
wind and erosicn

Occanlonal pro-
tections

Aqainst cerbined
rffectst rain-"
wind;

To permit maxi-
mum Npeninse to
crol the airg
Againat erosion

Qccaninnal pro-
toctiont

Aqainst corbined
eff{cctas rain-
wind;

Protection
agains: erosion




Exarples:

19, EXISTING
STRUCTURES,
EASEMENTS,
OF-WAY

DEFINITIONS

-STRUCTURES (SXISTING)}: buildings, walls,

fences, culverts, bridges, roads, railways,
RIGHTS utilities, etc.
~EASEMENTS: (elevated and underground)
electric power lines, telephone; (under-
ground) sewerage, storm drainage, gas,

STAUCTURES (EXISTING), EASEMENTS, RIGHTS-Of- water supply; canservaticn; scenic, open

WAY “  space; etc.

-RIGHTS-OF-WAY: land area ccantrolled by

: . - i -
STRUCTURE ({EXISTING) {*) something con future or present transportation pathways.

structed or built {on the site).
EASEMENT (*) - servitude: a right in res-
pect of an object (as land owned by one per-
gson) in virtue of which the object (land) is
subject to a specified use or enjoyment by
another person or for the benefit of another

thing (1). -

RIGHT-OF-WAY{*) - a legal right of passage
over another person's ground (land); the

area or way over which a right-of-way ex-
ists (such as): a path or thoroughfars

which one may lawfully use, the strip of
land devoted to or over which is built a
public road, the land occupied by a rail-

road, the land used by a public utility.

T ooay be: [J]
-An acguired right of use,
{shcrt of awnership) an lants carel by
4% an eascrert of light, of Luilling u
right-of-w, They ray be g
tine dejenlent uptn the eacemant
-Conservation Fas o
public and droas o cprn pravately owned lamds
for recreastional 506 Or to restrict the use of
private land in order to prewerve cpen space and
protest rertain matursl ressurces.  Sone casements
are negatave, preventing the owner from using his
land for specified purjoses such as erecting a bill-
board or cuttinj trees; and, sone are positive, such
a3 water access or hixing casemcnts.

-Scenic Easement: the grant by a landowner to a
road agency of the right to use his land for scenic
enhancenent. This easemznt bars the owner from
changing the use or appearance of his land without
the eamement holder's consent.

nt:  An CcArneres

~l

EVALUATION/PLANNING CONSIDLRATIONS

tructures, €35 ts/nervitudes, r;ghts-of-

way may exist on tht site and their effects/-

irpiications should L2 considered.

=STRUCTUPRLS (EXI5

OF-WAY - (site plan) - Characteristics to be
existing Structure,
Eascrent, Right-of-way: description and lo-
cation, positive and negative conditions,

influence in layout.



20, WATER SUPPLY,
WASTEWATER SYSTEMS:
SANITARY SEWERAGE,
STORM DRAINAGE

WATER SUPPLY

DEFINITIONS (See: PLANNING CONTEXT: WATER

SUPPLY)
EVALUATION/PLAKNING CONSIDERATIONS

Alternatives for supplying water to a site
are the sare whether the site i{s within a
major distribution grid (as in an urban
area) or outside a major grid (as in a newly
developed fringe area).

The alternatives

are: [19: p. 20]

-Connection to an existing distribution net-
work.

-Development of a new central distribution
network.

~Davelopment of individual water supply sys-

tems.

Since the systems for water collectaon,

transportation, treatrent, and distribution
are planned/provided/rezulated by national/
reqional agencies, the developer is primarily
concerned with the avajilable supply of water

for distribution at a site. Connectien to
an existing distribution system is mest de-
sirable. If the site cannot be zonneccted to
an existing system, the possibility of a

central system should be explored with the
appropriata authorities. Individual water

supply systems are generally not appropriate

in urban situations.

The availzbility of water supply at a site
should be analyzed/evaluated to dc;erminc

its suitability/consistency in terms of the
following existing and/or projected condi-

tions:

~CONNECTION - (urban arca/site maps, charts)
Conditions to be determined: Possibility
of connection; Distance from site to main;:

Costs of connection, piping to site.

-CAPACITY - (charts, tables} - Amounts to be

determired: (Quantity, Pressure in relation

to demands.
-QUALITY - (public nealth authorities) -
Conditions to be verified: Water source,
system protection; Bactevriological guality;
Physical characteristics; Chemical charac-

teristicsa.

—OWNERSHIP/CONTROL/ADMINISTRATICYH - Condi-

tions to be determined: HNames, Addresses of

local ageacies; Type of control: Private,

Public; Efficiency of operation, maintenance.

SANITARY SEWERAGE

DEFINITIONS (See: PLANNING CONTEXT: SANI-

TARY SEWERAGE)
EVALUATICH/PL/ANNING CONSIDERATIONS

Alternatives for sanitary sewerage collec-
tion and disposal from a site are generally:
[19: p. 108}

-Connection to an existing scwer system.
-Developmnent of a new cormiunal sewer system.
=Development of individual sewage disposal

systems.,

Since the systems for sewage collection,
treatment, and disposal are plaaned/pro-
vidcd)rugulqtod by wmetropnlitan/municipal
agencies,

the developer is primarily con-

cerned with the means of scwage disposal
available at a aite. The connection to an
existing sewer system i3 moast desirable.

If the site cannot be connected to an

existing system, the possibility of a com=
zunal system should be explored with the
appropriate authcoritioes. Individual sewage
disposal systems are generally not appro-

priate in urban situations.

The availability of sanitary sewerage at a
site should be analyzed/evaluated to deter-
mine its suitability/adegquacy in terms of
the following existing and/or projected con-

ditions:

—CONNECTION -~ (urban areca/site maps, charts)
Conditions to be determined: Possibility, of
connection: Distance from site to main;
Costs of connection; piping from site.
=-CAFACITY ~ (charts,

tables) - Amounts to be

determined: Flow, Velocity in relation to

the loads.

—OWNERSHIP/CONTROL/ADMINISTRATION - Condi-

tions to be determined: Names, Addresses

of local ageancies; Type of control: Private,
Public; Efficiency of operation, mainten-

ance.
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STORFM DRAIKAGE

DEFINITIONS (See: DPLANNING CONTEXT: STOPM

DRATINAGE)
EVALUATION/PLANNING CONSIDERATIONS

Alternatives for stormwater collection and
disposal from a site aro genera’ly: (8:

p. 48]

~Connection to an existing storm drainage
systen,

-Use of existing natural streams/valleys.
Since the systems for stormwater collection
and diasposal are planncd/provided/regulated
by regional/metropolitan/municipal agencies,
the developer is primarily concerned with
the means of stormwater disposai available
at a site. The connection to an existing
storm drainage system is most desirable.

If the site canrot be connected to an exist-
ing system, the use of cxisting naturrl
streans/valleys should be explored with the

appropriate authoritics.

The availability of storm drainage at a site
should be analyzed/evaluated to determine
its suitability/adejuacy in terms of the
following existing and/or projected condi-

tions:

~CONNECTION ~ {urban area/site maps, charts)
Conditions to be determined: Possibility of
connection; Distance from site to main;

Costs of connectlon, piping from site.

~CAPACITY - {(charts, tables) = Amounts to be
determined: Flow, Velocity in relation to

runoff.

~OWNERSHIP/CONTROL/ADMINISTPATICON - Condi-
tions to be determined: lames, Addresses of
local agencies; Efficlency of operation,

maintenance.



21. ELECTRICITY,
STREET LIGHTING,
TELEPHONE, GAS

ELECTRICITY

DEFINITIONS (See: PLANNING CONTEXT: ELEC-

TRICITY) '
EVALUATION/PLANNING CONSIDEPATIONS

Since the systens for electricity gencra-
tion, tranamimaiun, and distribution are
planned/regulated by national/regional/met-
ropolitan agencies and provided by public/
private suppliers, the developer is pri-
marily concerned with tho available supply
of electricity for distribution at a site.
The availability of electric service at a
site should be analyzed/evaluated to deter-
mine {ts suitability/adeguacy in terms of
the following existing and/or projected con=-

ditions:

-CONNECTION - (urban area/site rmaps, charts)
Conditions to be dctermined: Distance {rom
site to power lines; Costs of hookup, trans-

mission to sits.

-CAPACITY - {charts, tables) - Conditions to

be determined: Demand peak: Frequencies,
Duration, Power consumption volurmes; Average

powWwer usage.

~OWNZRSHIP/CONTROL - Conditions to be deter-
mined: Hales, Addresses of local agencies:
Type+<of control: Private, Public, Coopera-
tive, Industrial; Standard of Servica:

Reliability of service, Quality of service.

STREET LIGHTING

DEFINITIONS (Sce: PLANNING CONTEXT:

STREET LIGHTING)
EVALUATION/PLANNING COKSIDERATIONS

Since street lighting is planncd/regulated
by metropolitan/municipal agencies and, in
virtually all cases, provided by the local
supplier of eclectricity, the developer is
primarily concerned with the availablility
of eléctricity for street lighting at a

sitae.

The availability of street lighting at a

gite should be analyzed/evaluated to deter-
mine its suitability/consistency in terms of
the following existing and/or projected con-

ditions:

-COKNECTION - (utility maps, charts) - Con-
ditions to be determined: Distance fron
site to power lines; Costs of hookup, trans-

mission to site.

=-LIGHTING - Conditions to be deterninoed
along approach routes: Level of lighting,

Spacing of luminaires, Height of mountings.

~CUWHERSHIP/INSTALIATIQN/OTCRATION ~ Condi-
tions to be determined: Names, Addresses of
local agencies; Type of control: Electric

utility, Municipal: Reliability of service.

TELEPHONE

DEFINITIONS (Sce: PLANNING CONTEXT: TELE-

PHONE

EVALUATION/PLANNING CONSIDERATIONS

Since the systems for telephonc switching
and transmission are planned/regulated by
national/regional/metropolitan agencies and
provided by public-private companies, the
developer is primarily concerned with the

availability of telephcne service at a site.

The availability of telephone service at a
aite should be analyzed/evaluated to deter=
mine its adequacy/quality in terms of the

following existing and/or projected condi-

tions:

~CONNECTION - (utility maps, charts) - Con-~

ditions to be determincd: Distance fron
site to transmission lines; Arrangement of
cables: Overhead, Underground; Costs of

hoockup, transmission to site.

=~UWNERSHIP/CONTROL/ADMINISTRATION - Condi-
tions to be determined: Names, Addresses
of local agencies; Operaticnal efficiency

in terms of: Switching, Transmission.

DEFINITIONS (See: PLANNING CONTEXT:

EVALUATION/PLANNING CONSIDERATIONS

Since the systems for gas collection, trans-
portation, storage, and digtribution are
planncd/regulated by national/re%lonal/met-
ropolitan agencies and provided by public/
private suppliers, the developer is pri-
marily concerncd with the available supply

of gas for distribution at a site.

The availability of gus service at a site
should be analyzed/evaluated to determine
its suitability/adequacy in terms of the

following existing and/or projected condi-

tions:

~COMNECTION - (utility maps, charts) - Con-
ditions to be determined: Distance from
siteo to mains; Costs of connection, piping

to cite,

~CAPACITY - {(charts, tables) - Amounts to

be determined: Volure, Pressure in relation

to Jemands.

-3YSTEM QUALITY - Characteristics to be
checred: Safety of the network in relation

to: Age, Maintenance.

~OWNLRSHIP/ORGANIZATION - Conditions to be
determined: MNames, Addresges of lecal
agencies; Type of control: Private, Pub-
lic; Efficliency of operation, maintenance;

Competitiveness with electricity.
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22, PAVED ROADS,
WALKWAYS, PARKIN

23. PUBLIC
TRANSPORTATION

24, POLICE, FIRE
PROTECTION

25. REFUSE COLLECTION

REFUSE COLLECTION

DEFINITIONS (Sce: PLAKNING COKTEXT: RE-

FUSE COLLECTICN)
EVALUATION/PLANNING CONSIDERATIONS

Since refus¢ collection and disposal service
is planned/regulated by metropolitan/munici-
pal agencies and provided by public/private
collectors, the developer is primarily con-
cerned with the mcthods of refuse disposal

avajlable at a site.

The availability of refuse collection ser-
vice at a site should be analyzed/evaluated
to determine its suitability/adequacy in

terms of the following existing and/or pro-

jected conditions:

-CAPACITY - (charts, tabies} - Quantities
collected to be determined in relation to

those produced.

=QUALITY OF SEFVICE - Conditions to be de-
termined for each material collected: Cost;
Frequercy of collecticn; Preparaticn: Sep~
aration, Sepcial treatment, Storage, Loca-

tion of receptacles, Quantity limitations.

=RESPONSIBILITY/CONTROL - Conditions to be
determined: Nares, Addresses of local

agencies; Type of collection responsibilicy:

Government agency, Contractor under contract -

with government, Contractor under contract

with refuse producers, Producer of refuse.

HEALTH

SCHOOLS,
PLAYGROUNDS

RECREATION,

OPEN SPACE
" OTHER COMMUNITY

FACILITIES

BUSINESS,

COMMERCIAL,
INDUSTRIES,
PROFESSIONAL

PARKS,

SMALL

GOVERMMENTAL/MUNICIPAL
REGULATIONS

31. MASTER PLAN

52, ZONING ORDINANCE

33, SUBDIVISICN
REGULATIONS

3, BUILDING CODES
35, TAX STRUCTURE
36, OTHER



PLANMING CONTEXT
Guidelines for Development

Land
Deveclopment

33.
34.

as.

3.
37.
38.
39.
40.

LARD USE: RESIDENTINL

LAND USE: BUSINESS, COMMERCIAL,
INDUSTRIAL

LMD USE: SCHOOLS, PLAYGROUNDS,
PARKS :

LAND USE: MISCELLANLOUS ) °
INCOME SECTOR

INTENSITY OF USE

LAND TENURE

LAND SUBDIVISION (Basic residential
layouts)

Circualation

Utility
Inf{rastr.cture

Time

Socio-Lconomic
Political

- 41.

42.

43.
44.
45.
46.
47.

45,
49.

50.
51.

EXTCRIOR ACCESS
INTERIOR CIRCULATION (Modes, parking)

WATER
SEVAGE
ELECTRICITY
TELEPHONE
REFUSE

DEVELOPMENT MODE
IMPLEMENTATION

FINANCIAL PLAN
SOCIAL



33. LAND USE:
RESIDENTIAL

In any urban settlemcnt the greater part of the land is

used for residential purposes (around 50V}, which means

occupied by the “dwellings and their grournds. The

amount of residential area for a given population varies
considerably. This wide variation is a function of the

type of dwellings and nurber of stories (detached, semi-
detached, row, walk-up apartments, high rise apartments)
and also the nurber of people per dwelling (or number of
people per family).

It is important to easily relate these factors; with
this purpose, the tables shown on the following pages
have been prepared..

The tables will allow:

to have a comparative idea of the areas required;

to compare different choices;

to combine different types of dwellings (examples?)

FACILITIES/SERVICES REQUIRED
(See other Land Uses)






POPULATION DENSITIES PER Ha., PERSONS PER FAMILY, NUMBER OF FLOORS,
TOTAL UNITS, UNITS PER FLOOR, LOT AREAS
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34. LAND USE:
BUSINESS/COMMERCIAL/INDUSTRIAL

DESIGH CONSIDERATIONS:

In an urban cettlconent the business, cerrercial and

industrial uses ordinarily take a srall part of the

land (around 10%). It is 3 rmay crow at

the cxpense of residential ia t is very cownon that
at s=all scales, 2 part of the dwellinz is for business-
comrercial, sr3ll industiry or business, cermmercial, smal
irndustry buildings, contairs a dwelling: at large
ncales, Lkusiness, comzercial, occupy the ground fleer an
apartrents occupy the flocrs ateve aiso the complete lot
In short: land for business, commercial, snall industrie
are a small percentage of the whole settlement and, in
addition, can be intcarated in a building with dwellings
As a consequence, THE DETERMIKATION OF THESE AREAS IS
LESS CRITICAL THAN OTHER AREAS--ONLY %HE LOCATION IS

CRITICAL.

NOTE:

(Charts N° of inhabitants
Area of B. C. X.
Area of B, C. I. Ha/l1000 inhabitants
Include: Planning design interim figures - pg. 189-
231-232.
Also Super Manzana - Germany - San Juan
Make comments - should be. incremental values
German












when

it is convenient to COMBINE BUILDING

The accompanying charts show different sets of SITE The building site includes areas for buildings, adja- possible,
STANDAPDS for Latin America, U. S. A., England and cent spaces, buffers, parking, service yards, and SITZ AND FTLAYGROUNDS because:
information on: Supporting peopulation: type of facility landscaping. Playgrounds inciule areas for sportsfields 1) Facilitates the use of playgrounds, which although
pupils: grades, age, number: areas: building site, Building site and playgrounds include corbinatiors of it is a community facility, it is mostly used by
playground, building site and playground: location, both areas but are not nccescarily an addition. the schoel childreny B
source. 2) Toiiets, showers, and locker facilities can be
shared;
3} TFermits a reduction on the total area which is not
possible when the two facilities are separated.
SCHOOLS SITE STANDARDS - ;
PUPILS RREA
SUPPORTING ” P SLAYGRAUND SITCT
POPULATION s pLoaheoe PLATIROUND _
(PEOPLE) TYPE OF FACILITY ToF - LOCATION NOTES
GRADES| AGES {POPULA-|NpManF ia nz/ Ha :32/ ‘ia =/
T1oN P P ?
Kindergarten c.30 1¢ Latin aoU . d rinimum standards agency for
750 . OURCE: Proposed rminimu g Y X
Prirary School 5-14 258 18g 0.60 32 America -i)ntcrnational development-Washington, D. C.,
1.63 1956 .
2,500 Primary School 5-14 25% 625 2.¢h ;g
(1) 3.co | 16
7,500 Iden 5-14 25% | ,g875 6.00 | 32 (1) More than one school
15,000 5-14 25% (1 6.00 | 1€
’ Fden 3,750 12.00 | 32
1;'233 Sperts Ficlda
.
600“) Infant Park 0.C5S 17 0.05 17 Central SOURCC: Normas Minimas Urbanizacion centro
7 5-6 S% 30 M Aoerica Interarericano Vivienda y planea miento-Bogota,
- Colombia, 196€8.
6,000 Tden 5-6 5% 360 0.50 | 17 0.50 17 ’
(2} Primary School 0
€,000 roren Ground 7-14 | 208 | 1,20 1.00 8 1.00 8 2.00 16 (1) Estimated 100 families
6,000¢2) Parks - .
0.50 0.50 (2} Estimated 1000 families
30,0003 | Secondary Scrool 15-15 | 10% | 3,000] 1.50| s 1.50 5 (3) Estimated 5000 families
10 000(3) Parks
' Sports Grounds 2.50 2.50
2,000 Secondary Schools] . 15-1% 20¢ 0.34 17 0.04 2 0.38 19 Latin SOURCEZ: Edificios para Educacion media en
d erica hmerica Latina CONESCAL-Mexico, 1968
20,000 Idem 15-19 2,000 | 3.40 17 0.40 2 3.80 | 19 .
goo(“ Kindergarten 5-6 60 a.023 4 0.023 4 ~olozbia SOURCEZ: Provecte Sogamosce-Paz de Rio-CINVA-
R Bogota Colorbia 1956 -
4,000 | Prirary School 7-14 525 }1.01 19 101 | 19 (1) 120 familics
(2) - - (2) €00 famiiies
12,000 Secondary School 15-19 450 1.25 23 1.25 28
T G heE e -t P - 3 3 Cs 3
5,000 Primary School |1’000 I 0.4 l 4 l 0.80 ] 8 ‘ 1.2 ] 12 l Venezucla ’bcvnu.. Estudios, Fsguemas, Ejemplos Escuelas

frimarias Ministerio Educacion-Venczucla 1963
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APEA

PUPILS — . ay - ZiiE &
SUPPORTING * SITE PLAYGROUND PLAYCROLED
POPULATION TYPE OF FACILITY T or 5 LOCATION NOTES
H .
(PEOPLE) Grapzs | AGES [PoPULA] RUMDLR N Ka [a%/ Ha w?/
TICN P P .
(1) B U.S.A SOURCE: The School-N.L. Engel Hardt, Jr.
1,600 Hursery School 3-4 40 i Architectoral Ferum
: 1 stimate mili
Kindergarten 5 (1) Estimated 400 families
4,000 [, 660 1.20 15 1.2 15 2,001} 25 SOURCE: Proposcd Standards Public Educational
5. 400 iementary Schocl 1-6 6-11| 15% G0 2.00| 2 2.50 s 4'?,}', 50 Facilities Detroit City Planning Commission =
T6 000 Tooe T 3 17,00 Too ]_' PR 133 Detroit 1960 (1) Combined Use
v A e o - 5 Uy - - 6. ~h i
20:000 Junior Hich School 7-9 12-14 6% 1200 8.00 66 16.00 133 :0.06 166 (1) Combined Use
34,000 feni . 1o-3 15-17 1760 6.an!l 30 12.00 60 l1g.00"} 950
46,000 Senior High School iz 5¢ | 2c00 f1z2.0 ¢ 60 | 16.00 80 |2a.00 110
- Crban 50 U.Ss. SOURCE: Professor Howard, Department of Cit
Elementary School cyburban 24 A Planning,™ . I.T. 1969 ! i ¥
: R Urbaon 53
Junior High Scheol Suhurban 100
i N Urban 50
Senjor High School Suburban 133
T
2,500 Jursery 40 Jo.10 25 1&;0** o SOURCES: Greater London Plan, 1944
GLAN
Prirary School Abcrcrombie, London, 1945
5,000 (infant! 175 | 0.86 45 | 0.40 22 1.20 68 -
5,600 X(‘;u:‘-;gi) cheol 289 0.£0 28 } 1.20 42 2.00 71
Seconlary School F -
20,000 {(t oys rodern) 450 1.20 26 5.2 115 6.40 142
... 60 Seccnsary 450 li.zo 26 | 5.2 115 | 6.40 142
{girls —
Sescrn lary Schoel
30,000 270 0.80 23 3.2 18 4.0C 148
60,000 jco e.eo 22 ) 4.e 122 | s.20 | 144
60,000 362 f 0.80 22 ; ARR] 122 5.25 144
60,000 | 270 | 3.6 133 ; 5.4 237 10 372
:
60,000 Tcchnical College J -




The accorpanying chart sumarizes the preceeding charts As the chart shows the difference in physical standards IN SECONDARY SCHOGLS: The area per pupil in-Latin

and pernmits a comparison of different sets of site {site arcas) between Latln Anerica and U.S.A./Engiand America is mere than 12 tires smaller than i{n U.S.A./

- : : 2 i1
atandards for _.latin aArerica, U.5.A., and England for . England: Latin A:orica = 19m%/pupil: U.S.A. @ Junior
High School 133/166m%/pupil plus Senior Hich School 5
90/11-':-\2,;vu; il; ©nsland {(Londen) = Modcrn S5chiol 142m“/

A - PP 2P
pupil, Technical Scheel 148 /pupil.

is guite remarkable.

supporting population of €0,000 people. 2
IN PRIMARY SCHOCLS: Latin America 162"/pupil; U.S.A.

ZS/SOmZ/pupil; England {Lorndon)} 71m“/pupil.

Overall area per

- pupil for a suprorting population of 60,000 pecople:
Latin frerica 227\2/pupll; U.S.A. 70n2/pupil: England
94:.12/;‘;1;::1.

SCHOOLS SITE STANDARDS, (SUMMARY)

2 7
— N - 3 4 5 6 AREA
1 SYPE 25 scitoot PUPILS I NUMBAR OF TOTAL NUMRER TOTAL AREA 2" PUPIL ‘B'UTES -
LOCATION PACILITY EACH SCHOOL STHOOLS OF PUPILS Has m /1‘1’1"" "7
LATIN 5 : (1) Normas Minimas Urbanizaclen-Centre
6 0 5 7
RMERICA Infant Park (1) 0 ’ 3090 L Interarericand Vivienda y Plancamiento-Bogota-.
(Central Prima 1 - Colembia-1969-Paises Contro Americanos.
Anmerica) imary ) 1200 10 12,000 <0 16 (2) Edificios Para tducacion Media en America
Latina—CO::ZSC;\L-Moxxco—19_68.
Parks (1) 5
Secondary  (2) 2000 3 6000 1140 19
Parks {1) 5
TOTAL 63 21,000 46.40 22
‘352;':&“, Nursery 3) 40 40 1500 SOURCES: (3} The School, N.L. Engelhardt, Jr.
{ .
Architectural Forum
Elementary  (4) 600 15 9060 30 25 (4) Proposed Starndards, Public Educational
Facilities, Detroit City Planaing Commission,
. . Detroit 1969.
Junior High (4) 1200 3 3600 60 166
Sernior High {4) 1500 2 3000 30 160
TOTAL 60 17,260 120 70
ENGLAND Nurnery (5) 40 2¢ 960 2.40 25 SOURCES: (5) Greater London Plan, 1944
{London) - Abercrorbie, Lnndon, 1945
m‘,“;ury. (5) 175 12 2100 14.40 58 The sarme source also included a young people's
(infant; college and a techniecal college with ~ total of
Prizary sy | _ 24.00 71 10 Has. -
(junior) 280 12 3360
Secondary (5) 142
{boys, rodern) 450 3 1350 15.20
Sccondary {5) . 19.20
(girls, rodern) - 150 3 1350 142
Secondary {5} o
(technical) 270 2 549 6.00 148
Secondary (5) - 360 5.20
(boys, grarmmar) 360 1 144
! Secondary (5)
(girls,grarmar) 360 1 360 5.20 144
! TOTAL 58 10,380 97.60 94 ’




SCHOOLS SITE SKETCHES — 16 Modules x 9=144m —f_ - 13 Modules x y2ilim —————p=
T ¥ T T T T T T T T T T T T T Al T T T T T T T ¥ T v
ELEMENTARY SCrOOL (Latin Armerica) i 7 i ]
30 classroors x 40 pupils = 1200 pupils l L CR 2 storics
Sowiom mimmon ] HENEENEEE
Module = 9.00 meters | kS 90x45a mininun 1
Typical classroom = 9 x 9 m. GACM 7 ICT
Site area = apprgximately 2 hectares - E I cr [ Yan
16 m“/pupil B | - first |
I E story
-
- B - o 4
. & L CcT -
The orientation shown is for the following x B - - 5 - e
climates: o ‘=:>E ~ -
2+ ] - 4
HOT/TEMPERATE temperatures 5 | P=30 Cars 2
. CR
DRY/MODERATE humiditiec E - E x T " [second]
The orientation provides maximum protection w CR 2 stories s L | dstory |
- - —
from the sun to the classroom openings. - hD 3
s ] 2t E
[ory CT’ =
L o | Pe30 Cars ]
KEY ~ - _{7] l l ] l l ] - Soccer-piayfield @
[ 1 11, ] R =
- 2 stories - minimun CcT
E = Entrance
AD = Admimistration 7 GaM  J¥S
CR = Classroom -1 1 1 1 1 L L 1 " I 1 1 1 1 3 o B
cT = Circulation, toilets - .
GACM = Gymnasium, auditorium, cafeteria,
multi-purpose room 3 X
XS = Xitchen, services o @‘
] 10 Y
P = Parking e ————— 2 =" ' PP S S S S S S S Y-
—*—-—— 17 Modules x $=151m ———+' -1———— 17 Mocules x 9+153m —_—
v T T T T T T T T T T T T T T T T T 1 T T T T T 1] T 57 T T
X . - v 4
E
CR 2 stories CR 2 stories

14' Hoduleo x 9~126m

Soccer-playfield
90x45m
minimun

12

Tl

[Syy

ACH

=30 Cars

i

14 Modules x 9=126m

L1t

rlltl

Incorr
S= rintmun

Tpiayficla

2 stories

CT







38. INTENSITY OF USE . ’ ’

DEFINITIONS:

POPULATION, DENSITIES, AREA REQUIRED | ) , -

.t BoVRaY IS0 SN ITHES
Iy B aa ety w00 wES SmA 10O

The INTLNSITY OF USE (or DERS:.7) indicates the number
of lots/persons/families per ait in a subdivision.
The density of a residential subdivision must be within

R TN Y

P LR R R R R RN
"% d : d

YT TR

1e

ecscsreemanee cssavae

a certain range of accepted standards that will ensure { CeTl2 Cefl -
an cfficient, economic, and functional development., « 3 ro r‘,.,::
3 - rern
- ; h Gt Y
- < L= Calre
- . -
- 7
DESIGN CONSIDERATIONS: 3
- a2 -
o
A TOO LOW DENSITY does not allow intensive development e
of commercial arcas to justify their inclusion; a ¢ ’
: r “ —
higher density will allow better land utilization. SE -
. - . L1
- N -
ac
- - _ 1c -
o R
Sal EOA
- 3z .
PRYs AN R
- L4 s 2
633 Tooen
T3¢ felnt
- P Peran
ERE) Teb 9D
- 1738 bomt?
P ) RS 4 R 2.028
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<o “u Tt “ett “nek
- L I] Taie? LN S 56n
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- - S ol
- - b damnh
- z - GAns 10,019
- - 1"3; ttetll
° - 12,022
i - - 313,11
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DL YN
B PRI N rhioh?
HER 4 *1.18
1 1 1y, 35Q -
’ Iy o7 1172.- 11,00
oLl P 111111
N XTI A PN
AR P (R
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- lerraee? Tleg. st e “lh.
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- 9CCC. N0 ~ol LI ery 18,77 50 1249, 714 112807 1o00.c00
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39. LAND TENURE

DEFINITIONS:

LAND TENURE is the act, right, manner or term of

holding land property. There are several types of

land is held and for what period of time. These legal
definitions are established to determine the division

of property armong various owners, or the relationship
between owner and occupier, or between creditor and
owner; and between private owners and the public, and
includes the asscessment of taxes on private land rights
" and the regulation of land use through government
control.

There are TWO BASIC FORMS of land tenure:

1. LAND OWNERSEIP, where the exclusive right of
control and possession of a parcel of land is held.

2. LAND TENANCY, which is the temporary holding or
rmode of holding a parcel of land of another.

The EIGHT BASIC TYPES of urban land tenure are
described in the following table:



LAND TENURE TYPES

LI B . . . CAPACITY TO CHANGE
:‘r“:’pg“ DIISCRIPTION/PEFINITION QUALITFICATION ATD DEGRLE OF TENURE CONSTRAINTS WITH TINE
Highest ferm ¢f personal ownerchip: the owner
FRELIHOLD PREE holds the larcest possible quantity of rights
OWHERSHIT :(I_:"}:E: for the lonacst period of time. The rights
The absolute tenure of land to a sl are effuctive inrnediately. Rll rights of owner- Will remain until sold
person and his heirs without N ' . divisi P ship except the right or changed ir form by
restriction of time. Subject to mortcage: requires a division o of State to tax, con- owner. Maximum
MORTGAGE EQUITY title between the mortgagee (the superior demn, and police. flexibility.
1 Land held in ownership with all owupRsnip | interest) and the owner's claim (equity
PRIVATE private rights except the payment interest) Additional cost of
LAND of taxes and the rights of State land due to credit
OWHERSHIP to condern and to police. INSTALLMENT A lesser form of mortgage. Land is purchased (interest) charge.
PURCHASE o] by installment paynients over an extended period
v WRCRSHIP | of time.
I~ The riunt to Use Of profit irom
Lo 3 parcel of land without becom--
ing the owner or formal leasec. USUFRUCT
] Leaal possession by decree
= wrihont charae.
W - -
3 P bortion of &n easate 15 praivately owned with T £ ' s Flexibality in conver-
w Mutual agreerment under which the agreement to contribute to the upkeep of ransfer of portion sion of small parcels
g Z‘EI:J'?;HIP two or rore parties join to e “39“”‘“3" CONDOMINTIUM| common grounds or property. Condominiums may E\Eb‘.’r“:atc gropcrt{ thorizontal} into larg-
i build or buy as one. COOPERATIVL be cither vertical (building) or horirontal ;f ggﬁdnn?nipzrcva cr area for joint
{cluntrrs®, B um. Aavrlapmoent.
Illcjal possession or invasion ini i
3 L N =2 Minimal rights to pro-
of land in wh 2
ILLEGAL or private :w:mg: io‘i’gz‘;:::ent : SQUATTING | SQUATTER perty. Tenant may be
TENURE possession TLXURE leqally evicted.
4o n . - 3
PUBLIC Privilege of use of public Tand 1:c0RP0OREAL| Easements, rights of way, licensed granchxscs Maximum governmenu
LAND granted by a government. RIGHTS for private use, ctc. are forrs of incorporeal control.
OWNERSHIP rights.
PENTAL Leaschoid with option to purchase HIRE System gives tenant hope of ownership and
WITH OPTION|land at a later date. FURCHASFE. encourages the improvement of his house.
TO PURCHASE
6 Land for building is lcased
LAND rather than purchased. BUILDIKG LAND LEASE
RENT/LEASE |Generally a long term lcase. OWNERSHIP
w RETATES TOR] A lease havinc a definite term of duration.
2 YEARS .
= .
5
> The transfer of the limited . 3 A
L) . rights of possession from ° TENANCY BY | Tenant remains in possession after term of
< } TENANCY landlord to tcnant in ex= LEASE SUFFEPANCE | lease expires.
i (RENT} change for payment or
service.
. Ho definite tern of duratien. A less secure
type of rental.
-'nuxxdxng (structure) wiich is - - -
8 not permanently affixed to the 10 r Building owner may-rclocate shelter when land-
MOBILE land may be moved by building O'PH'_I_L' P lord demands possession or a rent that the
OWNERSHIP owner to other site. NOT A VHERSH tenant cannot afford.
FOPM OF ILLAMND TFMNURE.,




40. LAND SUBDIVISION

UTILITIES AND SERVICES IN URBAN AREAS

Urban areas are expanding rapidly as 2 result of the
prpuiation explosion and rural immiaraz:ioa. 1ln urlan
areas, the provision of utilities and services and
t™ear muntenance ond operation had tecsme one «f the
rore cryvocal preed lens, because of:

w0 the opeed and magnitude of expansion:

h, he large scale implications, inveiving factors such
a1: population, natural resources, dispcsal, pellution,

investment, operation, long term planring.

T .- ruly ‘leals with one general, vet “usic aspect ol
th robler: the cvaluatica of syste: s for the distri-
buti. - Tlertion of utilities and services.

UTTLITIES ° . 1SDE: streets, sidewalks, sanitary and
stor- sews1s, water, clectricity, telechcne.
SERVICES  INCLUDIE: strect cleaning an! repair, main-

tena,

of sewer and water systems, street lighting,
reafasy olicctior, jarbage collection, police and fire

svu*toerton, rail distribution.

s lity and services systems have twe Timponents:
@1 “ires of Jdistribution/ceollection ' =twurks);
b) areas scrved (lots or larger scctors..

Lines of distribution/collection (networks) are usually

in the lincs of circulation: highways, streets, waliways,

which ara nubl.~ly owned lands. In fact, circulation
defines the distribution/collection retworks of the

utilities and seivices. The area served 1s usually
privately owned land. The combination of circulation

lines and arecas; served constitute the urban layout.

In broad terms, this study presents a rethod to nmeasure,
compar: nd evaluate urban layouts as a means to achieve
2ronoDy in the provision, maintenance and operation of
u.ilaties and services.

Furtherr.ore, the method illustrates clcarly some obvious
and practical facts which are usually ignored in urban
layouts; lines of utilitics and services are reduccd
when:

a) lots are larger in areag

b} widths of lots are minimized;

c) access of lots is only on one side and on the
shortest side;

d} connectors that run transverse to the lot accesses
are less frequent.

But most important, the method permits all these diffe-
rent determinants to be quantified, always resulting in
a numerical value. 5o, in similar circumstances,
diiferent layouts will have corresponding numerical
valies which will be comparable and will give a direct
value index of ouy line of utilities and services, what-
ever it will be: scJage, water, street lighting, garbage
collection, street cleaning, etc.

URBAN ARZAS IN DEVELOPING COUNTRIES

In developing countries, the provision of utilities and
services in urban arcas is particularly important
beczuse:

a) populaticn cxplosion and rural immigration are more
acute;

b) one of the primary forms of seottlement is sguatting;
c) site and services programs for settlements are
gaining recognition in government circles.

In sguatter settlements, land is occupied, subdivided a
and very soon covered by all kinds of shelters and
dwellincs built by the occupanta solely by their own
efforts and resources.

It should be emphasizecd that the construction of a
shelter can be cone within the limits of individual/
family rascurces and jnitiatives, bL2cause used, rejected
or cheap raterials can be provided; no special skills or
techniques are required: few and simple tools can be
utilized and the shelter can be always started from a
ninimum.

If the provision of shelter is a rclatively simple
rmatter, the provision of utilities and scrvices for a
cormunity is not: it dcmands pore than individual
cffort. 1t demands, in fact, a collective efrort both
from the community and from th> government in planning
and mobilizing politic-1, econonical, and technical
resources.

In senttor settlerents, utilities and services sre not
provid o qer anticipated initially and very soon thas
becane o vritical matter. Invoriably, the dcvciopmcnt
and improvement of the syuatter scettlerments depend
entirely on the community®s ability to procure water,
sewage, clectricity and other services from the city.
More often than not, unplanned sprawl and inefficient
ot inadequaie use of the land makes the provision of
utilities and services dafficult and uneconomical.

When the latter is the situation, the alternatives

are: cither to pay a high price for the development and
improvement or not to pay and let the comminity stag-
nate.

In squatter scttlements, the need for a simple method
of measurcrent, Zomparison and evaluation of utility
layouts is apparent. The sooner it is applied, w.»

greater are the chances of adequate planning of layout

improvements.

The top priority in lower income groups is not housing,
but maximur opportunities fer erployment; site and
services programs must recognize this. Therefore, only
security of tenure and minimum urban services (water,
eclectricity, sanitation, education, health facilities)
are provided. In addition, in urban areas, some new
basic policies are now being widely recognized:

a) the whole living environment of the community is the
critical determinant, rather than the individual
dwelling unit;

b) existing housing stock including slums and squatter
scttlements should be preserved if possible;

¢} private participation (initiative, responsibility,

¢ nital) should be fully utilized;

&) che lowest income sectors should be reached.
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.= site and services programs as well as in new urban
Sclicies, cfficient planning of utilities and services
is important and, therefore, a simple method of
vvaluatinn becomes an indispensable aesign tool.

EFTICIANCY/EFFECTIVINESS OF NETWORKS

ary s defiwed as a system of lines within a plane

0

iT.ar >+, »cos3ing 7wy intervals.
Iz Figure 1: 11, 12, 13 etc. constitute the network.

Areas ar defined as surfaces included within the net-
work with at loast one side tangent to the network.

% brjute Y: a4, b, €, etc. are areas. -

Tne cfficiency/effectivencss of 8 network can be defined
2s the ratio of the length of the network to the area(s)
c-ntained within, or tangent to it. In the form of an
ezuation:

EZficiency of network = R-value

network length

2reasis) contained Or tangent

~=e R-value varies inversely to network efficiency, a

s=aller R indicates a Ggreater efficiency and vice versa.

I+ can be observed that two categories of efficiency-
ratios can be obtained:

a* these that correspond to each area a, b, ....n, and
t-¢ segments of the network to which each area is tan-
Gents

The first valuc (R) may bc defined as the efficiency of
a whole system. The sccond set of values (R‘. L etc.)
may be defined as the cfficiency of each arca a,b, etc.,
considered reparately.

The efficiency valiacs (R-value) are a function of
certain variables: area, proportion of the rea, rode
of network access (tangency).

The matrix, which is shown in Figure 3, is a —.'le to
illustrate different ranges of R-values as wi.:. 3y to
understand the relationships among the set of variables.
1t contains only sclected magnitudes of the variahles
and assumes an orthogonal system; nevertheless, it can
Le applied to any other system as well., Units are
eapressed in ne retric system: meters (m?), ‘anctares
tita) . The matrix variables are:

AREA:
lm2 equivalent to 1 Has
10,6060
2 . 1
100m equivalent to o Ha;
IO,ODOm2 equivalent to 1 Hag

AREA RATIO:

WIDTH (W) | . .
SEFT @y ¢ 1/ W4 /16,

NETWORK ACCESS MODE: .

Accesses are the sides of the areas tangent to th. net-
work. The tasic configurations are shown in Pigure 2.

A network irplies at least a two directional sys =2m.
The 1 and 2 way corfigurations imply only a onhe direec-
tional systes, therefore, transverse connectors are
added to create the network. To simplify the matrix,
only transverse connectors spaced 200 meters dre «su-
sidered. -



BASIC MATRIX OF R-VALUES
MODE OF NETWORK ACCESS

200 m Transverse Connectors added No Transverse Connectors needed

AREA f e Ty EW“ RS U

Ratio SHORT LONG SHORT LONG SHORT LONG
m2 w/d

)

1/1 P nd
1/4 E - 'j}
1/16 b i
sl S :
1/1 Pl OO
’ 1 @
1/4 § .‘.-.i 2 .'.134
1/16 E ied { '.]
1/1 ! B0l
1/4 i ,(\1
1/16 &_ﬁ_,.:i

(1) Not applicable: .
the 400 m. length of the area does not permit transverse connectors every 200 meters.

Ratios 1/1 are square areas, therefore short = long.
Arrows indicate direction of increasing R-value

NETWORK LENGTH IN METERS (m)
AREA IN HECTARES (Ha)

R~values =

Figure 3. Basic. Matrix of R-Values.
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Figure 5. Residential Sector.

| WIDTH: W |
_] CENTER LINE
|- sesr eI eI Im s s s T

+« NETWORK ACCESS &
AREA

LOT

.

D

DEPTH

R =Wim)
WD (Ha)

Figure 4. Lot.

From the matrix the following observations zan be made:
a) the larger the aren, the smaller is P;

b) the smaller the rumber of network accesaces, %he
amaller th~ R; )

c) the smaller is the ;’- ratio, the smaller is R in 1
way short and 2 way short cases (which are the most
typical cases};

d} the lxrc~~ the 3 ratio, the smaller is R in 1 way
long, 2 way lcohg, 3 way short and long, 4 way cases
{which ore-not typical);

e) comparable R .alues are those within approximately
thes iammes vy

f) within " same arra the range of H-valucs is still

quite wide, as the followin~ tiqures show:

ARER MININMIM MAX ITMUM
n? 1300. 42,500
100w 175. 4,250
10,0000 62.5 425

Tl WIVE RANGE OF R-VALULS WITHIN TIlE SAME ARECA CLEARLY
5ii0w5 THE PRIME IMPORTANCE OF LAYOUT IN QUESTIONS
AFFECTING EFFICIZNCY AND HENCE ECONOMY.

LVALUTION OR URIAN LAYOUTS.

The 1o:*hoe of evaluation preseated nere i8 a particular
appircation of the concept proposed about and can be
used tor Iots as well as for residential sectors.
(fizure: < and 5}. In both cases, the method consiasts

af two  a

a) the deter~rnation of the K-value (unit ler <h of
HBetw ot pas unh.t Lread:
po= 'rtmerk donath in teters (@)

lol=netwu e coce 9 aveas ia Ha.

H-value ~ith *te <ol

L) the rejo-acash: | . . ewing
get of var.anles: 101 ar~h, lot dimensic-., lot accessec

frequernecv :f trams*Trsc o anecLers.

THE VARIABLES.
ot Width: Width of the lo* in meters {m), {(figure 4).

Lot-Network Depth: Depth of the lot plus the distance
o the lot to *he center of t+~ streat (center line)

in mcters (m).

Lot-Network Area: Includes the area of the lot plus
172 of bt~ area of access {(street/sldewalks) in square
meters (m?).

The accompanyind chacrts include a range of arcas
varyving ‘ron o ainirum of 1001-.\2 to maximum of 600.'1\2
which covr+-. a wide variety of areas and stlill permits

small ¢ -r mental variations !25m2).

Fcr practical reasons, the network is defined by its
main difmension: lewgth. The area of the network s

included with the lot ar~ma. The porccrtages of areas
of Ints and arcas of circulation should bo evaluatnd

“eparately.

Width-Depth Ratio:

wim) _ width of lot
d{mY * Depth ot lo=

irn the charts, it wvarier “rom 1/1 {squar=s’ %o /¢

f¢longated rectanalesi. The ta-~e is empirical.

Network Acc

58 ““ode: the charts 1 :wwluie only *73~ cor-

“iguracic 6 WOt cormon in mractic ' war she:. 2na 2
way ulorr,

Teesosvene Top e Ty Ther ) w . ame 0 way coaficure-
Stona ey e 4 A0nad BYBE E9N Cr A

s oCtoers provide ¢t other Jdi-ect1on. creatssgy a natwork.
Tootte chart, for p-actical v vwonc . transgve ©ac coanes-
tov: - ,vaced at inte Cis ot %, Y00, 120 157 a7¢

~rg 27¢ metovs.
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PROCEDURE FOR EVALUATION

b

To Cerpute from a Plan the R-Vaiue in a Given Lot:
Divide:
network iength (1/2 width of lot) (m)
lot ¢ network access arca (Ha)

-Rl

Divide:

lot & network access deoth
ro. of 10ts between transverse COnnectors

~ length of connectors per lot
Divide:

lencth of connector per lot
Yot & network access area

= R

2
Add:

Rl * R2 = R

To Compute from a Plan the R-Value in a Given

Residential Sector:

1.

2.

c)

d)

1,

Selcect a homogeneous sector where lots are simile
in arca;
Heasure the network length (streets, walkways)
counting 1 lcngth when they serve lots on both
sides and 1/2 when they serve lots in boundaries;
Divide:
network length (m)
residential sector arca (Ha.)

= R

To Find the Corresponding R-Value in éhe Charts
a Lot:

Find from plans:

the lot-network access arca, the approximate widi
depth dinension and ratio if the lot is served by
or 2 way short, the approximate distance between
transverse conncctors;

Find in chart:

the corresponding lot network access areca and
determine within this area the R-value that
corresponds to the other variables.

To Find the Corresponding R-Value in the Charts
for a Residential Sector:
Compute the average lot-network access area by

dividing the total area by the number of lots;
Proceed as indicated in c) 1 and 2.

CHEPTS FGR EVALUATION

The charts permit the evaluation comparison of the
ratio of services to lots or residential sections in
terns of:

LOT AFEAS, LOT RATICS, CIRCULATICN LAYOUT, MODE OF
NETWORY ACCESS, TRANSVLESE CONNECTORS AND DIFFERENT
COMBINATIONS OF ThLESE VARIABLES.

The charts can be used to evaluate and compare existing
cases, but more irportantly, can be used as a design
tooi to evaluate different options. Eight charts are
available, providing information for lots of average
areas 25 sgquare nmeters to 00 squave meters. They are

in=luded at the end of this chapter.

LAYOUT MODELS.

Three layout models are included to illustrate the
evaluation of different layouts in which the lot plus
network area is approximately the same.

The models represent the following typical urban lay-
outs: Roman-Hispanic, Grid-iron, Cluster.

COMMENTS.

Arca of public ownership for circulation: Gridiron
(32.6%) and Roman-Hispanic (31.8%) are the layouts that
regyuire more public land. Cluster (23.4%) layouts
require considerably less public land.

R-valuers: Gridiron {(R=20C)} has the highest value andy

conscguently, is the most inefficient. Roman-Hispanic
{R=15G6) have compatible, smaller values and are conse-
quently more efficient, Cluster layouts have the
added advantage of permitting the segregation of the
semi~private access areas reducing tha public area for

circulation to R = 114,




E

i

——— 400 m.
Roman-Hispanic Layout.

ROMAN-HISPANIC LAYOUT.

AREAS OF A BLOCK Ha L}
Private ownership
{(lotsa}: 1.2) 68.20
Public ownership
(circulation): 0.56 31.80
TOTAL 1.77 100.00
NUMBER OF LOTS: 44
AVERAGE LOT AREA = %—}1 - 402m2

network 2.66

FROM PLANS: R = pre2ii__ = yive = 150

FROM CHARTS:
CORRESPONDING APPROX1IMATE ARZA: 4001.‘42

WIDTH
TErTH Ratio = 1/10

MODE OF NETWORK ACCESS: 1 way short
TRANSVERSE CUNNECTOR SPACING: 125 150

CORRCSPONDING R = 145 158 = 151

- 400 R,
Gridiron Layout.

GRIDIRON LAYOUT.

AFZAS OF A BLOCK Ha 1 3
Frivate ownership

(lots): 0.72 67.40
Public ownership

{circulation): 0.55 32.60
TOTAL 1.67 100.00

"UMBER OF LOTS: 28

AVERAGE LOT AREA = l:—g—’- - 383m2

ROM PLANS:
network

R - B ares 107 = 200

FF’™ CHARTS:
CCEPESIUNDING AFPROXIMATE AREA: 375m2

i

=FE Ratio = 1/4

MCDE OF NETWORX ACCESS: 1 way short
TFRANSVERSE CONNECTOR SPACING: 125 150

CGRRESPOLDING R = 209 195 = 202

Cluster Layout.

CLUSTER LAYOUT

AREAS OF BLOCK Ha L}
Private cn-n(-rnhlp

(lots): 2.69 76.00
Public cwnership

(circulation): 0.82 2).40
TOTAL 3.5 100.00

NUMBER OF LOTS« 89
AVERAGE LOT AREA = 394m2

FROM PLANS:
R - values for Clrculation

(1) Public {2) Private

network 400
R = FTocx arsa = .57 = 114 )
TOTAL 159

NDING AUTEOXIMATE AREA: 400:\2

Ratio = 1/5

MODZ OF NLTWORKR ACCESS: 1 way short
TRANSVERSE CONNECTOR SPACING: 200

CORFESPONDING R = 161



CASE STUBIES

The follnwing two case studies are inciuded to
illustrate two diverse situatiors in the use of the
R-valuv.. The first case, South End in Boston, Mass-
achusetts {s a planned reqular laycut cn a relatively
flat aite. The sccond case, El Acgstina, is a random,
forrally unplanned layout located on a steep slope.
For betl. «ascs, thn R-value may be derived and used as
o 10siji toul. The R-values in these two cxampiecs are
not sinilar; 278m2 in the South End and 136m2 in El

Agoatino,

Source: Urban Dwelling Environ-
ments; Caminos, Turner, Steffian;
Cambridge, M.L.T. Press; 1969.

SOUTH END, DOSTCGHN, U.S.A.

ORIGINS:
igs0-60.

Private instant development. Established

POPULATION 1960: 3,262 persons
NQOMES 1960:  U.S.

year, which 15 304 of ‘the average for tha Nesten

$2,284 averaje per houscheld per

rtrepolitan Area.

Lasat

1cal row houusing, desisned layeat,

Lons,
narrcw lots with aceess in {roat and back. Bectanualar
blocks on flat, fiiled saite.

griginally: single family

4-5 story row-houses. lNow: multi-family two bedroor

walk-up apartrments.

Tl \:\é
-

"
T -
o

PR SR g U

LAND USE Pesadential
Cik ULATION:

pedestrians.

autornbile circulation, parking.

SELUCTED SICTOR OF THE LOCALITY.

AT A Ha
Private ownevisl ip

{iots): .15
Public uvwnership
fcarculation): 0.77
TOTAL 1.92

NUMPER OF LOTS: 69

AVERAGE LOT AREA = T

SOUTH END, Boston. Air view of street and block pattern of row housing.

Local street in front for automobiles and

Service allcys at recar,

for occasional



FROM PLANS

retwork 65

. hetwork 0
R sector area ~ 1.92 338m/Ha

FROM CHARTS
CCORRESTONDING APPROXTMATE AREA: 275ll|2

WINTH

COMMENTS

Lots are melium Gize and conscquently R-valucs are in
medium ranges.

Within the same lot area: lots are narrow and deep.
ratio ¥ « 1

Lot projportiorns are very efficient and very well ngcd
with the 4-5 story row housing. Land ie not waste:d,
open spaces are cenerous, set backs are well used.
Percentage of pubiic land devoted to circulatina is

very high: 40%, berause two sides have access.

. 1 .
tortn Fatio = g b § which reduces R, On the other hand, lots
have acceas on 2 sides

The avaii.bility of utilties and scivices in adcojuate.
and transverse copnectars are

MONL OF NETWORK ACCESS: 2 way short
v B ‘ 4 clnse which ircreases R eonsiderably.

d

REE CORNECTOR SPACING: 75m

It i5 sicnificant that the most neglected arcas ase the

CURR’ SoONDING = 346m/Ha - back alleys.

R-valur will be substantially reduced with one way
access and increased spacing of transverse connectors,
from R » 346 to R = 173,
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SOUTH END, Boston. Plan. Select- . ‘ .
. . |
ed sector is the area enclosed by the SOUTH END, Boston. Dweiling

broken line. Group.



EL AGOSTINO (HILL), LIMA, PERU.

GRIGINS: Sguatier scttlemant, progressive, spontaneous
development. Established 1948.

POPULATION 1964-65: 2500 persons in 460 houscholds.

INCOMES: Yot avallabie. In an adjacent sguatter
settlerent, (El Ajostino flat) incomes are relatively
high, despite physical poverty. 1In 1965, US $1,3890
averace per houschcld per year.

LAYOUT: Growth by the accretion of the individual or
small Group decisions. Very steep site: 30-40% slope.
Passage ways parallel to the contoure; passages, inany
with stairways, perpendicular to them. Single family,
1-2 story row houses.

LAND USE: Residential.

CIRCULATION: Only one vehicular road along the lowest
contour. The other passage ways for peduzstxian use
only. FPrincipal paths parallel to contiuii and main
access to lots. Also, cul-de-sacs and interval court
yards give access to several plots. ’

SELECTED SECTOR OF THE LOCALITY.

AREAS Ba

Private ownership

(iots}: 1.78 72.95
Public ownership

(circulation): 0.66 27.05
TOTAL 2.44 100.00

NUMBER OP LOTS: 179

AVERAGE LOT AREA: i—;rgi - 136m?

r— , T PR
4

}f!l gz:it‘“:“‘-h\:'?gzz St b
P

EL AGOSTINO (Hill), Lima. Air view of street and block pattern.



FROM PLANS COMMENTS The stcep slope ard other determinants may account for

R = network - 1670 the layout and lot proportiuns which 1o not scem very

Sector area = 644m/Ha Lots are small and ~>nsecquently R=values are in the efficient.
upper ranges. £till, within the same lot area, R is
FROM CHARTS 2 very high because: lots are relatively wide and not
CORPLSPONDING APPROXIMATE AREA: 125m deep, ratio ‘é = 1/3; but mainly, lots have access on Despite the 2 side accesses, perce.. ige of public land
DEPTH Ratio = 1/3 two sides and transverse connectors are close. devoted to circulation is small: 27.05%, because
MODE OF NETWORK ACCESS: 2 way short narrow circulation.
TRANSVERSE CONNECTOR SPACING: 75m R-value will be substantially reduced with one way
CORRESPONDING R = 649m/Ha access, from R = 649 to R = 1391. The availability of utilities and services is very

limited. Only schools and public transpurtation are
adequate.

Completion of utilities ard services hay prove to be
very costly because of the layout.

\ méf) A

i - : :

o e e e e i e ie e — - - 400 M »
EL AGOSTINO (Hill), Lima. Plan. EL AGOSTINO (Hill), Lima. Dwell-
.Selected sector is the area enclosed ing Group.

by the broken line. h



AREA RATIO WIDTH
25 17 1 5.C0
25 17 2 3.54
25 17 3 2.89
25 17 4 250
25 1/ 5 2.24
25 17 6 2.04
25 17 7 1.89
25 1/ 8 1.77
25 17 s le67
50 17 1 T.G7
50 17 2 5.C0
50 1/ 3 4.C8
50 17 4 3.54
50 17 £ 3. 16
50 17 6 2.E9
50 1/ 7 2.67
50 17 € «50
50 17 9 236
75 17 1 E.€6
75 17 2 6612
75 17 3 5.C0
75 1/ 4 4,33
75 17 s 3.87
75 17 6 2.54
75 17 7 3.27
75 1/ 8 2.C6
75 17 s 2+89

100 17 1 1C.CO

100 17 2 7.C7

100 17 3 5.77
100 17 4 5.C0
100 17 5 4.47
100 17 ¢ 4.(C8
100 17 7 3.78
100 1/ € 3.54
100 S 7.23

DEPTH

5.00
T.07
8.66
10.00
11.18
12.25
13.23
l4.14
15.00

T.07
10.00
12.25
ll’- 14
15,81
17.32
18.71
20.00

21.21

8. 66

15.900
17.32
19.36
21l.21
22.91
26.49
25.98

10.00
l4.14
17.32
20.00
22.36
24.49

26.46 -

28.28
30.00

S gt M S e TS paas M Sewn Bt e i D G amh S e - —-—-—.-———_—.—_—.-’

1133
840
710
633
580
541
51t
486
466

840
633
541
486
449
422
400
383
369

Tly
541
466
422
391
369
351
337
325

633
“4B6
422
383
356
337
322
310
300

1 NATY

100

1099
307
6717
593
547
508
477
453
433

807
599
508
453
416
388
367
349
335

617
508
433
388
358
335
318
3C4
292

599
453
388
349
323
304
288
276
266

125

1079
187
657
579
527
488
457
433
413

187
579
" 488
433
396
368
347
329
315

657
488
413
368
338
315
298
284
272

579
433
368
329
303
284
268
256

246.

MUK I

150

1066
773
644
566
513
474
444
420
400

773
566
474
420
382
355
333
316
302
644
474
399
355
324
302
284
270
259

566
420
355
316
290
270
255
243
233

1057
764
634
557
504
465
435
410
390

764
557
465
41cC
373
345
324
367
292

634
465

T390

345
315
292
275
261

246G

557
410
345
307
280
261
246
233
223

549
403
338
299
273
254
238

226

216

e —— e —— . —t pan . S em - — e - Y ——

N s T S — ot W O s

2133
1547
1238
1133
1027
9449
889
840
8003

1547
1133
949
840
165
7190
667
633
604

1288
949
799
710
643
6G4
569
541
519

1133
84D
710
633
580
541
511
486
466

2366
14430
1221
1066
961
8383
822
113
733

1430
1066
393
773
6599

T 644

621
566
538

1221
833
733
6b
533
538
503
474

451

1056
773
644
566
513
“74
444
420
400

2057
1471
1211
1057
951
873
813
164
723

1471
1057
373
164
639
634
591
557
528

1211
373
723
&34
573
528
493
465

442

1057
7164
634
557
504
4A5
435
410
390

2C49
l464
1204
1049
944 .
866
805
757
716

1464
1049
866
757
682
627
584
549
521
1204
866
716
627
566
521
486
458
434

1Cas
757
627
549
497
458
427
403
383



1 WAY SHORT 2 WAY SHORT

AREA RATIC WIDTH DEPTH 75 100 125 150 175 200 75 1C0 125 150 175 200
— - — A S D T -G G TS D G —— - - - ’ —————————————————————————————————————— + ——————————————————————————————————————
L i | . | y N . L

125 17 1 11.18 11.18 | 580 547 527 513 504 497 | 10217 994 974 961 951 944
125 17 2 7.51 15.81 | 449 416 396 382 373 366 | 7165 732 712 699 689 6382
125 1/ 3 €445 19.36 | 391 358 338 324 315 308 | 649 616 596 533 573 566
125 17 4 £.59 22.36 | 356 323 303 290 280 273 | 580 547 527 513 504 497
125 1/ 5 5.C0 25.00 | 333 299 219 266 257 249 | 533 499 479 466 457 449
125 1/ & 4.56 27.39 | 315 282 262 249 239 232 | 498 4565 445 431 422 415
125 1/ 1 4.23 29.58 | 302 269 249 235 226 21y | 471 4138 418 434 395 338
125 17 8 3.95 31.62 1} 291 258 238 224 215 208 | 449 416 396 332 373 366
125 1/ S 3,73 33.54 | 282 249 229 215 206 199 | 431 398 378 364 355 348
"150 17 1 12.25 12.25 | 541 508 488 474 465 458 | 949 916 896 833 873 855
150 17 2 E.€6 17.32 | 422 388 3638 355 345 333 | 710 671 657 6494 634 627
150 17 3 7.C7 21.21 | 369 335 315 302 292 285 i 604 571 551 538 528 521
150 1/ 4 6.12 24.49 | 337 304 284 270 261 254 | 541 5C8 438 414 465 458
150 17 = £.48 27.39 | 315 282 262 249 239 232 | 498 405 445 431 422 415
150 17 6 5.C0 30.00 | 299 266 246 233 223 216 | 456 433 413 339 39C 333
150 17 1 4463 32,40 | 287 254 234 220 211 204 | 441 4038 388 375 365 358
150 17 8 4,33 34,64 | . 277 244 224 211 201 194 | 422 388 368 355 345 3133
150 1/ S 4.C8 3b.74 | 269 236 216 202 193 186 | 405 372 352 339 329 322
175 17 1 17.23 13.23 - | 511 477 457 444 435 427 | 383 355 835 822 813 805
175 17 2 .35 18.71 | 400 367 347 333 324 317 | 667 634 614 601 591 584
175 17 3 Tet4 22.91 | 351 318 298 284 275 268 | 569 536 516 503 493 486
175 1/ 4 6.61 26.46 | 322 288 2638 255 246 233 | 511 477 457 444 435 427

175 1/ 5 5452 29.58 | 302 269 249 235 226 219 | 471 438 418 424 395 388
175 1/ 6 €.40 32.40 | 287 254 734 220 211 204 | 441 408 388 375 365 353
175 17 7 5.C0 35.00 | 276 242 222 209 169 192 | 419 335 365 352 342 335
175 1/ 8 4.68 37.42 | 266 233 213 200 190 183 | 4C0 357 347 333 324 317
175 1/ S 4441 39.69 | 259 225 205 192 183 175 | 335 351 33] 318 3C9 301
ggg i; 1 lé.14 l4.14 | 486 453 433 420 410 403 | 8490 807 787 773 764 757
2 1C.CO 20.00 | 383 349 329 316 307 299 | 633 599 579 566 557 549
200 17 3 8.16 24.49 |} 337 304 284 270 261 254 | 541 503 438 474 4;5 453

200 1/ 4 7.C7 28.28 | 310 276 255 243 233 226 | 436 453 433 420 410

200- 1/ 5 €.22 31.62 | 291 258 233 224 215 203 | 449 416 396 332 373 :22
200 17 6 5.77 34,64 | 277 244 224 211 201 194 | 422 388 368 355 345 338
200 17 7 £,35 37.42 | 266 233 213 200 190 183 | 400 367 347 333 324 7
goo 1/ 8 S.CO 40.00 | 258 224 2C4 191 182 174 | 383 349 329 316 307 ;éq
00 1/ s 4,71 42.43 | 251 217 197 184 174 167 | 369 335 315 302 292 285



_____________________________ e e e e e e P e = =~ s m—S e s ————
1 l )

226 1/ 1 15.C0 15.00 | 466 433 413 399 390 383 | 799 Te6  T46 733 723  T16
225 1/ 2 10.61 21.21 | - 369 335 315 302 292 285 | 604 571 551- 538 523 521
225 1/ 3 8.66 25.98 | 325 292 272 259 249 242 | 518 4B4 464 451 442 434
225 1/ 4 7.50 30.00 | 299 266 246 233 223 216 | 466 433 413 399 390 383
225 17 5 €.71 33.56 | 282 249 225 215 206 199 | 431 398 378 364 355 348
225 1/ 6 €.12 36.74 | 269 236 216 202 193 186 | 4C5 372 352 338 329 322
225 1/ 1 5.67 39.69 | 259 225 2C5 192 - 183 175 | 385 351 331 318 309 301
225 1/ 8 5.30 42.43 | 251 217 197 184 174 167 1 363 335 315 332 292 235
225 1/ S 5.00 45.00 | 244 211 191 177 188 161 | 355 322 352 248 279 272
250 1/ 1 5.81 15.81 | 449 416 396 382 373 366 | 765 732 712 699 689 682
250 1/ 2 11.18 22.36 1 356 323 303 290 280 273 | 580 547 527 513 504 497
250 © 17 3 S.13 27.39 | 315 282 262 249 239 232 | 498 465 445 431 422 415
250 1/ 4 7.S1 31.62 | 291 258 238 224 215 2C% | 449 4le 396 332 373 366
250 1/ 5 7.C7 35.36 | 274 241 221 208 198 191 | &l6 382 362 349 339 332,
250 1/ 6 6.45 38.73 | 262 229 209 195 186 179 | 391 358 338 324 315 308
250 L/ 1 5,58 4l.83 | 252 219 199 186 176 169 | 372 339 319 305 296 289
250 1/ 8 5.59 44,72 | 245 211 191 178 168 16l | 356 323 303 29G 280 273
250 1/ 9 5.27 47.43 | 238 205 185 172 162 155 | 244 310 290 277 267 260
275 1/ )1 16.58 16.58 | 434 401 381 368 358 351 | 736 703 683 659 660 653
275 1/ 2 11.73  23.45 | 346 313 293 279 270 263 | 559 526 506 493 483 476
275 1/ 3 €.,57 28.72 | 307 274 254 240 231 224 | 431 448 428 414 405 398
2715 1/ 4 8.29 33.17 | 284 250 230 217 207 200 | 434 4Cl 38l 358 358 351
2715 1/ S 7.42 37.08 | 268 234 214 201 191 184 | 403 369 349 336 326 319
2715 1/ 6 6.7T7 40,62 | 256 223 2C3 189 180 173 | 373 346 326 312 303 296
275 1/ 71 6.27 43.87 | 247 213 . 193 180 171 163 | 361 327 307 294 285 277
2715 1/ 8 .86 46.90 | 239 206 186 173 163 156 | 346 313 293 279 270 263
275 1/ 9 5.53 49,75 1 233 200 180 167 157 150 | 334 301 28l 267 258 251
300 1/ 1- 17.32 17.32 | 422 388 368 355 345 338 | 710 677 657 644 634 627
300 1/ 2 12.25 24.49 | - 337 304 284 270 261 254 | 541 508 488 474 465 458
300 1/ 3 10.00 30.00 | 299 266 246 233 223 216 | 466 433 4l3 339 390 383
300 17 4 8.66  34.64 | 277 244 224 211 201 194 | 422 388 368 355 345 338
300 1/ 5 7.75 38.73 ] 262 229 209 195 186 179 | 391 358 338 324 315 308
300 1/ 6 7.07  42.43 | 251 217 197 1B4 174 167 | 369 335 315 392 292 285
300 1/ 7 6.55 45.83 | 242 209 189 175 166 159 | 351 318 298 234 275 268
300 1/ & 6.12 48.99 | 235 202 182 1638 159 152 | 337 304 284 210 261 254
300 17 9 5.77 5l.96 | 229 196 116 162 153 146 } 325 292 272 259 249 242



1 WAY SHORT 2 WAY SHORT

. (4
.5552--EAT10 WIDTH DEPTH . 75 100 125 156G 175 200 75 100 125 150 175 2ce
———————————————————————————————————————————————————————————— o - -~ = — — —— " - > = - ———— - —-——
A | ) , 4 ,
325 17 1 1e.C3 18.03 | 410 377 357 344 334 327 | 688 654 634 621 611 604
325 17 2 12.75 25.50 - | 329 296 276 262 253 246 | 525 492 472 458 449 442
32¢ 1/ 3 1C.41 31.22 293 260 240 226 217 210 | 453 420 4C0 336 377 370
325 17 4 9.C1 36.06 | 272 238 218 205 155 188 | 410 377 357 344 334 327
325 17 5 R,C6 40.31 | -257 224 204 190 181 174 | 381 348 328 314 305 298
325 17 & 7.326 44,16 | 246 213 193 179 17C 163 | 3593 326 3906 293 283 276°
325 1/ 7 6.81 47.70 | 238 204 184 171 161 154 | 342 309 289. 2176 266 259
325 17 8 €e37 50.99 | 231 198 178 164 155 148 | 329 296 276 262 253 246
325 17 S .01 54,08 | 225 192 172 159 149 142 | 318 284 264 251 242 234
350 17 1 18.71 18.71 | 400 367 347 333 324 317 ) 667 634 614 601 591 584
350 17 2 12.23 26.46 | 322 2838 268 255 246 238 | 511 477 457 444 435 427
350 1/ 3 1C.80 32,40 | 287 254 234 220 211 204 | 441 408 348 375 365 358
350 1/ 4 9.35 37.42 | 266 233 213 = 200 190 183 | 400 367 347 333 324 317
350 1/ S .37 41.83 1 252 219 199 186 176 169 | 372 339 319 - 305 296 289
350 1/ & 7.64 "45.83 | 242 209 189 175 166 159 | 351 318 298 234 275 2638
350 17 7 7.C7 43.50 | 234 201 181 167 158 151 | 335 302 282 258 259 252
350 1/ 8 6.61 52.92 1 227 194 174 161 151 144 | 322 288 268 255 246 238
350 1/ s €24 56.12 | 222 189 169 155 146 139 | 311 278 258 244 23% 228
375 i7 1 15.26 19.3¢ {§ . 391 358 338 324 315 3¢cs | 649 616 596 583 573 566
375 1/ 2 13.49 27.39 1 - 315 282 262 249 239 232 | 498 465 445 431 422 415
375 1/ 3 11.18 33.54. | 282 249 229 215 206 159 | 431 398 378 364 355 348
375 17 4 "9.68  38.73 | 262 229 2cS 195 186 179 | 391 353 338 324 315 308
375 1/ 5 .66 43,30 | 248 2i5 195 1827 172 165 | 364 330 310 2317 268 280
375 17 6 7.61 47.43 | 238 205 185 172 162 155 | 344 310 290 277 267 26C
375 1/ 7 T7.322 51.23 | 230 197 - 177~ 164 154 147 - | 323 295 275 261 252 245
375 17 8 €.85 54.77 | 224 191 171 157 148 tal | 315 282 262 249 239 732
375 1/ 9 .45 58.09 | 219 136 166 152 143 136 | 305 272 252 2138 229 222
, .
400 17 1 2C.CO 20,00 | 383 349 329 316 307 293 | 633 599 579 566 557 545
400 17 2 l4el4 28.28 | 310 276 256 243 233 226 | 485 453 433 420 @10 403
400 17 3 11.55 34.64 | 277 244 224 211 201 194 | 422 388 368 35% 345 338,
400 1/ 4 1C.CO 40.00 | 258 224 204 191 182 174 | 383 349 329 316 307 299
400 1/ 5 8.94 44,72 | 245 211 191 178 168 tel | 356 323 303 290 230 273.
400 1/ 6 E.16 43.56 | 235 202 182 168 159 152 | 337 304 284 270 261 254
400 17 17 7.56 52.92 | 227 194 174 161 151 144 | 322 288 268 255 246 238
400 1/ E€ 7.C7 56.57 | 221 188 168 155 145 138 | 310 276 256 243 233 226
400 L/ S €.67 69,00 | ]

216 183 163 150 140 133 309 266 246 233 223 216



1 WAY SHORT 2 WAY SHORT

AREA RATIQ WICTH DEPTH 75 100 125 150 175 200 75 100 125 150 175 200
———————————————————————————— +.—.¢-—- - > - S D G S e —— . ——— P S T e ——---*————————— - — S . —— i = — - e -
. | {
425 17 1 20.62 20.62 | 375 342 322 309 299 292 | 618 585 565 551 542 535
425 1/ 2 14.58 29.15 | 304 271 251 238 228 221 | 476 442 422 409 400 392
425 1/ 3 11.90 35,71 | 273 240 220 206 197 190 | 413 330 360 346 337 330
425 1/ 4 10.31 41,23 | 254 221 201 187 178 171 | 375 342 322 309 299 292
425 1/ 5 $.22 46,10 | 241 208 188 175 165 158 | 350 316 296 233 274 266
425 1/ .6 0.42 50.5C | 232 199 179 165 156 143 | 331 298 278 . 264 255 248
425 1/ 1 1.79 54.54 | 225 191 171 158 148 141 | 316 283 263 250 240 233
425 1/ 8 1.26 58,31 | 219 185 165 152 142 135 | 304 271 251 2138 228 221,
425 17 S 6.87 61.85 | 214 180 160 147 137 130 | 2935 261 241 228 218 211
450 17 1 21.21 21.21 | 369 335 315 302 292 285 | 604 571 551 538 528 521
450 17 2 15.00 30.00 1 299 266 245 233 223 216 | 466 433 413 399 390 383
450 17 2 12.25 36,74 | 269 236 216 202 193 186 | 405 372 352 338 329 322
450 1/ 4 1C.€1 42,43 | 251 217 197 184 174 167 | 369 335 315 332 29? 285
450 1/ S S.49 47.43 | 238 205 185 172 162 155 | 344 310 230 217 267 25C
450 1/ € .66 51.96 | 229 156 176 162 153 146 | 325 292 272 259 249 242
450 1/ 7 8,02 56.12 i 222 189 169 155 146 133 | 311 278 258 244 235 228
450 1/ & 7.50 60.00 | 216 183 163 149 140 133 | 299 266 246 233 223 216
450 1/ 9 - 7.C7 63.64 | 211 178 153 145 135 128 | 2990 257 237 223 2la 207
475 17 1 21.79 21.79 1 362 329 3C9 296 286 279 | 592 558 538 525 515 508
475 1/ 2 15.41 30.82 | 295 262 242 - 228 219 212 | 457 424 404 391 381 374
475 1/ 3 12.58 37.75 | 265 232 212 199 189 182 | 393 364 344 331 322 314
475 17 4 1£.90 43,59 | 248 214 194 181 171 164 |} 362 329 309 236 286 279
475 1/ S S.15 48,73 | 235 202 182 169 159 152 | 338 305 235 271 262 255
47% 1/ 6 8.90 53.39 | 226 193 173 160 1590 143 | 320 287 267 253 244 237
475 1/ 1 8.24 57.66 | 220 186 1.6 153 143 136 | 306 273 253 240 230 223
475 1/ 8 7.71 6l.64 | 214 181 161 147 138 131 | 295 262 242 228 219 212
475 17 S 1.26 65.38 | 203 176 156 143 133 126 | 286 252 232 219 . 210 202
500 17 1 22.36 22.36 | 356 323 3G3 290 280 273 | 530 547 527 513 504 497
500 1/ 2 15.81 3l1.62 | 291 258 238 224 215 208 | 449 416 396 352 373 366
500 1/ 3 12.61 38,73 | 262 229 209 165 186 179 | 331 358 338 324 315 308
500 1/ 4 l1;.18 44,72 | 245 211 191 178 168 161 | 356 323 303 290 280 273
500. 1/ 5 1C.C0O 50.00 | 233 199 179 166 157 149 | 333 299 279 266 257 243
500 1/ €& S5.13 54.77 | 224 191 171 157 148 141 | 315 282 262 249 239 232
500 17 7 8.45 59.16 | 217 184 164 151 141 134 | 302 269 249 235 226 219
500 17 8 7.91 63.25 | 212 179 159 145 136 129 | 291 258 238 224 215 208
500 1/ 9 7.45 67.08 | 207 174 154 141 131 124 | 282 249 229 215 206 199



1 WAY SHORT 2 WAY SHORT

AREA RATIG. WIDTH DEPTH 75 100 125 150 175 200 75 100 125 150 175 200
e e —————————— e e e e e e — e m———————————————
e . ] » : } : . -
525 17 1 22.51 22.91 i 351 318 298 284 275 268 | 569 536 516 503 493 486
525 1/ 2. " 16.20 32.40 ) 287 254 234 22C 211 204 | 441 408 338 375 365 358
525 1/ 3 13.23 39,69 | 259 225 205 192 183 175 | 385 351 331 318 309 301
525 17 4 11.46 45,83 | 242 209 189 175 166 159 | 351 3138 298 234 275 268
525 17 5 10.25 51.23 | 230 197 177 164 154 147 | 328 295 275 251 252 245
525 1/ ¢ G.35 56.12 i 222 189 169 155 146 139 ] 311 278 258 244 235 228
525 17 1 .66 60. 62 l 215 182 162 149 139 132 | 2938 264 244 231 222 214
525 1/ 8 8.10 64,81 | 219 177 157 143 134 127 | 287 254 234 220 211 204
525 17 S T4 63.74 | 206 172 152 139 129 122 |- 278 245 225 212 2C2 195
550 17 1 23,45 23,45 | 346 313 293 279 270 263 l 559 526 506 493 483 476
550 1/ 2 16.58 33.17 | 284 250 230 217 2c71 200 | 434 401 351 368 358 351
550 17 3 13.54  40.62 1 256 223 203 189 180 173 | 379 346 326 312 303 296
550 17 4 11.73 46.90 | 239 206 186 173 163 155 | 346 313 293 279 270 263
550 1/ 5 1C.49 52.44 | 228 195 175 162 152 145 | 324 290 270 257 247 240,
550 17 ¢ Se57 57.45 f 220 187 167 153 144 137 | 307 274 254 240 231 224
550 17 1 e.86 62.05 | 213 180 ~ 160 147 137 130 ] 294 261 241 227 218 211
550 17 8 B.29 66.33 | 208 175 155 142 132 125 { 284 250 230 217 297 200
550 17 6 . Te82 70. 36 1 204 171 151 137 128 121 l 275 242 222 208 199 192
575 "1/ 1 23.58 23.98 ] 341 308 288 275 265 253 | 552 517 497 483 474 467
575 1/ 2 16.56 33.91 l 280 247 227 2la 204 137 | 423 394 374 361 352 344
575 1/ 3 13.84 41.53 | 253 220 200 187 177 170 | 374 340 320 3307 297 299
575 1/ 4 11.89 47.96 i 237 204 184 170 161 154 | 341 3C8 2488 275 265 259
575 17 € 1€.172 53.62 | 226 163 173 159 15C 143 i 313 286 256 253 243 236
S75 17 6 S.79 58.74 i 218 185 165 151 142 135 {. 303 270 250 236 227 220
575 17 1 9.C6 63. 44 | 212 178 158 145 135 123 | 290 257 237 224 214 207
575 1/ 8 .48 67.82 | 2C7 173 153 140 130 123 | 280 247 227 214 204 197
575 1/ 9 7.59 71.94 | 202 169 149 136 126 ° 119 | 272 23% 219 205 196 139
600 17 1 24.49  24.49 | 337 304 284 270 261 254 | 541 508 433 474 465 458
600 17 2 17.32  34.64 | 277 244 224 211 201 194 | 422 388 368 355 345 338
600 1/ 3 l4.14  42.43 | 251 217 197 164 174 167 | 369 335 315 3¢2 292 285
600 1/ 4 12.25 48.69 | 235 202 182 168 159 152 { 337 304 284 270 261 254
600 1/ 5 1C.S5 54,77 | 224 191 171 157 148 141 | 315 282 262 249 239 232
600 1/ 6 1C.CO 60.CO | 216 183 163 149 14C 133 | 239 266 246 233 223 216
600 1/ 7 S.26 64.81 | 210 177 157 143 134 127 i 237 254 234 220 211 204
600 1/ 8 8,66 69.28 i 205 172 152 138 . 129 122 | 2717 244 224 211 201 194
600 1/- 6 .16 T3.48 | 201 168 148 134 125 118 | 269 236 216 202 193 186



1 WAY SHORT 2 WAY SHORT

AREA RATIG WIDTH DEPTH 75 100 125 150 - 14> cuu 75 100 125 150 175 . 200
————————————————————————————— o e e o o 2 T i o e e o = PR = e e et = — - S oo Cocooeoo oo
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625 17 1 25.00 25.00 | 333 299 279 266 257 269 | 533 499 479 466 457 449
625 1/ 2 17.68 35.36 | 274 241 221 208 198 171 | 416 332 362 349 339 332
625 17 3 l4.43 43,30 | 243 215 165 182 172 tes | 364 330 310 297 288 280
625 1/ 4 12.50 50.00 | 233 199 179 166 157 149 | 333 239 279 266 257 24§
625 17 & 11.18 55.9C | 222 189 169 156 146 139 | 312 278 258 245 236 223,
625 17 6 10.21 6l.24 | 214 181 161 148 138 131 | 296 263 243 229 220 213
625 17 1 $e45 66.14 | 208 175 155 142 132 125 | 234 251 231 217 208 201
625 1/ 8 8.84 70.71 | 204 170 150 137 127 120 | 274 241 221 208 198 191
625 1/ S 8.33 75.00 | 199 166 146 133 123 116 | 266 233 213 199 190 183
650 i/ 1 2%.50 25.50 | 329 296 276 262 253 246 | 525 492 472 458 449 442
650 1/ 2 18.C3 36,06 | 272 238 218 205 195 1338 | 410 377 357 344 334 327
650 17 3 14,72 44,16 1 246 213 193 179 170 163 |} 359 326 306 293 283 276
650 1/ 4 12.75 50.99 | 231 198 173 164 155 143 | 329 296 276 262 253 246
650 1/ 5 11.40 57.01 - | 221 137 167 154 144 137 | 308 215 255 242 232 225
659 17 6 10.41 62.45 | 213 180 160 146 137 130 | 293 260 240 226 217 2190
650 17 7 9.64 67.45 | 207 174 154 140 131 124 | 281 248 228 214 205 198
650 17 & 5.Cl 72.11 | 202 169 149 136 126 119 | 272 238 218 205 195 138
650 1/ 6 .50 76.49 | 198 165 145 132 122 i1s | 2564 230 210 197 187 ‘180
675 i7 1 £.¢8 25.98 | 325 292 272 259 249 242 | 518 484 464 451 442 434
675 17 2 18.37 36.74 | 269 236 216 202 193 186 | 495 372 352 338 329 322
675 17 3 15.C0 45.00 | 244 211 191 177 168 161 | 355 322 302 238 279 272
675 17 4 12.99 51.96 | 229 196 176 162 153 146 | 325 292 272 259 249 242
675 17 5 11.62 58.09 | 219 186 166 152 143 136 | 305 272 252 238 229 222
675 17 ¢ 1C. €1 63,064 | 211 178 158 L4s 135 123 | 290 257 237. 223 214 207
675 17 7 5.82 68,74 | 206 172 152 139 129 122 | 278 245 225 212 202 195
675 1/ 8 <.19 73.48 | 201 163 148 134 125 113 | 269 © 236 216 202 193 186
675 17 S E.€6 77.94 | 197 164 144 130 121 114 | 201 228 208 194 185 178
700 17 1 26,46 26.46 ! 322 288 268 255 246 233 | 511 477 457 444 435 427
700 17 2 1€.71 37.42 | 266 233 213 200 190 183 | 400 367 347 333 324 317
700 17 3 1€.28 45,83 | 242 209 189 175 166 .159 | 351 318 298 234 275 268
700 17 4 13.23 52.92 | 227 194 174 161 151 144 | 322 298 268 255 246 238
700 1/ 5 11.83 59.16 | 217 184 164 151 141 134 | 302 269 249 2135 226 216,
700 17 6 1C.80 64.81 | 210 177 157 143 134 127 | 287 254 234 220 211 204
700 17 1 1C.CO 70.00 | 204 171 151 133 128 121 | 276 242 222 209 199 192
700 17 8 S35 74.83 | 200 166 146 133 123 116 | 266 233 213 230 190 183
700 1/ 9 8.82 79.37 | 196 162 142 129 120 112 | 259 225 205 192 183 175



AREA

725
725
725
725
725
725
725
725
725

750
750
750
750
750
750
750
750

750

775
775
775
775
775
775
775
175
775

800
800
800
800
800
809
800
800
8co

RATIC

1/
1/
1/

1/
1/
1/

1/

| V4
1/
1/
1/
1/
| ¥4
i/
1/
1/

1/
1/
1/
1/
1/
1/
1/
1/
1/

1/
1/
1/
1/
1/
i/
1/
1/
1/

VB wOCMEWRI= VRNV IWUN o ~Nown S W

DO DWN -

WICTH

2¢€.93
19.04

5E_&

-0 -

13.46
12.C4
1C.S9
1G.18
5.52
€.98

27.29
15.36
15.81
13.69
12.25
11.18
10.35

5.8

S.13

27 .84
16.69
16.C7
13.92
12.45
11437
1C.52
G.84
9.28

28,8
20.C0O
1€.23
lda.14
12.65
11.55
1C.69
1C.<C0O

9.43

DEPTH

26.93
38.08
46.64
53.85
60.21
65.95
Tl.24
76.16
80.78

27.39

38.73
47,43
S4.7T7
6l.24
67.08
72.46
717.46
82.16

27.84
39.37
48.22
55.68
62.25
68.19
73, 65
78.74
83.52

28.28
40.00
43.59
56.57
63.25
69,28
74.83
80.00
84 .85

-—— —— -— —
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319
264
240
226
216
209
203
198
195

315
262
238
224
Zl4
207
202
197
194

312
260
237
223
213
206
201
196
193

310
258
235
221
212
205
200
195
192

1 WAY SHORT

125< 7150
265 252
211 197
187 173
172 159
163 149
155 142
150 136
145 132
141 128
262 249
209 195
185 172
171 157
161 148 -
154 141
149 135
144 i3l
140 127
259 246
207 193
183 170
169 156
160 146
153 139
147 134
143 130
139 126
256 243
204 191
182 168
168 155
L59 145
152 138
146 133
142 129
138 125

242
188
164
149
14C
132
127
122
119

239
186
162
148
133
131
126
121
118

236
184
160
146
137
130
125
i20
117

233
162
159
145
i36
129
123
119
116

— —— A — — —— — — o e o ma cmme S e e e e — ey G ——— = - —

— i T — o fm— —— . o_—.

504
39%5
347
319
299
28%4
273
264
257

493
391
344
315
296
282
271
262
255

492
387
340
312
293
218
269
260
253

4936
383
337
319
291
277
265
258
251

2 WAY SHORT

100

125

451
342
294
265
246
231
220
211
203

445
338
290
262
243
229
218
209
201

439
334
287
259
240
226
215
207
199

433
329
234
256
238
224
213
204
197

195
133

425
32C
274
246
227
213
272
133
136

42C
316
270
243
224
211
230
131
134



41. 42. CIRCULATION

BASIC DEFINITICKS

CIRCULATIOXN
uses, by rmeans of:

Provide interaccessibjlity among land
1. Transpert methods (mode):
foot, horse, cfEle, auto, truck, transit, train,
boat, aircraft.
2. Routes Or wWays:
path, road or street, rajl, waterway, airway.
3. Terminals:
parking space, dock, port, etc.

For purposes of this study circulation-will be analized
in relation to:

- Urban Residential Areas

-‘Site and Services Programs

- pedestrian and Vehicular Routes (Ro .l System)

- Parking Areas (Terminals)

1. ROAD SYSTEM
CLASSIFICATION

In relation to a Site:
1. EXTERIOR
-2. INTERIOR

According to Control and Maintenance:
1. PRIVATE (Nor included in ntudy)
2, SEHI-PPIVATE
3. PUBLIC

According to Mode nf Use:
1. PEDESTRIANS
" 2. .FEDESTRTANS (dominant) AND VEHICLES
3. VEHICLES AND PEDESTRIANS
4. VEHICLEZS (dominant) AND PEDESTRIANS
S. VEHITLES

According to Area Served:
1. PATHS v
2. LOCAL STREET
3. SECONDARY STREET
4. MINKOR ARTERIAL
S5a. MATOR ARTERIAL
Sb, INTRA COMMUNITY HIGHWAY
Sc. INTERSTATE

CIRCULATION IN RELATICN TO A SIT

EXTERICR CIﬁCULATIOK/ACCBSSES:
circulation system/accesses outside of the site but
affecting the site.
as well as meshing access to the surrounding arcas.
Extericr circuiaticn/accesses are generally given

conditions.

INTERTOR CIRCULATION NETWORK: the pedestrian/automnobile
circulation system inside the site. This is a design
compornent to be determined by the exterior

accesses (existing conditions) and land development
requirements.

the existing and proposed

These include limited access highways

CIRCULATION ACCORDING TO CCNTROL AND MAINTIWNANCE.

SEMI-PRIVATE AND FUBLIC CTRCULATION: The land which is
utilized by the circulation grid is usually considered

to bte under puklic ownership.

Circulation areas under se~i-private ownership are those
which have restricted private use as a ccrnseguence of
the laycut. This al’ows raximization of private res-
ponsibilities cver control and maintenarnce of the roads.
Furthermore, development costs » . greatly reduced.

CIRCULATION ACCORDING TO MCDE OF USE AND ARTA SERVED

In the following chart, these parareters are considered:

SPEED Ustal speed, expressed in Kilo-eters Per
(3) (S) #our. (Kph)
{1 Kilometer = 0.625 mile)
(1.6 Rilcometer = 1 mile)
CAPARCITY Exprésscd in Vehicles Per Lane Per Hour
(6) V/L/H)}.
CHARACTER Use characteristics, basically expressed in
(4) (7) terms of Pedestrian and Vehicles.
CONTROL Manner of achieving the desired use.
{8)
WIDTH Right of Way (R.0.W.), expressed in terms of
{9) meters (m); Ircludes sidewalks, parking and
traffic lanes, median and/or creen strips.
1 oeter = 3.33 ft.)
(0.3 meter = 1.00 ft.)
¥ANES Expressed in number of lanes x°); includes
(10) parking, median and traflic larnes.
GRADE Acceptable inclination of the reods, express-
(11) ed in percentage (%;.
FUNCTION Service given for various modes
(12)
SPACING Distance between roads within the road net-
(13) work (grid), expressed in meters (am).



CIRCULATION MODES, USERS, ROAD CHARACTERISTICS

USERS . ROAD CHARACTERISTICS
MODES TYPES PEDESTPIAN AUTOMOBILES WIDTH FUNCTINN Ascerted
SPACING
SPEED CHARACTER SPLED| CAP. CONTROL |
KPH BPH V/LLH n. No. N m.
1 2 3 4 [ 6 , 5 Q 1o 11 12 13
PEDESTRIANS | Paths 4 Podestrian Rleg NOT APPLICABLE " |1s established by thke de- 3-4 |NOT 50 Sorve nrisarily Tor pedes §0-200
: cirzulation [APPLICARLE sign, the street layout APPL. strias access toointerior
and cther Only emergency vehicles access |and use. 19¢5 ard cormunal parking
social fune- facilities.
tigns: Chil-
dren garmes, Serondarily for lirited
people gath- i contralled accerss of
cring, stro- and emersiency
iling, lei such as fire
sure etc. ilances, police
patrois, ote.
PEDESTRIANS {Pesidential 4 Pedestrian 16 Pedestrian doTinate over Coatrol of traific fre- 9-12 2 32 Give ascess to residential 80-200
(dominate) |(Streot circulation, vehicles. quency, character and property
AND strollina 24 speed are ~ainly esta- 12-1¢ 3
VEHICLES “mighborhood Usually local traffic Iwmited |blished by the street
Street to pedestrians and private, layout and use.
cneraency, sorvice wohiclces.
Minor Street
Local Street
VEHICLES Cnlliector 4 Pedestrian 30 300 [“ehicles dominate t do not Controls arzs establishod i2-1v 3 5 1hey provide feor thrnuch 400-800
AND Ssvroect circulation, control circula for the protection of to triaffic, may delirecate a
PEDESTRIANS strolling 40 prdestrians 18-22 4 5 roiet kred, q2ive access
Secondary Usually local arni throuch cros rkinz lots,
Street - traffic for all 5 cf rails, R . T
venicles and pedestrians. derpasses. streets ant are uscd fer
Connactor ) secondary transport routes,
Street
VEHICLES inter 4 Pedestrian 60 660 |vehicles daminate stronaly Stricter controls are es- |21-1¢ 3 3 acenss to 1200-160"
{dominate) |{cC unity circulation over pedestrians. tavlished fcr the pretec- to intracormas
RiD scaerss -900 tion.of pedestrians: JG-3¢ & 15 and alsa usu-
PEDESTRIANS | | Jsually throush traffic for rails, traffic lishts, jor tre
\x::r ] All zinds of vehicles and overpasses and under- within
Artnrias yedestrians, passes. the principal
Distributor . of the dov-
rfrapary
Streat
»ainm Soane B,
o - . . i - |
VERICLLS sials NOT APPLICAALE 1end fiovel SeniTien; Controlis for o AR l [ l N i Ji0a-32n
N - el s h safety are ecstabli g, or - i
resaways 1860 | tarar volure of ffic flow, f0-Thp mer < . . 1n0J-¢s00
Intoa 1020-5000
unity ) Prosis - - ard
tio - Throush traffic for all kands ity unity.
= — of wehicles.
FIeeway 76 60-93 Providn resicnatl and metro-| variable
Thruway politan continaity and
Tollroad 100 unity.
interstate



http:APPLICA.LE
http:PEDESTRI,.NA

STREET/ROAD SECTIONS

W
oo ———y W = Walk lane

3 T = Through traffic lane
—_— P = Parking lane

4 ° MK = Median lane
- PEDESTRIANS

T/P T _ -
W W
Lo SN R.O W.

- - 9 meters
Jis : + : 155' 12 meters
- PEDESTRIANS (dominate) AND VtHICLES’

T/P T T
W W
S Y ] -
o ——
1.5 3 . 3 3 1.5 ) R.0.W.
— T r' ] 12 meters .
16 meters
T/P T T T/P
w W-
o e - R.O.W.
3 ., 3, 3 3 "3, 3 . 18 meters
4 - 3 c 4 4 3 4 22 meters
= VEHICLES AND PEDESTRIANS
W T -1 WT o T w
. 4 .3 3 3 3 . 3 4
4 4 4 4 4 . 4
- VEKICLES AND PEDESTRIANS R.O.W.
= VEHICLES (dominate) AND PEDESTPRIANS 2] meters
28 meters
W T T T B/T T T ‘T
5. o —
, 4 3 3 -3 3 13 33
4 [} 4 3 4 3
- VEHICLES (dominate) AND PEDESTRIANS R.0.H.
: 29 meters
. . 36 meters

DESIGN IMPLICATIONS

A. Staging of Circulation

In low cost residential urbanization developments, the
initial construction of the entire circulation systém
is uvsually prohibitively expensive.

Priorities for circulation develogzment rust be esta-
blished which relate to initial and projected popula-
tion densities. Only minimum armounts of circulation
and infrastructure which «ill allow the community to
function at a particular stage of develspment should
be provided. The stagirg of the circulation develop-
ment rmust be coordinaticn with the staging of infra- B
structure. Water, scwerage, storm drainage, clectricity
and telephone has been expanding with expanding densi~
ties and new development. Since most utility caserents
are within circulation R.0.W.'s, the development of both
should be concurrent.

In the planning and irnitial occupation of the develop-
ment, land riceds to be set aside for all of the proposed
R.0.W.'s and infrastructure casecments. Initially, only
those circulation modes which provide for public transit
routes and access to individual lots need be developed.
As'dcnsitics increase, they can be developed and sur-
faced in relation to the nature of the traffic they
carry.

B. Other Considerations

Circulation is a fixed or permanent entity within the
physical environment. Its development and utilization
are long term investments not casily altered to meect
changing demands.

The network layout within the Site is dctermined-by the
size and proportion of lots forming a typical block,-
maximum desirable travel disgﬁnccsvggq_ghe_gn;erplay of
movement hetween pedestrians and vehicles,

The primary ordering framework around which the Site is
developed is provided by the Circulation network: it is
corpulsory in defining Infrastructure networks and a
helpful factor in defining Land Use.

Circulation can be considered a critical factor specially
in those cascs (Site and Services programs), in which
successful solutions demand maximum utilization of the

resources available (land, money, time,~etc.).

With an efficient Circulation network, Land utilization
(Sce Land Use) is better and utilities provision is
cheaper.

C. Circulation Requirements

THE OVERALL PHYSICAL PLA'N, INCLUDING CIRCULATION LAYOUT
AND LAND USE (See Land Use) IS THE BASIC ELEMENT OF ANY
PROJECT.

ERRORS OR XISCONCEZPTIONS AT THE LEVEL OF THE PHYSICAL-
PLAN WILL AFFECT ALL OTHER ASPLCTS AND DETAILS INVOLVED.

Basic circulation requirements are specially related
with: )

1) CIRCULATION LENGTH contain almost all the Utility
and Services lines (water, sewage, elecéricity, gar=-
bage collection, strect cleaning, etc.), and foé
these rcasons it determines the efficiency of the
layout or, in other terms, the economic viability of
the project (Development costs, maintenance cost,
etc.).

Consequently, MINIMIZATION OF CIRCULATION LENGTHS
BETWEEN CERTAIN LIMITS SHOULD BE AN IMPORTANT GOAL.

2) AREA USED FOR CIRCULATION PURPOSES. The provision

of an excess circulation arca at the expense of
-private arcas has direct consequences in the econo-
mic fecasibility of the project.
It means more or less iittle private 1ot§ wnd also
less area available for cormercial, educaticnal and
other facilitics, which i3 a crit cal issue in Site
and Services projects (Sce Land Use). -

An evaluation of many cases indicated that the aver-
age area % dedicated to circulation use is 20-2S%.



PARKING AREAS

In urbanizations without direct vehicular access to all
lots and without private parking, it is necessary to
provide parking facilities for present or future demands.

Standards for parking are generally specified by zoning
regulations which define parking ratios for different
1and-use categories. In residential arecas, the ratio is
stated as the number of parking spaces per dwelling unit
or family. -

Requirements for parking will vary according to the
structure of travel habits including walking distances
and existing and projected availability of private
automobiles.

Communal parking primarity for residential purposes is

a function ¢f: climate, site topography, walking times,
market factors and distances related to the transporting
of goods by hand.

Recormended distances frcm the parking facility to the
most remote dwelling unit vary between 60 meters and
150 meters.

Since these facilities do not produce inccme from tha
ljand sct aside for parking, it is recommended that land
with potentially low cconomic value be rescrved for
this purpose; maintaining convenicr_c of acccsl:

1. PRIVATE (within individual lots)
parkinq ] (Not included in study)
clasgification

2. PUBLIC A. ON street
B. OFF street

PARKING BAYS

PARALLEL

5 cars
33.00 to 43.20

sq..m./car

90° SIMPLE BAY
12 cars
30.00 to 35.00

sqg. m./car

90° DOUBLE BAY
24 cars

22.50 to 25.00
sq. m./car

90° 2 DOUBLE BAY

40 cars

30 meters (100 ft.)

S

8.0

7.0

IR
18.C
20.0

L0 6.0 G4V

7.0 5.5 5.5
18.0

20.0

45° SIMPLE BAY
7 cars

38.57 to 42.80
$q. m./cars

45° DOUBLE BAY
14 cars

33.20 to 35.35
sq. m./car

45° DOUBLE BAY
25 cars

BASIC SPACE UNIT
2.50 to 2.70

by
5.50 to 6.00 m.

30 meters (100 ft.)

N

9.0
10.0

3.5 5.5

5 5.5
€0
15.

16.5

5.5 4.
.0 4.

5.%
6.0

4,5 5.2 5.2 4.5
4.5 5.5 5.9 4.5
15.2 15.2

0

[CIEE

5.5
6



43, WATER SupPLY,
WASTEWATER SYSTEMS:
SANITARY SEWERAGE,
STORM DRAINAGE

Water supply and wastewater systems [sani-
tary sewerage and storm drainage) are inter-
dependent in retropolitan areas. The World
Health Organization strongly recommends that
water supply, sanitary sewerage, and storm
drainage be considered as a unit and their

co-ordinated planning be an integral part of

the metropolitan plan ([41: p. 32, 37].

The information included here i{s rather sum-
marized and should be used only for refer-

ence, ranges, or to clarify criteria.

DEFINITIONS

WATER SUPPLY(*) - means (system) for supply-

ing water (as for a community) usually in-

volving reservoirs, pipelines, and often the ’

vatershed from which the water is ultimately

drawn.

The COMPONENTS of the water supply system
are illustrated in the following figures:
{19: pp. 12-24)

-Water Supply Network Diagram (fig ¢ ).
=Collection Components Chart (fig ¢ ).
-Transmission Lines (fig » ).

~Treatment Systems (fig & ).
~Augmentation Components Chart (fig # ).
~Distribution Systems Chart (fig 3 }.

-Distribution Components Chart (fig % ).

I COMPCX

TS OF THZ WATCR SUPPLY NLCTWORK I

Groun?uate: Surfagfuatcr

l;lell fields, iniiltr;tion“watcrshcd lakes, rain
galleries

arcas rivers

v springs
lCOLLECTION

concentration or
tapping of water
sources for use

=1
i

RANSMISSION
ransportation of

I

collected water tn aquaducts

the areca of use channels
pipes

TREATMENT

purification of thc

water into a useable filters

form processing

balancing demand
and supply of

water
.

water towers R

pumps

reservoirs . -
e R
Pk

¢
DISTRIDUTION

dispersion of
water to the
user




COMPONENT :

FUNCTION:

L
L.

1
==
[]
-
WELLS,SPRINGS, INFILTRATION

GALLERIES

receives water fro. under-
ground seepage

. RESPONSIBILITY:dependent on scale! large

CONTROL:

scale developer furnishes:;
small scale individual

collection systems deeded to

CHARACTCRISTICS :system cependent on soil

SCALE OF
DEVELOPMENT :

EXAMPLE OF USE:

ADVANTAGES :

DISADVANTAGLS:

and geological ccnditions;
generally used for indiv-
idual use

best 205 large lots over
1,000 m

densities less than 10/
p/ha. if incdividual;
suburbs 25,000 to
50,000 population if
city systen

Memphis, Tennessee

low cost

pollution danger; forced
to connect to city system
if individual well; wells
drop water table level

WATERSHED AREAS

receives water from surface
runoff

developer installs, finances

and maintains as nceded

city in all cases

reglonal board controls
size is dependent on rain-
fall, evaporation rate,
and runoff

hilly terrain is best for
use of the catchment area

a 25-50 year design period

supply determines scale
cities over 500,000

New York, Boston

large scale econmical
supply

dry seasons may affect
supply; may require long
distance transmission lines

LAKES, RIVERS

receives water from natural
collection source

developer finances as need-

ed

regional board
controls

most common gysten
for very large urban
arcas

purification cost de-
termines scale:
cities over 500,000
Chicago

unlimited supply

may be highly peol-
luted

RAINFALL

reccives water from rainfall

usually individual responsi-
bility

individual controls

rarely used in u:an areas

only used if no other
alternative

usually individual dwellings

Bermuda

depcndent on weather: dry
scasons may limit supply



TRANSMISSION LINES ]

—

TREATIENT SY3STE4S I

l COLLECTION]-

|TEANSHXSSIO?]- [TREATMENTI- IDISTRZBUTION

| |

COLLECTION]-] TRANSHISSXON]- [?RS:T?

ﬂz]- [DISTRIBUTION I

CCMPONENT:

PUNCTION:

RESPONSIBILITY:
CONTROL:

CHARACTERISTICS:

SCALE OP
DEVELOPIENT :

Transmission lines

conveys water from collecticn source to area
of use; generally from watersh2d areas or
distant lakes not used in connection with
wells, adjaceat lakes.

developer finances and iastalls

deecded to city

qenerally composed of pipe sizes over 24" or
large covered channels; 48" not an uncormon
size of pipe. Fouc this use, New York City
uses 1B0™ & 204° pipe.

gravity flow systems mostly used and are the
most econonmical. Sometimes the water is
pumped if rccessary. 20-25 yr. design period.

transnission lines should be kept to a min-
imun in length because of the high cost for
installation.

" determined by supply available, distance

determined by the size of pipe and resultant
pressure loss of transmission lines.

COMPONENT :

FUNCTION:

RESPONSIBILITY:

CONTROL:

CHARACTERISTICS:

SCALE CF
DEVELOPYENT:

Filtration plant

rendars water in a more desirable form for
consumption. generally water from lakes,
rivers and watershed areas require treatment.

dcveloper f£inances and instalis

deeded to city; American Public Health Service
controls gquality ia the U.S.

treatment process consists of removing solids
and purify.ng. Objectionasle taste, odor,
temperature and color are altecred to desired
quality of water.

a service storage systom is gencrally used to
store the wvater supply after purifying.

prime bu% rcmote arcas may be developed by -
staging the filtration systea. Only initial
nceds are moet; they may then be economically
annexed by the city as €xpansion occurs.

initial costs are high.

20-25 year design period

STEPS IN PROCESS OF TRLOATHMENT:

aeration: oxidation of iron, removal of CO,

Gam wente wasusevLw guos o

' addition of oxygen to water

sedimentation: secttling out of heavy sug
pended matter; process spceded
addition of ALSO, to coagulate
colloidal matter

by

filtration: removal of solid particles

disinfection: addition of chemicali which kills
bacteria causing discase; usually
chlorine is used.

Treatment plants gencrally have a capacity of
1/2 to 1/3 of the required capacity for the
systen.

Limited by supply and cost which developer is
willing to aassume.



COMPONENT:

DISTRIBUTION SYSTENS

|

Tree system

RESPONSIBILITY: developer

CONTROL:

deeded to city

CHARACTERISTICS:usually in low

a
¢ SCALE OF
DEVELOPHENT:

ADVANTAGES:

DISADVANTAGES:

density, out-
lying regions.

dead ends need
constant
£lushing to
prevent bact~
erial growth

min. main: 87
with 2", 4% or
6° fecders
(USA)

usually a single
main trunk, re-

ducing in dia-
meter as the

~

1
1
i
1

Radial systen Grid system
finances and installs

in all cases

surrounds most common
several city system in
blocks urban areas

a hiearchial
systen,
nested sizes
increasc as
system grows
in scale.

usually in-
cludes backup
fecder pipes

to augment flow

system is
composed of
tree and
radial net-
works.

pipes are located

faxrther fronm the

source.

Best for a
linear city
growth pattern

avoids dupli-
cation of
larqge fceder
lines

water liable
to guick stag~
nation

No cross
connections

in reserve for
repairs

relatively
small scale

relatively
large scale

provides flow backup if break
occurs, allows casy mainten-
ance, fits pattern of streets
easily.

Many dupli-
catg lines

No clear idea
as to how
water flows
in system

usually difficult
to size for fire
flows

PSSl

COMPONENT BOOSTER PUMP

PUNCTION: increase of line
pressurc for bett-
er service

en
am!

LEe

WATER TOWER

communal scale

backup supply:

provides press-
ure also;

RESPONSIDILITY: developer finances and installs

CONTROL decded to city

CHARACTERISTICS:generally raises
pressure to in-
crease distanca and
height of flow

used to maintain
required pressure

decded to city

pumps are used
to fill towers

regulate flow if
gservice is irreg
ular or pressure
varies

WATLCR TANK

individual scale
backup supply: also
provides house pres-
sure backup

individual
individual

pressure when avail-
ble fills tanks

regulates flow
-when service is
highly irregular
or pressure drops
during peak ccnd-

capacity: cne to itions

three day supply
alsn used for
fire storage

standard tanks

are 50' diameter
at 1 million gal
and 90' diamcter
at 2 million gal

capacity: one days
supply

lons *

lons

welded tanks available

at 50,000 to 500
gallons

.000

[;bCMENTATION

Il

A
(PRI KR
RESERVOIRS

stores water till
use, controls fluc
tuations in supply
and pressure

developer install:
deeded to city
usually covered &
keep cut impuritic
one to three day
storage reguired
supply also used
maintenance of th

fire supply

generally positio
on high eclevation

filled by pumping
or transmission
line precssures



COMPONENT :

PUNCTION:

RESPONSIBILITY:

CONTROL :

CHARACTERISTICS:

SCALE OF
DEVELOIMENT 3

1L

[ r 1f
DISTRIBUTION MAINS

Supplies water to distribu-
tion lines

DISTRIBUTION LINES

supplies water to house
lines

develcper finances and installs, if oversized
{for expansion) city usually contributes to

costs

deeded to city in both cascs

pipe sizes 12° and over are
considered mains (U.S.)

max. pressure of 130 psi,
40 average, 20 psi min.

sized with 250 gpcd capacity

generally pipe sizes of
6"; also 2", 4" and 8"

pressure ranges from
20 to 60 psi, 40 average

usually cast or spun iron; asbegstos-cement,
pve or reinforced concretc also used

designad for peak daily flows

20-25 year design capacity

" average miles of mains per

1000 population: 2.6:
range: 0.7 to 5.3 in small
communities

4007600 meter distribution
grid

designed for peak hourly
flows

2": not suitable for
extension;

4%: not suitable if
growth of dcmand;

6"; for bulk flows,
extensions

8": for reinforcement
lines

each block of develop~
ment

ACCESS POINTS

INDIVIDUAL

gL

SEQVICE LINES

supplies water to individual
dwellings

house lines are individual

house lincs are individual
3/4° min. house pipe USA
Code; to 1 1/2%; sometimes
172"

min. pressure 8 psi for
fauc {low

capacity varies from 20 tc
150 gpcd (US)

copper most common pipe;
stecl, lcad and pvc also
used in pipes

designed for probability
of use per minute

designed for full use

individual dwelling

COMMUNAL

- NN

STANDPIPES

supplies public faucet

installed by city or
developer

FLOW METERS

controls flow of
water

individual

deeded to city

pipe size deternined by
expansion potential

capacity of 1.5 to S
gpcd, dependent on dis-
tance from standpipe.

5 gpcd standard

dasigned for temporary
use of full developnent

100 to 300 meter

use of meters cuts
use of water by
approximately one-
half

requires cxira pres-
sure for operation,
high fraiction loss

first cost is high,
§35-70 (Us)

recommendced when cost
of operation high,
quantity of water
limited, and treatment
of water required



—

DISTRIBUTION COMPONENTS J

FREE FLOW CONNECTIONS

‘allows use of any
amount; controls by
cost of water

flac rate of water per
time unit

usually higher water
use than if with
netered by a factor

of 2

docs not require extra
pressures for oper-
ation

no installation costs

recommended if there
is an inefficient
collection and read-
ing service and if
wvater is relatively
cheap and available

fiN)

(©®
—

FIRE HYDRANTS

accessiblay water sources to
smother fires

VALVES

provides main-
tenance and
failurc cutoffs

installed by developer

decded to city

may only be placed on 67 pipe
for adequate flow capacity

pressures of 20 to 60 psi
allowed if fire department
have pumper trucks; pres-
sures above 60 psi necessary
{f no truck augurcntation
available

fire flows of approximately
175-250 gpm rejuired, depen-
dent on size of community
and value of area

spacing of hydrants from 60 m.
to 125 m., dependent on pro-
perty value: usually placed at
street intersections

usually placed
at intersections

spacing is 100 m
to 200 m.



CONSTRUCTION COSTS for water supply systems
vary from $300 per capita in the USA (1965)

[36: p. 2-26} to $25 per capita in develop-~

ing countries (1962) [38: p. S4j. The total®

construction cost of a water supply system
is distributed approximately as follows:
[36: p. 2-26]

-Collection-Transmission: 25%
~Purification-Treatment: 10%
=-Dpistribution: S0%

~Service Lines, Metors: 152

The AVAILABILITY of existing/proposed water
distribution systems in relation to a pro-
spective site is an important factor in

site selection {8: p. 45] (Sec: LOCATION).

ALTERNATIVES for supplying water to a site
are the same whether the site is within a -
major distribution grid (as in an urban .
area) or outside a major grid (as in a newly
developed fringe area). The alternatives
are: [19: p. 20]

-Connection to an existing dfstribution net-
work.

-Development of a new central distribution
network.

-pavelopment of individual water supply sys-~

tems.

Tha following chart (fig §# )} illustrates
the water supply components necessary for

each of these alternatives.(19: p. 21}

REQUIRED COVPONENTS J

WATER SUPPLY GOURCE

EXISTING WATER
SYSTIH

)

i
NEW SYSTEN !
I

INDIVIDUAL
SYSTEN

COLLECTION

not agplicable

rest source freon
riversa, lakes.
well ficlds are
more expensive

wells, cisterns

TRANS¥ISS 7ON

{recuired If
ouraide diszri-
butios arca)l

transmission
lines should ke
timnized be-
sause af cost

not applicable

TREATMENT

not apglicable

ruLt moet U.LS.
p.dlic health
standards

(sonetimes
chlcrine treat-
meat  necessary)

DISTRIBUTION

connztion of
new syster of
mains and ser-
vices to exist-
irng grid;might
require press-
ure boost punps

pew -listribution
grid of mains and
services must be
laid

pumped flow to
dwelling required

SCALE OF
DEVELOPMENT

limited by city
supply avail-
abie; min.ccon-
omical densaty:
10/ha.

limited by water
supply and amaunt
invested; min.
cconcmical dens:ity
10 p/ha.

individual lots;
less than 10
o/ha.

ADVANTAGES : lower costs, a |no dependence on |an economical
proven reliablejcity system if supply
systen the supply is
inadejuate or
faulty
DISADVANTAGES | if city supply |high first cost; scasonal varia-

TS SUSRERS—

is faulty, rc-
liance on bad
system

duplication of
city system

tion possible,
danger of
pollution, must
tie-in with city

I

The CAPACITY of existing/proposed water dis-
tribution systems adjacent/available to a

site should be adequate to carry the load of

the proposecd scttlement as well as future
developments in the arecas served by the
system. If connection to a public system
is possible, the developer should ascertain
its capacity from the appropriate local
authority ({8: p. 45]. The development of
a site may be precluded when its prospec-
tive water supply is either unavailable or

of inadequate capacity.

The capacity of a water distribution system
to serve a site is a function of: [36: p.
13-4]

-QUANTITY (rate of draft) of the water it
provides to the site.

~PRESSURE of the water in the system at the

site.

Most water supply and wastewater disposal
systems include relatively massive struc-
tures {dams, reservoirs, treatment works,
and extensive piping) which take a long time
to construct and are not easy to expand.
Selecting the CAPACITY of these systems is
not simple. Among the needed estimates are
the following: [36: p. 5-2]

~pPeriod: the number of years for which the
proposed‘éystem and its conmponents are to be
adequate; see (fig § ) for periods o!tgn

employed in practice.



Table 5-1 Derign Perieds {or Water and \Wastewater Sirurtores

areas

PeaignPendd, " [y
Type of Structure Special Characteristics Yeaf o!
Water supply i
=Large dims and conduits  Hard 3md cosily to enlarpe 25-50
~Welly, distribution systems, Easy fo eatend
and filler plants Wien grosth and interest | 20-28
natesarclow - S ek 2y
When growth and interest LO-H
rates are bigh - s Arardat
~Pipcs more than 12in.in  Repiacement of smailer 20-25
dumeter Pipes is more costly in
long run ot
=~ Laterals and secondary Requirements may change  Fult developmeat
mains fews than $2ia.in st in kmited areas (#avesd 3aluce
damcter
Sentrage

~Laterals and submams fess  Requirements may change

Full development
than 18in in dameter fast in Lmited areas

= Main sewers, oulfails, and  Hard and coutly to enlarge 40-30
Intercepiers
“Treatment works When growth aad interess 20-25
rates arc low®
Whea grosLh and interent 10-13

fates are high®

* The dividing line is in the vicinity of 33/ per 2nnum.

-Population: the number of people to be
served.
-Flows: the rates of water usa and waste-

water release {n terms of per capita con-

sunption and sewage discharge.

-Area: the area to be served and the allow-
ances to make for population density and
areal water consumption and wastewater re-
lease from residential, commercial, and in- -
dustrial districts.

-Hydrology: the rates of rainfall and run-

off for storm and combined sewerage.

The QUANTITY of water demanded in an arca
is a function of nuch existing/estimated
factors aa: [19: p. 25, 30, 31]
-Population: as population increases, de-
mand for water supply increases.
-Land Use and Intensity of its Use: indus-
trial, commercial, and residential areas
will have varying demands; therc may be var-
iations biFuccn high, medium, and low incorme
residential areas:; as the density of an arca
increasecs, the demand for water in that area
increasecs.

-Local Climatic Conditions: extremes of

heat and cold increase consumptirn; arid

require a larger water supply than
areas with high rainfall.

-Habits of People: culture, living patterns
should not be neglected as factors.
-Mechanical Systems: seasonal demand for
air conditioning can increase water use by
as much as 5 to 7 times normal usage; in-
gtallation of sewers increases water use by
50% to 100%; installation of meters can de-
crease uate£ use by 50%.

-Pire Plows: and not demands for per capita
consumption determine the size and supply of
US water supply systems (especially those in
emall towns); this is true even though the

quantity of water used yearly for fire

fighting is small; oversizing the systcem for
fire flow standards can représent up to 40%
of today's piping costs.

-Prcssdrc: with high pressure, rore water
is used and more is wasted through pipe
leakage and faucet overflow.

-Water Quality: better guality uatér in-
stills confidence in its users and is used
in greater quantities than poorer water.
-Cost of Water:

slight variations of water

use are noted with water costs.

The quantity of water uscd for domestic pur-
poses in the USA is distributed approxi-

mately as follows: {19: p. 29}

~-Flushing toilets: 41y
~-Washing and bathing: 37y B
=Kitchen use: 6%
~Drinking: 5%
-Washing clothes: 4

=General houschold use: 3
-Gardening: 3

~Car washing: 13

Ranges of the quantities of water demanded
per person per day are illustrated in the

following chart (fig # ) [15: p. 27].

WATER DEMAND PER FEZRSON PER DAY

Per Person Per Day
Liters l Gallons

" physiological minimum 1——(1 quart)
varies| 6——1.5 Min.subsistence
Comnmunal standpipe]with
dist. |20——5
40 10
Minimun, individual 80——20
faucot, metered (US) -
120—30
CINVA
. Q=—eig==- AID
16
Average use (US 1966)—— 200—"~50 .
single family dwellinqu 240 &0
{us 1960)
230 70
320 60
360 90
. 400 100
i10 110
480 120
Luxury dwellings (US 1960)
520 130
560 140
300 150

Range of use in the tnited States:
Range of use in England:

STATIC
DEVMAND
constant
per unit
of rop-

RISING

- DEMARD

due to
higher
standards
and
change

in
lifeatyles

35 to 546 gallons/person/day
20 to 40 gallons/person/day




Variations in quantity of water demanded
occur: {36: p. 5-16]

-Seasonally: major peaks occur during sum-
mer heat, drought; minor peaks occur during

extresde winter cold.

<Dailv: peaks cn weekdays; troughs on week
ends.
~Hourly: pcaks at noon; trougks in the car-

ly hours of tha merning.
~In addition there must be suitable allow-
ancos for sudden, heavy, unpredictable

drafts to fight fires.

The quantity of vater demand is measured in:
f19: p. 26}

~Gallons per capita per day (gpcd); liters
per capita per day (lpcd): usual means of
measurement.,

=Acre feet of water: used to measure stor-
age ‘reas, reservoirs.

~Gallons per minute {gpm); liters per min-
ute (lpm): rate of water draft.

The PRESSURE applied to water in a system
determinus the rate of flow (velocity) of
the wat.> in that system. Pressure is lost
through friction from the pipe walls, fit-
tings, and bends. indirectly, pressure
determines tne distance water will flow
through a given pipe. For example: a 6*
pipe will serve dwellings for a distance of
k meters at Y pressure; if the pressure is
doubled, 2Y will serve dweilings for a dis-
tance of 2X meters. Two ways to develop

pressure are: [1Y9: p. 34]

-Elevation: agravity provides the potential
en~zgy.
-Pumping: energy is induced artificially

through mechanical means.

A comparison of pressures recomnended by
existing standards is illustrated in the
following diagram (fig # J): [19: p. 36]
-CINVA standards do not include fire flow
conditions, but are reascnable for use in
developing countries from the technical
installation and consumption dcmand aspects.
-APHA standarda (USA) include fire flow
conditions, but pumpers would be required.
-AID standards are impractical for low in-
come developing arcas. Although tne fire
pressure would be adequate without expensive
pumping equipmcnt, the necessary installa-
tion skills, additioral piping expense, and
the increascd water consumption {ard waste!

make these standards unrealistic for devel-

oping countries.

]

l PRESSURE COMPARISONS

POUNDS
F~commcnded valucs PER Actual or chu.iredl
SQUARE INCH Values
5
- 8

Standard@ faucet flow
Minimum residual pressura ——10

15——{-story minimum
CINVA t b

Minimumn recormerded ———t———r—12

— 2-dtory minirmum
T

25—
—3tdto rinimum
3%
5[]
Kormal muncipal practice .40 Boston
-. 45 Southern
- Low service
S0
55 «Boston Southern
APHA liigh sexzvice
Maximum pressure required ———60 .
for f{ire flow if pumper 65 » Doston Lorthern

fire enrgine used 0 High service
7

75 Doston Southern

” Extra High service

Ao
8
85
90

g5 et

100
105
110
115__
120
1zs

Pressure limit, normal—————e130

*liigh secvices are areas where elevation changes force higher
than nurmal pressures in order to reach the peak elevations;
elevation changes of more than 200° normally require separate

service areas.



Criteria for PRESSURE REQUIREMENTS includes:
f19: p. 35]

-Minimum pressure of B psi (the amﬁunt necd-
ed for faucet flow) should be available at
the farthest reaches of the network for sat-
isfactory scrvice.

~Minimum standard pressure in USA is 20 psi
at the street line to overcome {rictional
resistance in the house distribution system.
~pipes should be sized to achieve minimum
pressure loss. Larger pipes allow greater
longths, because they offer less frictional
resistance and, thus, less pressurc loss.
-Pressures over 60 psi: are not necded for
fire flow: induce high leakage losses in a
systen; and neccssitate stronger, more
costly pipe. The higher the pressure, the
mora water will be consumed.

=130 psi is considered to be the upper pres-

sure linit.

Water pressure can be mecasured in terms of:
[19: p. 34]
-feet of head: historical measure from
gravity source.

-Pounds per square inch (psi): pressure per
unit area.

-Kilograms per square centimeter: metric

pressure per unit areca.

The QUALITY of the public water supply is a
major function of the quality of the public
health. “Water to be used for a public sup-
ply must be potable/drinkable. However,
water should not be chemically pure; water
devoid cf dissolved and suspended matter is
neither palatable nor hygenic. Water that
is ideal as a beverage may not be suitable
for all other purposes such as: washing,
bathing, lce making, paper manufacturing,
etc. [37: p. 385].

The quality of water may deteriorate after
treatment for various reasons. In a distri-
bution system, the quality may be affected
by: [37: p. 375]

-Corrosion of pipes.

-Flushing, which dislodges foreign matter.

~Ingress of dirt and living organism

through leaks.

-Croscs-connections, which permit the flow of
nonpotable water into a conduit containing
potable water.

-Aftergrowth of organisms: ~ bacteria, algae,
etc.

-Solution of metals with which the water

comes in contact.

WATER QUALITY STANDARDS promulgated in USA
by the U.S. Public Health Service, 1962
cover: [36: p. 19-17, 19-18]

-WATER SCURCES and their PROTECTION: gen-
eral rules.

~BACTERIOLOGICAL QUALITY: specific rules.

~PHISTCAL CHARACIERISTICS: acceptable
linits.
-CLEMICAL CHARACTERISTICS: acceptable

limits.

.§. PUDLIC HIALTH SERVICES DR1NAILG WATUR STANTARDS,
1946 [)4: pp. 622-625)

A, Starndards for WATER SOURCLS and their FRITRITION:
eutline general rules for water ~ources and def
reqaiced anti-pollution controls. sroval cf
systers 4§ subject to close ¢nforcemrnt of sanitary
Frecautions, proper cperaticn by qualificd prreonnel,
adequate capacity to weet pear dermands without danger,
reliable recording of analytical results, and com~
pliance with gualaty stardards™ [36: p. 19-19].

Water supply shall be obtained from a source which
is:

-free frem pollation, cr

-adeqmately purified by natural {rhysical, bioleogical}
Prccesscs, o

-Adequately protected by artificisl treatment.

The water supply system should ke free frco:
-sanitary Defects: faulty locarion, design, or
construction of water wcrks which way prevent water
purification.

—health Hazards: faulty eperatieg conditiora which
er.lunger water purification.

B. Standards for dcfine
the quality of war
proebubly ramder of e
ufficial eval
to be basad on quarn
of colifctn bacteria performed by state kralth
agencies, local gow ~nt laborateories, water works
authoritics, or approved corsercial iaborateries
[36: p. 39-1§].

RIOILAICAL CUALITY:
piy in terms of the most
arm Lacteria presert.

of bacterinleogical ality are
titative tests for the presence

Tra frequency of SMULING and the location of
eampling points on tha d ribuzisn systen should be
guch that the bacterisicgical quality of the water
supply can be accurately deter ned.  The mintmuz
nu=ber of water samples to be coliected and exaciined
sach month shall be in accordance with the pogpulation
served as shown below {16: p. 19-181.

POPULATION SAMPLES PER MONTH

to 2,000 2
10,000 12
50,000 50
100,06 95
900,000 oo
2,000,000 400

4,530,000 500

€. stardards for PHYSICAL CHARACTERISTICS: esta=
blish limiss for the turbidity, color, taste, and
odor which are accertable in drinking water.

The physical characteristics cf a public water
supply shouid be examiroed at least cnce a week 0
detersine its acceptability in terms of the
following linmjts
—Turbidity: caus~d by suspended solidss shall not
axceed 10 parts per millicn (ppa) on the silica
scale,

~Color: caus:d by organic ratter/minerals in solu-
tion; shall not exceed 20 parts per villion {(ppe)
on the platinum-cchalt scales.

~Taste/Odar: caused by algae, decemposing organic
matter, dissolved gascs, incustrial wastes; srall
not be chjectional.

D. Standards for CHEMICAL CHARACTERISTICS: esta-
blish lizits for the amounts of scluable aineral
substances and residuzal treatrent chemicals which
are safe/acceptable in drinking water.

-

The prescrce of the follewing (poisencus) substances
in exceasive conc raticns constitutes grounds for
rejectinn of the supply: leal, flueride, arsenic,
sclenium, and hexavatent chre-iuz.  Salts of barium,
hexavalent chromiwz, heavy metal glutosides, or
other substances having deleteorious phyziological
effacts shall not be used in water trcatment.

The follc +ing chemical schutarzces (fFresent in not-
ural or treated waters) should ant occur in ex-
cessive corcentrations, ewpecially where other more
suitable supplies are available: copger, iros,
manganese, Tagnesiun, zinc, chloride, sulfate, ~d
»h lic corpounds. Total scltds in water of good
[, al quaiity siculd not exceed 500 ppm, but
10C0 ppm pay be permitted if such water is not
available.

For chemically trcated waters (lima softened,
zeolite/ion exchange treated waters, etc.) specific
roquirements concerning alkalinity should bes met.



The OWNERSHIP/CONTROL/A MINISTRATION of wa-
ter supply can be: [37: pp. 582-583]

-private: organized as a corporation, part-

nership, or single owner. -
-Public: organized as an autonomous depart-
ment of a city government or as a department
which is subordinate to another such as pub-
lic works; either being responsible directly
to the mayor, a board of ccxmissioners, or

the people.

According to the World Health Organization
{(v1i0), the most efficient maintenance and
operation of water supply or wastewater dis-
posal systems occurs under an agency having
central control over the entire area served.
"In a metropolitan area consisting of more
than one municipality, water and sewerage
authorities, with central purchasing and re-
pair services, can o;erate rore econolically
than separate smaller municipal agencies.
Centralized operation has the added advan-
tage of making it economically possible to
include highly skilled engineers and techni-

clans on the staff.

“All the public utilities in the metropol-
itan arca can be combined into one central
organization; experienca in one metropolitan
area with the consolidation of operation and
maintenance functions for a nurber of public
utilities, including water, scwerage, elec-
tricity and telephone services, has proved
encouraging, and this type of organization
may be worth considering in other areas of
the world® [41: p. 35].

FINANCING a water supply or wastewater dis-
posal system can be accomplished by: [37:
p. 601-611]
-Direct Taxation: secldom used for sclf- -
supporting services such as water works.
-Special Assessments: levied against pro-
perty to pay for improvements that are of
direct bensfit to the property assessed.
-Fevenue Bonds: may be issued by privately
or publicly owned systems: use revenues
from water supply and physical value of
works as sécurlty.
-Issuance of Stock: usually by privately
owned waterworks, raises capital for the
developnent of a water supply, which can be
leased/sold to the city.

-Mortgage Bonds: may be sold to the public,
usually by privately owned waterworks, as
share; of the mortgage which resulted froa
the hypothecation of the physical assets or
anticipgted income of the works.

-Covernment Grants and Loans: may be a-

warded to contributing and self-supporting

‘from the sale of water [37: p. 605].

waterworks, especially during periods of
economic emergency or to encourage water

conservation.

~he principal source of REVENUE for water
supply and wastewater disposal systems cooes
This
self-liquidating attribute of water supply
fand sewerage) is extremely important in
justifying the considerable outlay of cap-
ital usually required. Water rates and
sewerage charges must be determined properly
but fairly for operation, mmainteznance, and
amortization.

A practical method for col-

lecting sewerage charges has been to make

them a percentage of the water charges

[41: pp. 33-34].

APPENDIX

THE WATER CRISIS
The world's fresh water supply is linmited;
and, there i3 an increasing demand for that

water. The following graph illustrates the

" balance between total available water and

the demand for water ir the US from 1900 to

2000 (fig § ).
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The rapid growth uf both population and
water consumption has sharply increased the
need for the re-use of water by all non-con-
sumptive uses (industries) and increased the
need for control over the consumptive uses
(artificial irrigation) [35: p. 424].
Existing water usages should be evaluated
and improved to make more efficient uses of
water. Wasteful uses which should be im-
proved include:
-Artificial Irrigation: accounted for ap-
proximately S0% of US water consumption
(1960); consumed nearly all water in many
developing countries [35: pp. 423, 4241.
-Industrial Uses: accounted for approxi-
’mntcly 401 of US water consumption (1960);
and, are taking an increasing share of the
world's water, while at the same time, mul=
tiplying the pressure of pollution on nat=
ura" sources {35: pp. 424, 425].
-Domestic Use: “since water works were in-
troduced in European and American citles,
the quantities of water each citizen takes
and consequently thinks he nceds have been
constantly mounting™ [40: p. 158].
-Hater Closet Sewage Systems: consume over

40% of US domestic water supgly. .

*"It is sheer gocd fortune that, as far as we
know, water is not lost to the globe, but
recirculates in the hydrological cycle of
nature, but unfortunately not as fast as wve
manage to use it. This explains why today
on all continents an annual net loss of
water can be registered. Furthermore, the
quantity of this net loss is mounting with

each passing year® [40: p. 175]).



®In the broad sense, water is a rencwable
resource. It circulates on the Earth in a
complex serims of pathways known collective-

1y as the hydrological cycle (fig # ). The
oceans scrve as the principal reservoir,
from which an estimated 875 cubic kilometers
(ck) evaporate per day. About 775 ck return
to the ocean through condensation and pre-
clpitation, there being a net windborne
transfer of some 100 ck from thc seas to the
land. About 260 ck daily fall upon the land,
100 ck of which are blown in from the sea
_ and 160 ck have been previously cvaporated
trom the land. The cycle is balanced by
about 100 ck of daily runoff from the land
to the sea via the streams, rivers, and
flow of ground water. But even though it
circulates, the finite supply of fresh water
still places limits on the number of people
that can be supported, both in specific lo-
cations and on the Earth as a whole" {[40:

p. 133] {49: pp. 63-64].

oo 43

Hydrob- e cycie {in cubic kllometers per day). (Daua from Borptrom, Too Mary,
Macrmilaa, New York, 1967} .

WATER POLLUTION [49: p. 126-128]

®In many communities direct threats to human
health arrive through the faucet. The drink<
ing water that flows from the tap in some
localities has already passed through seven
or eight pcople.'. Through chlorination and
filtration this water should be safe to
drink.

“Unfortunately, the water in many US

cities is often unsafe to drink. Although
proper chlorination may help, there is

growing evidence that high contents of or-
ganic matter in water <an somchow protect
viruses from the cffects of chlorine. In-
fectious hepatitus is spreading alarmingly
in the United States, and a major suspect
for the route of transmission is the ‘'toi-

let-to-mouth pipelire’ of many water systems

not made safe by chlorinatior.

"As “he .populations of many municipalities
grow, their scwage treatment facilitles,
thoug1 once adequate, are quickly outgrowm.
Punds‘for new facilities can be cbtained
only at the expensc of those needed for
better schools, police departments, water
systems, roads, and other public secrvices.
Inevitably, it scems, the available funds
are insufficient to mecet all these reaods,
which ere created in part by increascs in

population. Lax lnspections and publiec

" health standards permit construction ol sep-

tic tanks too close together or in unsuit-
able soils in many of the rural and suburban
areas where there are no general sewagc fac-

ilities.

"As population grows so does industry, which
pours into our water supplies a vast array
of contaminants: lead, detergents, sulfuric
acid, hydrofluoric acid, phenols, ethers,
benzenes, ammonia, and.so on. As population
and industry grow, so does the ncad for in-
creased agricultural production, which re-
sults in a heavier water-borne load of pes-
ticides, herbicides, ard nitrates. A result
is the sprcad of pollution not just in
streams, r{vers, lakes, and along seashores,
but also (and most seriously) in groundwater,
where purification is almost impossible.
With the spread of pollution gocs the threat
of epidemica of hepatitus and dysentery, and
of poisoning by exotic chemicals.

.
"Water polluticn with sewage provides one of
the classic examples of diseconomies of
scale accompanying population growth. If a
few people per mile live along a large
river, their sewage may be dumped directly
into the river and natural purification will
occur. But if the population increases, the
waste-degrading ability of the river becomes
overstrained, and either the sewage or the
intake water must be treated if the river
water i{s to be safe for drinking. Should the
population along the river increase further,
more and more elaborate and expeasive treat-
ments will be required tu keep the water
safe for human use and to maintain desirable
fishes and shellfishes in the river. 1In
gencral, the more pecple there are living in

a watershed, the higher the per capita costs

of avoiding water pollution will be."



WATER SUPPLY IN DiVELOPING COUNTRIES [38: ~The role of ministries of health in com-

- oy ™ 1008
- R . .-
pp. 10-16] munity water suyply are not always clearly I l
AFRICA 5
defined. ASIA - —
Water supply is a critical factor in public _
X : NORTH AFRICA SOUTH-WEST ASIA
health and economic development in most As a result of the factors listed above, s
Algeria
parts of the world, particularly in devel- over 70% of the urban population of devel- Iran
. Libya
oping countries. In 1963, the world Health oping countries has an inadeguate piped Iraq
N . . . : R Horeceo Isreal
Organization studiec the urban water supply water service, or is being supplied with
. : c Tunisia Jordan
conditions and needs of developing countries unsafe water, or both. Unless these defic-
. . . United Arab Lebanon
in Africa, Asia, and Latin America. Very jiencies are eliminated, present shortcomings Republic
considerable shortages in urban water supply will continue to exist and even worsen with Saudi Arabla
were reported for ncarly every country as rapid population 2xpansion. Where piped APRICA .SOUTH CF THE SAIAFA syria
illustrated in the included charts (fig § ). water is unavailable, people turn to SOUFCeS  angala urkey
The factors exerting the greatest effect on that are likely to be unsafe, exposing them-  cameroon 3 :_:;ﬁ;lzn(,-n
urban water deficiencies in most developing  selves to various water-borne diseases., C. Mrican
e Republic
countries were identified as follows: SOUTH—CENTRAL A
Chad
-Although the improvement of water supplies | Afghanistan
Ethiopia 1
depends largely on governmental support, ; Ceylon
Ghana 1
many governments have not made water re- India jl
Cuinea ! .
quirements a matter of government policy. . Nepal
Ivory Coast j
~Schemes for comnmunity water supply are 3 pakistan
. Keyna 1 :
often not included in naticnal development . Bangladerh (8)
5 Malagasy - .
plans. \ Republic (1)
g R SOUTH-ZAST ASIA
-Urban water needs are oiftan insufficiently Mali T
v . i : Bu
represented in thz general development of Mozarmbique 1 i
co A ¢ Cacbodia
water resources because no priority policies Niger = - 1
* { Ind: j¢
have been established and no general master Nigeria ik | onex’s
. La
plans are in effect. Rhodesia, A e g o
Kalawi (2) Halaysia (9)
-The most aignificant factor is the lack of t yeia
Rwanda, — Phill; oin
adequate financial support. purundi (3) | izines
Republic of
-Inept and inadequate operation and manage- Senegal Vietram
ment, lack of an effective admninistrative ‘ Sierra Lecne Thaiiand
machinery and a lack of a technical staff to Socali
. Republic (4)
promote and design water supply systems and .
PIGURE § WATER SUPPLY IN DEVELOPING Sudan EAST ASTA
to improve existing systems are additional China
COUNTRIES Tanzanla (5) (Tatwan) 3 :
handicaps. - - Republic of == PR
XEY - PEFCENTAGE OF HOUSEHQLDS: © Togo 3. H Xorea
-The legislation is inadequate, water rights ' -
-¥ith House Connections [ ] Uganda
are poorly defined, and clear definition of : T ! .
‘ ~With Public Qutlats == Upper Volta ey
Tesponsibilities is lacking. .

-Fot Served Zaire (6) W= N
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LATIN AMERICA

Costa Rica

Cuba

Doninican
Republic I l

£l Salvador

Guatem.la

Hajti

Mexico

Nicaragua

Fanara

TROPICAL SCUTH AMERICA

Bolivia

Brazil

Colonbis

Peru

Venezuela

TEMPERATE SOUTH AMERICA

Argentina

Chile

Paraguay

Uruquay

NOTES: The naras of scveral of the developling coun-
tries studied by tho World Health Organization havae
changed airce the date of the study, 1962, These
names in 1962 were:

{1) ladagiscar

{2) Fedcration of Rhodesla and Nyasaland

{3) Ruarda-Urundi

{4) Somalia

{5) Tanganyika

{6} Congo (Leopoldville)

(7) Yezen

(8) Pakistan (Zast and West)

{3) Federation of Malaya

METIODS FOR REDUCING WATER CONSUMPTION AND THE COSTS
OF SUPPLY

A. WATTRLESS TOILET SYSTEMS: could reduce US water
consuzpticn by up to 4Gs.

Pronisirg innovations in this area include: {39: p.32]
~The Vacumatic System: ezploys a vacuua flushing
toliet, which uscs about 5% of the water required by
conventional tollets, reducinj sewerage collection
and treatzent as well as reducing water waste.,
=-Self-contained Toilet-incincrator: unes no water,
but requires fuel for turninj the scwage ard can con-
tribute to air pellution.

~Closcd Recircula%ing System: requires very infre-
quent water supply and releases no sewage outside

the system, reducing water supply and wastewater dis-
osal requirerents,

B. WATERLESS PIRE FIGHT using foans or fogs
could reduce the costs of water distribution to
abcut €0V of today's piping costs: and, since fire
reserves would no longer be necessary, rmore water
would be available for consumption {29: pp. 34, 3S].

C. WATER FLOW-LIMITING DEVICES: which are designed
not for billing purposes but to ecliminate water
waste, are nceded.

In the present state of water meter development, the
metering of all connected custoners is far from
ideal, especially in developing countries. Fuwever,
a durable, lnexpensive flow-limiting device could be
most useful for the pinicun connzcted custoners
(those having only ona faucet/dwelling}. By lower-
ing water system construction costs through water
waste control and by reduciny operating costs rela-
tive to a matered system, such a device could in-
creasc the number of dwellings connected and reduce
the nuzber of public hydrants [38: pp. 29-30).

LL, SANITARY SEWERAGE

DEFINITIONS

' WASTEWATER SYSTEMS (Sewerage or Drainage

Systems) are structures for the collection, -
treatment, and disposal of nanitary sewage
(domestic and industrial wastewaters) and/or
stormwater runoff. When sanitary sewage and
storm waters are collected in the same sewer
system, it is called a combined system of

sewerage; a2nd, when they are collected sep~

’ arately, in SANITARY SEWERAGE and STORM

DRALINAGE, it is a separate system of sewer-~
age. Combined sewerage is cormon in the
older cities of the world (London, Paris,
New York, Boston), where they evolved from
existing systems for stnrm drainage ([36:

P. 3-1].

SANITARY SEWERAGE({*) - the system of arti-
ficial usually subterrancan conduit to carry
off sewage (composed of Excreta: waste mat-
ter eliminated from the human tody: Domestic
Wastes: used water from a haome/community
containing 0.1% total sciids; and ;to:na In-
dustrial Wastes [34: p. 167}} but not water
from ground, surface or storm. '-\

The PRIMARY PURPGSE of the sanitary sewer .
network is to transport and dispose of human
wastea from each houschold in a safe, sani-
tary manner. Since a sewage disposal system
is a potential source of contamination, the
selection of scwerage modes should preceed

tha selection of rodes of water supply ([19:

.p- 98].
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l COMPONLNTS OF THE SIVER NETWORK

[ COLLEZCTION COMPONENTS

HEREE

j ~

Feie

RADIAL SYSTEM FAN SYSTEM PERPENDICULAR SYSTEM

<4
INTERCEPTOR SYSTEM

~
ZONE SYSTEM

concentration o!

wastewaters

COMPONENT:

LT

RESPONSIBILITY: developer finances and installs in all cases

N : CONTROL: systems dceded to city in all cases

CHARACTERISTICS: for both com- for sanitary storm sewers or cosbined for combined for combined sys-

(—punplng if needed

bined and systems systems systers tenms
sanitary sys-
ten rarely used for corbined for irregular usually sized for
. systems topographical only srall rain
used for flat areas flows
sites
requires water
course to dump
storm flows which
purificaticn of —
wastewater to lessen vl . d . .
effect of poilution
EXAMPLE OF USE: Berlin Vicnna Manhatten, New York Boston Cleveland, Ohio

. ADVANTAGES : easy to ex- allows single shortest route to dis- eliminates major allows single
pand treatment plant; posal; pumping treatment plant
DISPOSAL pilution into Irrigation Individual om0 in. Allows direct durping good for flat
transfer of waste- ‘1':;‘:: cg'}.‘::i:: systems: gle outfall of heavy ston:\ flows areas
water back into the ‘
ecological cycle
DISADVANTAGES: requires oul- difficult to ex~ pollution dangers of requires large requires large sew-

tiple treatment pand water disposal areas main sewer er as main

The COMPONENTS of the sanitary sewerage ays-
tem are 111u$tratcd in the following fig- )
ures: {19: pp. 99-105, 110}

-Sanitary Sewerage Network Diagram (fig # )."
-Collection Systems Chart (fig § ).
-Treatment Systems Chart (fig ¢ ).
-Disposal Systcems Chart (fig § ).

~Collection Components Chart (fig ¢ ).

*  plants

requires multiple
treatment plants

difficult to
expand

difficult to ex-
pand

pollution dan-
ger



TREATHENT SYSTEMS I

ICOLLECTION } lfﬁEATHEHTJ-IrDISPOSAL

COMPONENT:
RESPONSIBILITY:
CONTROL:

CHARACTERISTICS:

SCALE OF
DEVELOPMENT:

Treatment plant

developer finances and installs if plant needed
deeded to city

treatnent consists of removing solids and

objectionable material from water carrier to
prevent pollution of outfall areas. In sonme

cases, temperature of the effluent must be -

aitered to match the outfall streams if
streams are small in relative scale.

design period from 20 to 25 years; 10 to 1S
years if interest rates are high.

PROCESS

Prirmary treatment: (large solids)
* grit chambers
settling tanks
sludge drying beds
Secondary treatment: (suspended matter)
trickling filter
activated sludge
sand filtration

Disinfection: chlorine usually used
Lagoons arc sometimes used with remarkable
succeas; they have no odor and are simple to
operate. (See following page).

Limited by the degree of purity demanded for
specific situations; it is directly pro-

. portional to cost.

10,000 gpd is classified as the threshold
of large systems.

COMPONENT :

FUNCTION:

lLAGOONS: TREATMENT AND DISPOSAL SYSTCM J

Lagocns (also called oxidation ponds)

the use of bacterial and algae acticn to digest
wastes; in the cycle the bacteria converts the
sewage into food for the algae which releases
oxygen which the bactcria feeds on in return:
the algae eat the CO,, nitrates and other pro-
ducts of the bacteria process. PRaw or secon-
dary treated sewage may be the input into the
lagoon.

RESPONSIBILITY: the dcvcloper is responsible for his own sys-

CONTROL:

tem, the city provides system if used for the
whole areca .
-

.ci:y policy coatrols system; health laws govern

CHARACTERISTICS :minimun depth of 1 meter to prevent weeds from

SCALE oF
DEVELOPMENT :

ADVANTAGES :

DISADVANTAGES:

growing; maximun depth of 1.5 meters since the
sunlight necessary for the photosynthesis
action of alga~ doos not penctrate any deeper
than this; the depth should ve uniform through-
cut. R

the bottonm may be paved or uagaved, sandy ox
soil; it may nced to be paved if the input flow
of sewage is less than the seepage rate and
evaporation. Avoid irreguiar shorecline; shape
is not critical in any respect.

system is balanced in sizc so
seepage and evaporation loss,
sccondary overflow ficld must

inrut flow equals
for smaller system
be provided.

should not be located near water supplies:
400-8C0 meters from residential area for safety
reasons

supports 17 to 60 pounds/acre of B.0.D. (solids)

climate critical in location: needs sunlight,
windy weather ajds mixing process; if ice
covercd may have teaporary odor upon thawing
in spring

supports 100 to 500 houses prr acre of pond
no treatmant niant aceded ; no nain-
tenance problens: more of gester of
bacterial waste, no ddor, ccaven-
ticnal plants; accepts raw SoWas allows pipe
network with futurc hock-up to city scrvice

without loas; iand may be reused. Agprox.
1/10 to 1/50 of the cost of scptic tanks.

reguires large arcas of low cost land; not
efficient on cloudy days: rno long tera exper-
ience (25-50 years) with systen; odor when
system overloaded



DISPOSAL METHODS I

COMPONENT:
RESPONSIBILITY:
CONTROL:

CHARACTERISTICS:

EXAMPLE:

SCALE oF
DEVELOPMENT :

ADVANTAGES:

DISADVANTABES:

4

pilution in water courses

developer

regional or local board

may be emptied into water
without treatment if
diluted to 2.5 cps of
water per 1,000 persons
in swift streams and

10 cf3s of water per

1,000 persons into
sluggeat streams.

(6 cfs avcrage)

New York

Depcendent on the size of
the water course used for
dumping

Easy access
Low cost.

Danger of pollution in
the water courses.

COMPONENT:
H i £i
Irrigation fields RESPONSIBILITY:
developer CONTROL ¢

May be either sub—
surface or surface
irrigation

Subsubsurface
requires drain
field.

Berlin

Dependent on soil
characteristics;
also on the water
table and geclcg-
ical conditions.

A satisfactory
alternative if no
water courses are
accessible for
dumping.

May be used for

crops if water is SCALE OF USE:

scarce.

Danger of the con- .
tamination of ADVANTAGES :
groundwater .
supplies. DISADVANTAGES :

More expensive for
nmunicipal if no
cheap land avail-
able.

[INDIVIDUAL DISPOSAL

SEPTIC TANK
individual

individual

CHARACTERISTICS:requires drain ficld

to take care of eff-~
luent

system dependent on
soil and geological
conditions

sized at 50/75 gpcd:
500 gallons minimua
capacity: no storm
flows allowed

drain field max. length conditions

of 100°' on flat site;
6* spacing of lines;
4" tile for drain:
from water source

percolation of waste
acts as treatment plant;

tank stores solids
min. slope of 3/4°
100 feet of drains;
if too stcep; drains
fail

individual only; lots
over 2 acres

may not be used with
wells; more exgensive
first costs than
public system

canﬁct expand casily

requires maintenance

100"

O

O

CESSPOOL PRIVY
individual individual
individual individual

does nct require
drain field

consists of
storc cffluent hole in ground
in large fluid

filled tark short term

where liquid use only

slowly spces

out 1.5 m. min.
depth

highly dependent
on soil and
geological treat with
lire and

cover with
18" of soil
after use

1 scat per
15 people
on communal
scale

indivicual only in both
cases
low cost low cost, or

. no cost

may not be used with wells
poilution and discase dan-
gers; contaminates water
supplies easily: more than
septic tank



COMPONENT s
PUNCTION:

RESPONSIBILITY:

CONTROL:

HOUSE SERVICE

connection for each dwell-
ing to convey sewage to
system

individual

individual

CHARACTERISTICS .cast iron pipe becomes

SCALE OF
DZVELOPMENT:

service line into house

4" min. size (US)

each dwelling

1L

COLLECTION LINES

supplies scwage to main
lincs

developer installs and
finances

deeded to city

min. size of pip~ is 8"
{U5)

pipa sized by min. clecan-
ing velocity and physical
cleaning potential

6" pipa sometimes accept-

able if no extensions
are planned

each block of developnent:

N%=A.,

MANHOLES

clean out access
points; velocity &
pressure drop points;
changes in directions

.6 to 1.0 metrer in
diamecter

spacing of 90-12G
meters if pipe under
24"; if over, may be
spaced at 180 meters
and up

required at all bends
and changes in c¢le-
vation

may become "drop”
mannoles to protect
against excessive
velocity

300-600 mcter
spacing

[ COMPONENTS l
T
—_— ] ) !
?
LIFT PUMPS TERALS MAINS

forces sewage to
higher clevation from collec-
to avoid dxep pipe tion lines
network

developer installs and finances
decded to city

designed for
400 gcd

may be optional

usually dupli-
cate punps
located in man-
holes

reguires main-
tenance on
rcgular basais;
usually not
desirable to
install

as needed

combines flow

combines flow
from laterals

designed for 250

- ged

the depth of this
pipe is critical
in the systen lay-
out, since all
laterals and ser-
vice lines must be
above the main for
economical flow



CONSTRUCTION COSTS for sanitary sewerage in
North America (1965) are distributed approx-
imately as follows: [36: p. 3-30]
~Collection: &0t ($30 -~ $100 per capita)

~Treatment: 40% (520 - $47 per capita)

In a COMPARISON OF CONSTRUCTION COSTS in
1965, sanitary scwerage and water supply
systens related as follows: [36: p. J-Jbl
-Sewage Coll.ection Systems: half the cost
of water qiltributlon svstems.

~Sewage Treatment Systems: twice the cost

of water purification systems.

The AVAILABILITY of existing/proposed sani-
tary ovwerage in relation to a prospective
site iz an important factor in site selec-

tion [8: p. 451 (See: LOCATION).

ALTERNATIVES for sanitary sewage collection

and disposal from a site ary generally: 119: .

p. 106]

~Connection to an existing system.
-Developuent of a cormunal system.
-Provision of/reliance on individual systems
for eacl. dwelling.

The following chart (fig ¢ ) illustrates
the sanitary sewerage components required
for each of the above alternatives [19:

p. 107].

T.cQUIRED COMPONENTS J

TYPL OF SYSTEM

EXISTING SEWZR COMMUNAL SYSTEM INDIVIDUAL
SYSTEM SYSTEM
COLLECTION coanection of provision of pipe ;ndividua}
new system to network and con- [pipe service
existing city nection to pri- lines
network vate Gisposal
TREATMENT complete plant of
not primary and sec- not
required ondary treatrent required
lagoon ray be
used
DISPOSAL dilution in water | septic tark
not course, irrigatios] with drain
required or lagoor must be| field, or
provided cesspool or
privy must
be provided
SCALE OF no limits if usually more than | large lot
DEVELOPMENT city pipe net 100 dwgllinqs conditions of
able to handle make cormunal low density:
additional systens economic- ! generally
capacity ly competitive greatgr than
1500m<; de-
pendent on
soil
ADVANTAGES reliable system} no deperdence on feasible al-
. lower cost per city system if ternative on
unit; no treat-! inadequate small scale
ment plant nmust
be provided
DISADVANTAGES may inherit bad| high first costs; | pollution

system

usually not well
maintained; loss
of investment if
city expands

dangers;loss
of investment
if city exp-
ands

The CAPACITY of existing/proposcd sanitary
scwerage adjacent/available to a site should
be adequate to carry the load of the propos-
ed settlement as well as future developrents
in the areas served by the systom. If
connection to a public system is possible,
the devclobcr should ascertain its capacity
from the épproprlute local authority [8: pp.
45, 46]. The development of a site may be
precluded when its prospective sanitary sew-
erage is either unavailable or of inadequate

capacity.

The capacity (hydraulic performance) of a
sanitary sewage and/or storm water collec-
tion system to serve a site is a function
of: [36: pp. 14-7,- 14-12]

~FLOW {rate of discharge) of wastewater vol-
umes it can remove from the site.

~VELOCITY of the wastewater flow in the sys-

tem serving the site.

Most wastewater disposal systens include re-
latively massive structures that take a long
time to construct and are not easy to
expand. Selecting their capacity is not
simple [36: p. 5-2]. Sec WATER SUPPLY for

the estimates needed for capacity selection.

The probable sewage FLOW from an area is a
function of such existing/estimated factors
as: [34: p. 198, 200] [(36: pp. 5-21, 15-1]
-Population: as population increcases, sew- -
age discharge increases.

-Land Use and Intensity of its use: indus-
trial, commcrcial, and residential areas
will have varying sewage discharges: there
may be variations between high, medium, and
low income residential areas; as the deosity
of an area increases, the sewage discharge

from that area increases.



-Water Consumption: sewage quantities are
generally from 60t to 90% of the quantity of
the water suppliecd.
-Habits of People: culture, living patterns
should not be neglected as factors.
-Type and Number of Plumbing Fixtures: sone
fixtures (kitchen sink with garbage dispos-
al, flush valve toilet) usec more water pro-
ducing greater sewage discharge than other
fixtures (kitchen sink without disposal,
flush tank toilet); as the number of fix-
tures inc.asases, the design flow 1nc:casqs.
-Preasure of Water Supply: with hlgﬁ pr;s-
sures, more water i3 lost to the sewerage
through faucet overflow.

vVariatioas

Sewage flow is never constant.

in it occur: [34: 7. 198]

-Seasonally: troughs oczur during vacation

periods, holidays.

-Daily: peaks on weekdays; troughs on week~
ends.
-Hourly: peaks at noon; troughs in the ear-

ly hours of the morning.

Minimum flows used in sewerage design in usa
are: {34: pp. 262-265)

=100 gallons per capita per day (gpcd): for

treatmcnt works. -

=250 gpcd: for mains, outfalls.

~400 gpcd: for submains, laterals.

Sewage flows are betwecn €0V to 30% of the

quantity of the water supplied. However,

100% is used in design of the scwerage com-

ponents to provide allowance for infiltra-
.

tions and illegal connections [19: p. 111].

The flow within proposed sanitary sewerage
ghould be based on an average maximum. Daji-
ly water meter readings from a similar ex-
isting scttlement taken over an extended
period of time, including weckends and max-
imum days, would be of value in determining
an average maximum daily flow estimate.
*Caution must be used when interpreting
quarterly, semi-annual, or annual meter
readings, as averages derived from these
figures will be low unless corrected for
vacation periods, weekends, holidays, and

seasons of the year" [34: p. 198].

" The flow of sewage cischarge is uspally

measured in: {36: p. 5-1]

-Gallons per capita per day (gpcd); liters
per capita per day (lpcd): usual means of
measurement of average rate of flow.
~Gallons per day (Ggpd): liters per day
{1pd}:

average rate of flow.

The VELOCITY of wastewater in a system
should b~ sufficient to transport water-
borne wastes or storm scourings with little
or no deposition; but, the vclocity should
not be so great that channel surfaces are
eroded [36: p. 14-1j. The following veio-
cities define these limits:

~2 to 2.5 feet per second (fps): minimum
.self-cleansing velocity; below this there
will be deposition of solids waking access
to sewers necessary for inspection and
cleaning [36: p. 3-9].

-8 to i0 fps: maximum in concrete sewers

to avoid abrasion damage [36: p. 3-11].

Cleansing potentials (velocity), not just
flow requirements, dictate minimum waste-
water pipe sizes (8 in. in USA). Hydraulic

performance of sewers is improved by in-

.craasiqg their GRADE or slope, which in-

creases the velocity of flow and reduces the
sewage depth in the sewer [36: p. 14-7}.

The CONCENTRATION, COMPOSITION, and CONDI-
TION of raw wastewaters is analyzed to iden-
tify its: [36: p. 20-4)
~Possible effects on the collection systcm.
~Probable response to treatment.
~Possible influences on receiving bodies 6!
water or land lnto/onéo which these wastes

are to be disposed.

Tests measuring the CONCENTRATION of sewage
teflect its strengtie in terms of: [36: p.
20-61 '
-Solid matter: which is potentially offen- -
sive to the sight whether it is dissolved,
suspended, or scttleable.

-0rganic matter: which is potentially of-

fensive to the smell because of its putresi-

bility.

The concentration of municipal wastewaters
depeads on water dsc, nature and tightness
of the collection system, and the degree of
storowater ccllection. While these factors
uffect the dilution of sewage, the pollu-

tional load remains unchanged [36:

p. 20-17].

Tests measuring the COMPOSITION of sewage
reveal its content in terms of: various
forms of nitrogen, phosphates and other fer-
tilizing substances, dissolved oxygen {DO),
chloride, sulfide, acidity, alkalinity, ra-
diocactivity, and accutely toxic wastes [36:
p. 20-6]. Wastes frem vithin settlements
are composited within the collection system
producing relatively constant per capita
amounts of suspended solids, organic matter
(in terms of Chemical Oxygen Demand (COD}
and Biochemical Oxyjen Demand (BOD)), and
other substances of special concern in the

disposal of scwage [36: P. 20-15]}.

Teats or>zuring the CONDITION of sevage ex—
plain the progress of the decomposition of
organic substances in wastewaters, effluents
and receiving waters in t.vms of: {36: p.
20-7]

~Physical, Chemical, and Biochemical tests:
for odor, tcmperature; sulfide, Ph; DO, BOD,
COL, and nitrogen.
~Biological tests: for growths of indica- -
tora of pollution and bacteria (including

coliform organisms).

The condition of wastevater at treatment
works or at the ocutfall of the sewerage is
a function of the time of travel (dependent
on the length and grade of the collecting
system) and the temperature of the waste-
water. Long lines, low grades (sluggish
fiow), and high temperaturcs destroy the
freshness of wastewaters and promote decom-

position of its putresible materials [36:

p. 20-17].

Por discusaion of COWNERSHIP/CONTROL/ADMIN-
ISTRATION and FINANCING of sanitary sewer-

age, see WATER SUPPLY.



45, STORM DRAINAGE

DEFINITIONS
STORM DRAINAGE(*) - storm scwer: a sewer
(system) designed to carry water

wastes ex-

cept sewage (exclusively: storm water, sur=

face runoff, or street wash).

The PRIMARY PURPOSE of a storm drainage sys-
tem is the removal of storm water runoff to
prevent flooding. Flooding results in high
material damages, washing away streets,
sidewalks; underminin~ building footings;

and threatening watcr supplies by infiltra-

tion and contamination [19: p. 119]).

The COMPONENTS of the gtorm drainage system
are illustrated in the following figuges:
[19: pp. 120-124)

-Storm Drainage Network Diagram: (fig ¢
-Collection Components Chart: (fig-¥. ).
-Disposal Systems Chart: (fig & ).

COLLECTION

LTHE STORM DRAINAGE NETWORK

i
gttt
Catchm~nﬁ“|l

Areas \“|“
{(Primary
interceptors)

\E
concentration of | =g “ v
storm flows

|

T
PSP A

COMPONENT :
FUNCTION:

Y

CONTROL:

Plow concentration

duits

D

recycling of stomm
flow into the
ecological system

Into scwer system
(combined system)

—

~/
™

open channels

~

Dilution
into water
cources -

Irrigation

! SCALE OF
DEVELOPMENT

ADVANTAGES:

DISADVANTAGES:

—

COLLECTION:

Primary Intcrceptors

L

R AL RN Y

WALKWAYS

immediate

ROADIAYS

A4
DITCHES

control of water ruaoff, allowing

dispersed runoff til need for pipes required

installation

RESPONSIBILITY: developer is responsible for financing and

city controls and maintains all three components

CHARF.CTERISTICS :curbed sidewalk

controls runoff
into desired
direction

walkways are
sloped to kecp
_pedestrians dry
but still allow
. water control

as neceded

allows water
concentration
for econorical
pipe sizing

heavy rains
flood sidewalk

15-23 cn. curbs
channcl water to
inlets and con-
centrate water
into desired
volume for given
pipe diameter

roads are crowned
to kccp water out
of normal vehic-
ular travel
scctions under
normal runoff
conditions

since emergency
vehicles norm=-

swallow
ditches are
standard
requirements
(FHA-US)

usually
located on
sides of
streets to
drain road
bed

ally have a higher

body and larger
tires, they may
easily necgotiate
the streets when
they are flooded

access to each
DU

allows econom=
ical sizing

for pipes
allows multiple

use of existing
syston

25-50 year rains
flood roadway

along roads

incxpensive

constant
maintenanca
required



.

COMPONENT :

RESPONSIBILITY:

CONTROL:

CHARACTERISTICS:

SCALE OF
OEVELOPMENT :

ADVANTAGES :

DISADVANTAGES:

-

COLLTCTION I
Flow Concentration

EE

PIPE NETWORK

developer connects
to city

CHANNEL HETWORK

developer established

city maintains systems in each case

gravity flow system

min. vel: 2.5 fps
when flow at full
scction; max. flow
of 8 fps. if pipe
unlined, 15 fps if
concrete lined.

12" min. recommended
pipe size (U.S.)

2 centimeters per
100 meter slope a
common recommendation

layout related to
strect drain system

economy dictates
scale

good &x small rain-
fall control

difficult to change
or alter as 2area
becomes built-up ard
runoff increcases

unable to design for
large flows econom-
ically

gravity flow system
2.5 fps min. flow

brick lined to prevent
scouring

large reas; dependent
on rainfall intensity
and duration

inexpensive system for
large flows

becomes a physical
bou-ary

becomes trash collec~
tion site, health
hazard

JDISPOSAL SYSTEMS

]

COMPONLNTS: SEWEZR SYSTEM

DILUT.iON

RESPONSIBILITY: vonnected by developer

CONTROL: deaded to city

CHARACTERISTICS:syitem called
fcombined”™ when
connected to
gewer

EXAMPLE OP USE: Boston

SCALE OF

DEVELOPMENT : limited by
existing net-
work size

ADVANTAGE: only one pipe
network needed

DISADVANTAGES: irpossible to

adeguately de~
sign; pipe
sizing must
resort to over-
flow which re-
sults in con-
tamination of
arca and health
dangers

I
L,

Lo

|
—_

IRRIGATION

regional board regulates use

most common
system in
urkhan arcas

limited by
size and
flow of
water gourse

inexpensive

pollutes
water system
easily during
heavy rains

used in {lat

areas

uscd where
water i3 at a
premium

Berlin

limited by
soil drainage
ability

may be used as
water source
in arid areas;
agriculture
value

oaly useful if
larnd is inex-
pensive

danger of
poliution of
ground water

‘CONSTRUCTION COSTS for storm drainage and/or
combined sewerage in North America (196S5)
was about 3} times as much as sanitary sewer-
age (See SANITARY SEWERAGE). It is very
costly to plan for all eventualities of
flooding. Therefore, a compromise between
the cost of flood damagc and the cost of

drainage is necessary in most cases [19:

p. 1291.

®For economic reasons, it is current prac-

tice to scparaic storm water drainage from
sanitary scwerage because of the otherwise
excessive size of pipe for a combined system®
and the overload placed upon the scwage

treatment plant” [8: p. 181].

The AVAILABILITY of existing/proposed storm
drainage in relation to a prospective site
ia an irmportant factor in site seclection
[3: p. 45) (Sce: LOCATION).

ALTERNATIVES for stormwater collection and

disposal from a site are gencrally:

48}

[8: p.

-Connection to an existing systenm.

-Use of existing natural streams or valleys.
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The CAPACITY of existing/proposed storm
drainage adjacent/available to a site should
be adequate to carry the lcad of- the pro-
posed settlement as well as future develop-
ments {n the areas served by the system. The
greatly increased runoff from an area as it
becomes [1lly developed should not be over=
looked. If connection to a publlc.systcn is
possible, the developer should ascertain its
capacity from the appropriate local author-
ity.

not be cut off;

Natural drainage of adjacent land can-
and, excessive stormwater

may not be discharged onto adjacent land or
into any stream or public drain without de-
finite written permission from the owner or
public authority {8: pp. 45, 46, 4B]. The

development of a site may be precluded when
its prospective stora drainage is either un-

available or of inadequate capacity.

The capacity (hydraulic performance) of a
storm water collection systed to serve a
site is a functicn of FLOW and VELOCITY ([36:
pp- 14-7 - 14-12]. See SANITARY SEWERAGE.
Most wastewater disposal systems include
relatively massive structures that take a
long time to construct and arc not easy to
expand. Seclecting their capacity is not
simple [36: p. 5-2]. Sec WATER SUPPLY for
the estimates needed for capacity selection.
Storm FLOWS are the product of: [36:
p. 15-12})

~Rainfall Intensity: the rate of rainfall;
intensity usually decreases with increasiny
storm duration; the shorter the time of con-
centration (time required for F;noff to
reach and flow through sewerage), the larger
the flows [36: p. 7-121.
-Runof f-Rainfall Ratio: the percentage of
stormwater runoff that is not reduced by
evaporation, J~-oression storage, surface
wetting, and percolation; with rainfall
duration, runoff-rainfail ratios rise in-
creasing runoff flow.

~5ize of the Drainage {tributary) Area.

Because the rainfall intensity and the run-
off-rainfall ratio are variabie over time.,
storm flows reaching a given peint in the
drainage system are compounded of waters
falling within the time of concentration:
and, peak runoff normally occurs when the
entire drainage area comes into action {36:

p. 15-121.

Overland flow i- a function of th2 absorb-
tion, roughness of the drainage area sur-
face. Runcff is 100% only when drainage ar-
eas are impervious and storms last long
enough. Composite runoff-rainfall ratios
can be ccmputed from iaformation such as

the following: [36: pp. 15-13 - 15-14]

AREAL CGMPONENT RUNOFF %
Stieets: asphalt: 70 to 95%

concrete: 80 95

brick: 70 as
Drives and Walks: 75 a5
Roofs: : 75 95
Lawns: sandy soil, flat (2W): S 10

steep (7%): 15 20

heavy soil, flat (2%): 13 17
steep (7%): 25 35
The staging of developments becomes critical

in terms of storm runoff flows. Initial

atages will have lower runoff characterisi-
tica than the final stages, which will re-
quire a well developed drainage system [19:
p. 1271. Devclorment seals land surface
with roads, parking lots, roofs, etc., re-
sulting in increased stormwater runoff.
Por VELOCITY of stormwaiar flow, see SANI-

TARY SEWERAGE.

The CONCENTRATION, COMPOSITION, and CONDI-
TION of stormwater is analyzed in the same
manner as sanitary sewerage. See SANITARY

SEWERAGE.

The OWNERSHIP/CONTFOL/ADMINISTRATION of
storm drainage is usually public [19: pp.

121-124]. See WATER SUPPLY for additional

information.

PINANCING for storm drainage systems is usu-
ally arranged by the decveloper during the
devélopmcnt/construction stages and deeded
to the nunicipality when the development is

completed [19: pp. 121-124]. Sce WATER

SUPPLY for additional information.

METHOOS FNR INCFEASING THE EFFICILAZY CF WASTEWATER
SYSTLMS

A. WATFRLESS TOILET ZYSTEM: could reduce US doces=
tic water corsumption by 40% with a correaponding
reduction of scwage flow.

Promising inrovatiors in this area include: (39: p.)2]
~The Vazumitic Syster:  employs a vacuum toilet that
discharges spyroxirately 1.5% of the srwage discharg-
ed by conventicnal toalets.
=Self~containo? Toilet-incinerztor:
and discharges no gnwage,

~Closced Recirsulating System: discharges no water;
ecploys a self-crntained trcatnent systen to purify
and return all wvater used directly to supply.

usep ho water

B. S.WEFAGE ECONOMIES: {19: p. 112, 188}

~Cost of Pipe: is gernerally lowcst whon the largest
pipe with che reguired caracity is used; bLowever,
with pipes over 48", the pipe Ccost incrcaces at a
faster rate than capacity increases, making the use
of multiple sraller wains less costly.

-Ulce of Larger Fipe tham reguired at Less Grade:
allows reducticn in the trench depth; the savings in
gradirg costs is gencrally sreater than the addition-
al cost of the larger pipe.

-Reinforced Concrete Fipe: may result in 40V savings
over the construction costs of other pipes.

C. oSTORM WATER PLTENTICHN CN IMDIVICUAL LOTS: can
lower the irmedi{ate runoff flows and allow the use
of smaller pipes; runoff should be kept dispersed on
the surface as zmuch as possible before roncentrating
it into the pipe network [19: p. 112].






46, ELECTRICITY,
STREET LIGHTING,
TELEPHONE, GAS

DEPINITIONS
ELECTRICITY, STREET LIGHTING, TELEPHONE, GAS
ELECTRICITY(®) - electrification: the pro-

cess (network) for supplying (a site) with

electric power.

Although electricity is not necessary for
the sustenance of life, it has become a
vital service, supporting a wide range of
urban activities. The more urbanized an
area becomns, the more dependent it is on
electricity for: [19: p. 130-131]

-Pover: for convcnience services in each
houschold; utility services: walls, pumps,
sewer 1ift pumpa, treatment plants; etc.
-Lighting: which provides night security
and allows activitiecs o extend for a long~
er period of time, increasing the function-
ality of an area.
—Communication: through teléphone, tela-
graph, television, and radio.

~In addition, the standard of living of an
area is intimately coupled with the amount
of electricity furnished to the individual

dwellings.

*The electric utility is a monopoly in the
sense that only one utility serves a com-
munity. However, it does have to mcet com-
petition in the scnse that, for instance,
cooking, water heating, and domestic re-

frigeration can in many areas be done more

sconomically by gas.® [44: p.2].

The COMPONENTS of the clectrical network

are illustrated in the following figures:
[19: pp.132-139}

~Electrical Network Diagram (fig $ ).
-Generation Components Chart (fig ¢ ).
-Transmission Components {(fig # ).
-Transmission, Distribution Substations
Chart (fig ¥ ).

-Distributlon Network Chart (fig ¢ ).
-Distribution Components Chart (fig § ).

-Distribution Layout Chart (fig 4 ).

ELECTRICAL NETWORK COMPONENTS
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I GENERATION COMPONENTS I

i, < B < . . N
IGENCRATIONLTransmxssxon stt."stacxon Substatxon”oxst. Networkl

COMPONENT: Turbine Generation Diesel Generation
RESPONSIBILITY: provided by company
COMTROL: regional public board

CHARACTERISTICS :turbines may be en-
ergized by wvater powar
* . or stean generation
systers; steam is vro-
duced by coal, gas, oil,
or nuclear heat gener-
-tors

water motivated sys-
tems generally require
a damed water supply

SCALE OF

DEVELOPMENT: usually many cities are
served by one plant

ADVANTAGES : inexpensive production

of power

DISADVANTAGLS: renuires transmission
lines and A water stor-
age system; high first
cost

company controls

diesel systems are
generally powered
by electricity, gas
or oil motors

usually for small
systems only; mainly
a backup use in most
cases

portable system; not
dependent on fixed
power supply for
motivation

expensive means of
clectric supply

l TRANSMISSION COMPONENTS ]
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COMPONENTS: Tower and Cable Lines
FUNCTION:

for transmission

supports cables for long range transmission

RESPONSIBILITY: company installs and finances

CONRTROL: regional control

CHARACTERISTICS: towers are approximately 45 meters high, 9 to
18 meter bases; require 30 to 60 mcter ease-

nents

I DISTRIBUTION STATIONS I

kcnerationlhransmissionHDIST. STATIO lFubstatxon”Dist. Netuo:&J

COMPONLNTS : Distribution Station (transformer station)
: N .
FUNCTION: maintains power pressure and boosts transmission
distances

RESPONSIBILITY: company installs, finances and maintains
CONTROL: company control

CHARACTERISTICS:trom hdro power sources, lowers power from
230 kv to 115/69 kv

from steam pources, lowers power from 138/115 kv
to 34.5/13.2 kv

[‘7 SUBSTATION CONDONENTS !

A s ! R v 1 k
|Gcneration”?tansmissionhbxst. StatxonJSUuS.ATIOL Dist. Networ I

COMPONENTS: Substatiors
FUNCTION: furnishes power to dwellings and strect lights
RESPONSIBILITY: company finances, installs and maintains
CONTROL: controlled by company
CHARACTERISTICS:usually locat~1 as close to users a3 possible

. lowers power from 13.2/4v kv to 240077200 volts

i ities;
usually widely spaced at low dens H
spacing decreases as density incrcascs



L DISTRIBUTION NETUWORK ]

I
F;ncratioEjFransmission”bist. stacion}SubscationHDIST. NET

COMPONENT:

ZD -

Radial Layout Ring Layout Network Layout

RESPONSIBILITY: all financed, installed and maintained by com-

CONTROL:

CHARACTERISTICS:earliest system used for

ADVI NTAGES:

pany
controlled by company in all cases

combination of
large popul- ring and radial
ation centers systors; devel-
oped as result
of growth of

for layouts

used in low
density remote

areas ring and radiat
layouts

avoids dupli- allows back- allows backup

cation of up for emer- line for emer~

cables gencies gencies

DISADVANTAGES: no emergency

backup line

COMPONFN™ -

FUNCTION:

RESPONSIBILITY:

CONTROL:

DISTRIDUTION COMPONENTS

Il

Transmission
Cable

carries power
to user

.

aln .
[ i

Poles Or

Channels Transformers

supports cable converts power

provides pro- to useable

tection to voltage

lines

installed, financed and maintained by company

public policy and safety requirements dictate

control

CHARACTERISTICS:5.5 n., above

street surface
or buried under-
ground in conduits

3% o 55 m.

transformers

spacing; may be on pads,
15 to 30 cm. buried, or sus-

from curb

9 to 11 m. poles

high poies;

pended from

channels transfovmers

come in 97
by 9" scc-

may be in-
crcased if

tions; they additional

are used when power is
changes are demanded

anticipated

in underground
services:
channels are
based on 5 to
10 yecar design
pericd;
manholes are
needed for
chanrels every
150 to 210 m.;
poles are
cheaper;
channels are
used in urban
arcas where the
cables are more
subject to change

i



[ BLECTRICAL NETWORK LAYOUT l
.2
;qagtrﬁaa K
METHOD: Total Partial
Underground Underground All on Poles
CHARACTERISTICS:all lines in primary voltage primary and
. channels; uscd system of pewer sccondary
in congested on poles, sccon- voltages on
areas dary voltage poles, low
system in chan- density areas
nels; used in
residential
areas
ADVANTAGES: no interfer- lower cost than lowest cost
ence with if all under-
traffic; ground
favorable -
visual makes use of
aesthetics existing light
poles for pri-
no climatic mary voltage
problems of systen
maintenance
low mainten-
ance costs in .
gencral
DISADVANTAGES: high cost of climatic pro- climatic pro-

installation
’

blems with
cables
(sleet failures)

blers (slect
danger causes
cable failure}

relatively
high main-
tenance

The installation of electricity requires:
. 19: p. 131]

-Specialists with highly technical skills.

-Equipment which is highly sophisticated.

-Planning on a large scale/regional basis.
~safe qguards to protcct agair.st misuse
after instaliation which can be dangerous

to life and property.

Many factors ecnter into the COST of genera-
tion and distribution of electricity, the
principal ones being the effective utiliza-
tion of the equipment (capital investment)
and the cost of fuel. Because of these fac-
tors, the rates charged by utilities vary
widely. The customers arec usually classified
as residential, rural, commercial, indus-
trial, public street and highway lighting,
and other public authorities and utilities
for rate charging purgoses. Residential

and rural rates are simple energy charges,
but the other rates are usually in two
parts: a demand charge plus an encrgy

charge [44: pp. 7.8).

“The cost of electric service is dependent
on the amount of system capacity required
to serve the load (demand) as well as on
the volume (kilowatt-hours) used.® The
grcater the nunber and variety of customers,
the more efficient will be the use of the
distribution system, the cost of which is

a large factor in the cost of service. In=-
creasing the volume of business reduces tha
unit cost of the system capacity reguired.
These are some of the econonic reasons why
it is in the public interest to have only

one utility in a given &srea [44: pp. 1,2}.

G the TOTAL INVESTMENT made in electric
utility systems, half is for the distribu-
tion of electricity from the gererating
stations or a powcr substation to the cus-
tomer. It is somewhat less than half where
the digtribution is mostly open-wire over—
head and somewhat more than half where a
large part is in underground cables [44:

p. 2121.

The AVAILABILITY of existing/proposed elec-
tric service in relation to a prospective
site is an important factor in site selec-

tion [8: p. 45] (Sce: LOCATION).

The CAPACITY of existing/proposed electric
service adjacent/available to a site should
be adequate to carry the DEMAND of the pro-
posed scttlement as well as future develop-
ments in the areas scrved by the system

f44: p. 2],



variations in demand occur: {44: p. 10, 11}

-Seasonelly: summer evening peak occurs

later in the day than the winter peak; “day-
light-saving-time® usually creates a valley
between 4:00 P.M. and 9:00 P.M.; duration of

the evening peak is greatest in the winter.

-Daily: peaks on weckdays; troughs on week-
ends.
-fourly: minor peaks at noon and major peaks

in the evening: troughs in the early morning

hours.

The demand for electric energy is measured
in:

~Hatt-hours (Wh): measures the power (watt-
age) dolivered/consumed in a specified pe-
ziod of time.
-Kilowatt~hours (kWh): measures 1000 watts
of power per time. -
-Kilovolt-amperes (kVA): measures power us-
aye averaged over long periods of time such

as seasonally.

POWER is the product of:
-Voltage (V): measures the potential dif-
ference or electromotive force (emf) which
causes the current to flow in a system.
-Amnperage (amps): measures the flow of cur-

rent in a system.

The VOLTAGE for residential service in USA
is uniformly 120 V. In 1949 the Edison
Electric Institute and the National Electric
Hanufacturers Association adopted this value
as the national standard for appliance de-

sign. Abroad, voltages are usually 200 or

230 volts. This voltage difference makes
for considerable difference in the method
of distribution: [44: pp. 212, 229)
-~USA:
substation to a value of 2400 to 13,600 V.
and & second reduction is made to utiliza-
tion voltage (120 V) by means of a large

purber of small transformers rounted on

poles, or located in vaults, known as dis-

tribution transformers.®
~Abroad: fsubtransmission voltage (13,200
to 69,000 V) is brought into a kiosk or
<«ault and reduced to 230 V, and a relatively

large area is covered at 230 V.7

The induced voltage of distribution trans-
formers, of which there are many used on any
system, is proportional to the total flux
linkage and the FREQUENCY. The higher the
frequency, the smaller the cross-sectional
area (flux linkage) of the transformer core,
reducing the length of copper in the coils
[44: p. 97].

FREQUENCIES commonly used are: [44: p. 97]
-60 cycles per sec (cps): US standard fre-
quency.
-50 cps: standard frequency in most other
countries.
-40 cps: used in some areas of Maine, New
York, and South Carolina.

~30 cps: used in some areas of Colorado,
Michigan, and torth Carolina; and some dir-
ect current in the older districts of civies

such as New York, Chicago, and Boston.

"voltage is reduced in a distribucipni

=25 cps:  used for electric railway supply.
STANDARD OF SERVICE, from the viewpoint of
system operation, is determined chiefly by
tho following: [44: pp. 2-3]
A. RELIASILITY of service.
B. QUALITY of service.

C. ECONOMY of production.

STANDARD OF SERVICE [44: p. 2-3]

A. C“RELTADILITY of service irplies ability to
surply electric errrgy to all custorers whenever
they dermand it and in such quantities as may be
required. Such reliability is ccasured by the
nunber of custorers affected. It is Cependent on
sound design and ccrpetent operation.

B. “QUALITY of service {s indicated by the degrea
of attairrent of stardard voltage and frequency in
the supply of electric energy. The design of the
tranmmission and distritution systems detercines
how close to the standard the personnel can cain-
tain voltage and frejuency., Even competent per-
onnel cannet maintain the standacd if the systes
is poorly laid out.

C. "PConofY of production is affected through
proper load division armong the various stations

on the system and among the equlpoent in each
station.®

The OWNERSHIP/CONTROL of electricity gcﬁer-
ation, gransmission, and/or distribution can
be: [45: p. 6-9]
-Investor-owned: serving generally pre-
scribed areas under territorial franchises
granted by state or local government agen-
cies.

-Public (non-federal): organized mostly as
municiple or state “authorities®.
-Cooperative: organized as distributors,
mostly in rural areas in USA, purchasing
their power from federal or investor-owned

systems.

-Industrial: producing power for their own
use and permitted by statc/local authorities
to sell excess power to the public (in
France, many Asian nations, etc.} [46: p.
20].

-Public (federal): organized to install and
operate power generation, transmission, and
distribution on a regional basis, i.e.:
Tennessce Valley Authority (USA)}: Bonneville
Power Administration (USA); Southeastern
Power Administration (USA); Southwestern
Power Administration (USA}; Power Ministry 2
(United Kingdom); Electricite Je France

(France).

FINANCING ¢n electricity supply system can

be accomplished by: [46: pp. 19-24]
-Direct Taxation: saeldom safficient by it-
self for the large amounts of capital nceded”’
for power facilities.
-Long-term Revenue Bonds: usually issued by
municipalities who depend largely on this
method for all the:r capital.

-Free Market Investment: usually practiced
by private business enterprises; this is a
voluntary investment of private (or public

as in Japan) capital.

The source =¢ REVENUE for electric service

comer Zrom the sale of kilowatt-hours of en-
ergy to consumers at-rates based on their

demand peaks {covering cost of equipment in-
stalled to meet the demand) and on the ener-
gy actually consumed (covering operating and
fuel costsj. The money that these rates
bring to the utility is intended -to cover

all costs plus a fair return on the invest-

ment [44: p. B).



THE ENERGY SITUATIOXN [49: p. 53-58])

"The energy situation is uncertein and com-
plex, but it can be summarized as follows:
We are not yet running out of energy, but we
are being forced to use the resources that
produce it faster than is probably healthy.
Our supplies of fossil fuels - coal, petro-
leum, and natural gas - are finite and will
probably be consumed within a few hundred
years, possibly nuch sooner.

®We are livirg beyond our means, ‘'spending
our canital,® depleting what are éssentially
nonrenewable resources. Furthermore, some
crganic chemists consider the burning of
fosgil fuels for energy production to be one
of the least desirable uses for these large
polecules. Petroleum and coal have many

other uses in areas ‘as diverse as lubrica-

tion and the production of plastics.

"The world‘'s potential production of hydro-
electric powsr is roughly equivalent to the
amount of power now procduced by fossil fu-
alis. There are, however, serious problems
in utilizing it to the utmost. Huch of the
potential lies in underdeveloped countries

(UDC), vhere the powcr could not be used un-

less those countries become industrialized,
and global ecological factors and shortages
of resources will prevent industrialization
in most of them. Furghrrmorc, hydroclec:ric'
power depends on dams, which under present
conditions of technology are temporary
structures. In a few hundred yecars, some-
times much less, thelr reservoirs fill with
8ilt and becores useles< . Finally, there is
an aesthetic guestion. Do we wish to im-
pound and control all of the wild rivers of

the earth?

"For many years men have spcculated about
tha sun as a source of non-depletable power,
but large-scale utilization of solar energy
presents serious technological problems, es-
pecially in a crowded world. Sunlight must
be gathered over large arcas; the crollecting
device for an clectric generating plant with
a cnpac$ty of 1,000 megwatis (rnough puwer
to supply clectricity to a city of perhaps
1.5 million people) would have to cover an

area of about 16 square miles.

"Tidal pcwver, also the subject of some spec-
ulation, does not have more than a minute
fraction of the potential of wate:r power,
and will presumably never be of more than

local importance.”

The power potential of the heat of the
earth's core {(geothermal energy) may, accord-
ing to the most optimistic sources, pro-

duce as much as one-half of America's elec-

trical power by the end of this century.

®Many people who are aware of the approach-
ing end of our fossil fuel resources assume
that uraniun-based nuclear power will soon
simply replace the fossil fuels.”™ There is
a widely held misconception that nuclear
puwer is cheap. “The larjest nuclear gene-
rating stations now in operation are, even
with their massive hidden subsidies, just
competitive with or marginally superior to
modern coal-fired plants of comparable size
(in areas where coal is not scarce).

Smaller nuclear plants are less cconcmical
than small plants that operate on fossil fu-
els. In this connection it ig important to
wate that UDCs rarely can ise the outputs of
large power plants. There are simply not
enough industries, ligktbulbs, appliances,
neon signs, etectric trains, buses, street-
cars, and so on to utilize that much elec-
tricity. Significantly, the cost of the
mndernization and industrialization reguired
to utilize the electrical power exceeds the
cost of the power itsclf by several magni-
tudes. All things considered, only those
UDCs that are row short of fossil fuels or
have problems in transporting them would
have recason to chocse nuclear power.
"luclear energy, then, is a panacea neither
for the la2veloped countries nor the under-
developed countries. It may relieve, but
not remove, the pressure on fossil fuel
supplies, and may provide reasonably priced
power in certain parts of the world where

these fuels are not abundant.

"A second common misconception about nuclear
power is that it can reduce our dependence
upon fossil fuels to zero as soon as that
becores necessary or desirable. In fact,
nuclear power plants produce only electrical
encrgy; and electrical energy constituted
only 19 percent of the total energy consumed
in the United States in 1960. Thus the
length of time that nuclear fuels can post-
pone the exihaustion of our coal and oil de-
pends on how much the use of electrical en-
ergy can be increased.® This will require
a conversion to electric or fuel-cell-jpower
for transportation, electrlc hecating, as
well as electrically powered industries.

All such conversions will take time and will

bo extremely expensive.

*It is clear that mankind, if it survives
{or another century or so, will witness
drastic changes in the use cf energy sour-
ces. It does not appear, however, that
availability ~7 energy itszlf will place a
limit on population growtlh, although diffi-
culties accorpanying the transition from one
source to another might well do-so. The ul-
timate limits to the use of encrgy (assuming
radioactive pcllution and othet'safety pro=
blema associated with nuclear energy can be
solved) co.—.;e not from its shortage, but from

the pi.wblem of dissipating the heat to which

all useful energy is ultimately degraded.®



47, STREET LIGHTING

DEPINITIONS

STREET LIGHTING(®*) - a service for urban
street illumination to improve vision at

night.

The local supplier of electricity will, in
virtually all cases, directly or indirectly
supply the electricity for street lighting
(47: p. 186).

The OBJECTIVES of street lighting, listed
approximately in the order of chronological
development, might be classified as: (47:

pp. 1-2] P

=Crime ReZuction: there are fewer crimes
committed under bright street lights than
under dim, inadequate lights.

~Extenaion of Activity: wurban activity is
extended, espccially in commercial areas,
through street lighting.

~Traffic Safety: 4improved lighting reduces

night accidents.

The practical objective in street lighting
is to enhance the visibility of objects/
thirgs to be seen. Visibility can be anal-

yzed according to the following factors:

[47: p. 57}

-5ize: of the object or its critical de-
tail.

-Contrast: between the object and its back-
round.

-Brightness: 1light reflected froam the ob-

jeéi to the eye.

~Time: available for seeing; speed ot vi-
sion which becomes important when object or

ocbserver is in motion.

The COST of providing street lighting is
composed of capital costs, operating costs,
and clectricity costs. The largest of these
is the capital cost or that which is invest-
ed in physical plant: lamps/luninaires,
poles, wires, etc. To keep lighting costs
to a minimum, efficient luminaires should be
used at wide spacings and high mounting

heights [47: pp. 69, 186].

Street lighting LEVEL is measured by foot-
candles. The minimum levels recomnended by
the Amecrican Standards Association (ASA) for
public safety are: [47: 69,

pP- 85]

-0.9 to 2.0 footcandles: dcnsely developed
commercial/industrial areas.

-0.6 to 1.2 footcandles: moderate/low den-
sity commercial/industrial areas.

-0.2 to 0.9 footcandles: residential with/
without commercial areas.

~1.4 footcandles:

urban expressways.

-1.0 footcandles: rural €xXpressways.

-2.C footcandles: urban expressway inter-
changes.
rural

~l.4 footcandles: expressway inter-

changes.

Street light SPACING should not exceed 6

times the MOUNTING HEIGHT: l.e.: foz 7
meter mounting height, the spacing should

not exceed 42 meters [47: p. 94].

Minimum MOUNTING :EIGHT, according to the
ASA, is 6 meters; and, the majority of lamps
roquire a mounting height of 7.5 meters or
more. *"Higher mounted units will provice

greater areal coverage, xore uniformity, re-

duction of glare, but a lower footcandle
level. It is necessary to weigh the ecffects
of installing larger larps against a greater
nurber of smaller units at lower mounting -
heights, and with maximum glare potential.
Generally, units shculd be mounted ar high

as possible and larp

size selected to giva

the required average footcandles®™ ([47:

pp. 93-94].

Strect lights can be configured in the fol-
lowing ARRANGEMENTS: [47: p. 761
-One-side of street: results in a nonuni-
form brightness pattern, which is more pro-
nounced as road width increases: lighted
gide will be brighter than nonlighted side.
-Staggered/Oppositc sides of sireet: re-
sults in a uniform brightness pattern equal
on both sides of the road, making this the
most preferred arrangement.
-Mounted over Center of strecet: results in
a brightness pattern which is equal on bkoth
lanes of travel and can be unifcrm on narrow

strects vhereAcloscly spaced.

In practice, center mounted lamps are com-
monly installed with long spacings of 60 to
90 meters in residential areas even though

the brightness pattern is spotty [47: p. 771.

Situations requirinj special consideration
of spacing, mounting, lighting levels, etc.
are: {47: pp. 91-92]
-Ob}txuctions, trces: field inspection will

dotermine where sach light can be most ef-

fectively mounted.

-Hills, curves: steep grades may require
that lights be tilted slightly for uniformi-
ty of distribution: short radius curves may
require that lights bhe placed on the outside -
of the curve; shortened spacinglmay be
necessary where lights must be placed on the
inside of a curve.

-Grade lntétscctions: where two traffic
strects intersect, the lighting level should
be Couble that of either street; at "T° in-
tersections, the lighting should be located
opposite tha entrance of the intersecting
street, gntcnsifying the silhouctte of any-
one entering the intersection.

-Interchanges: at ramps, overpasses where
there is grade sepuration, lights may have

to be specially arranged to prevent glare on
adjacent roadways; where roadways themselves
are not illumirated, the approaches to inter-
changes should be lighted at gradually in-
creasing levels to avoid impaired vision due
to abrupt brightness change at interchanges.
-Underpassc=+ short underpasses such as un=
der city strests/railroads, can usually be
lighted with normal street lights placed so
that resultant lighting level is the same as
for the street itself; for long underpasses
where normal streetlamps cannot provide ade-
quate lighting levels, tunnel illumination
should be used.

-Turnels: daytime lighting requires 100
footcandles at tunnel entrances taprered
within the distance to be traveled in thae
first 15 seconds at normal speed to 5-10
footcandles, normal tunnel lighting level;
nighttime lighting should be tappered to S0%

of pormal tunnel level for 200 meters at

tunnel exists,



The OWNERSHIP, INSTALLATION, OPERATION of

street lighting can be by: [47: p. 1861
-Local Supplier of Electricity: which most

often furnishes this service, may be paid by -
a municipality on a filed flat monthly rate

or on a special renewable contxact. See
ELECTRICITY - OWNERSHIP/CONTROL.
~Municipality/Other Public Body:
sometimes owns ani maintains its own equip-
ment, and may employ the local electricity
supplier/contractor to undertake the opera-
tion of thé system where it is unable to do

80 itself.

PINAMCING the capital, operating, ard elec-
tricity costs of strect lighting can be ac-
complished by: [47: p. 186]
~Investment: by the local aupplicr of elec-
tricitv which adds street lighting to its
ut!ility plant like any other equipment it
installs in the regular course of business.
-100% Assessment: levied on the benefited
..property owners usually by a municipality.

-General Obligation/Special Bonds: issued
by a municipality with a speclal sinking
fund to retire the issue in a specific term
of ycars.
-Contributions: made by a business communi-
ty to a ounicipality for the purpose of

lighting a particular commercial area.

48, TELEPHONE

DEFINITIONS
TELCPHONE (*) - an electrical communication
network incerconneccting all subscribing in-

dividuals and transmitting over wires.

The COMPONENTS of the telephone network are:
f19: p. 141}

~Area Switching Centers: toll centers, pri-
mary centers, sectional centers, regional
centers.
~Trunk Lines: long distance transmission.
-7entral Office: switchboards: controls
35,000 customers and 2,000 trunk lines; de-
sign period is 15 to 29 years.

-Short Trensmission Lines: serving each
subscriber.

=Individual Telephones

The OIERATION of the telephone network is
dependant on: [19: p. 141}
-Switching: from unit to desired unit;
ucrturs at the central office with local
calls; may go from primary to sectional to
regional centers with lcng distance calls.
-Transmission: of sound in a manner which
is adequate for hearing.

ALTERNATIVES for transmission in a telephone
network include utilization of: {(19: p. 141)
-Telephone Company Power: generating its
own direct current, transmitting over its
own lines, and using backup systems of bat-
teries to provide for breakdowns; this type

of telephone system is usually available for

emergency use during failures of the regular
electrical power services.

~Electric Power System: which can be used

for telephone transmission through the dev-
slopment of carrier systems; with this sys-

tem, telephone company installs less cable

with low result-=nt installation costs.

The ARRANGEMENT of cibles are usually: [19:
p. 142]
-tnderground in Ducts: 1in dense urban ar-

eas.

~Overhcad/Aerial on Poles: in low density
areas at less cost than in underground
ducts.

-Buried Cable wWithout Ducts: for long dis-
taice trunk lines, since they are not sub-

-
ject to frequent change.

The OWNERSH1P/CONTROL of telcphone nctworks
i3 usuvally by a semi-private company under
limited public law control. All components

are provided by the compcay [19: p. 141].



49, cas

DEFINITIONS

GAS(®) - a system for supplying natural gae,
manufactured gas, or liquefied petroleum gas

to a site and individual users.

The PURPOSE of the gas notwork is to provide
energy for cooking, water heating, Toom/
central heating, refrigeration, air con-
ditioning, atc. Gas energy is competitive
with electricity in performing these func-

tions where gas is available [44: p. 2].

The COMPONEJTS of the gas network are illus-
trated in the following figures: [43: pp.
13-80]}

-Gas Network bDiagram (fig # ).
~Collection Methods Chart (fig ¢ ).
-Transportation Mcthods Chart (fig ).

v

-Storage Methods Chart (fig § ).

=Distribution Methods Chart (tig'l Y.

COLLECTION
" wet-gsealed dry hLolder
holder
I
STORAGE

TRANSPORTATION

STORAGE

DISTRIBUTION

infrastructure

GAS NETWORK DIAGRAM

underground
storage

high-pressure holder/

piping systems

=
!

> fo

bottles

METHOD:

RESPONSIBILITY:

CONTROL:

CHARACTERISTICS:

SCALE OF
DEVELOPMENRT:

ADVANTAGES:

DISADVANTAGES:

METHODS 3

RESPONSIBILITY:

CONTROL:

CHARACTERISTICS:

ADVANTAGES ¢

DISADVANTAGES:

GAS COLLECTION METHODS
Aanufacturerl [43:pp.15-34) drilled [43:pp.35-50]

private industry and/er public induutry‘
regional, national public boazds/cormissihns

found in earth's
crust many times
with oil

mode as by-product in manu-
facture of coke (carbonizaticn);:
or, made through completec gasi-
fication of coal/oil

carbonization, gasification
once practiced locally now
consolidated to serve national/
regional markeis (Europe)

practiced tc serve
national markets
where resources are
plentifui (US, USSR)

makcs use of the gaseons by-
product of coke manufacture

cheap gas once
drilling is complete

gasification is expensive
relative to drilling

natural reserves are
not available to all
areas

LOW-PRESSURE GAS STORAGE METHODS
{43:pp.51=-55]}

water-sealed holder dry holder

public/private utility
public board control

large fixed shells
confining gas becneatn
a giant pisten which
rises/falls v ..h gas
volume; locate: at gas
manufactory

telescoping tanks
scaled by water filled
ch~anels; located at
oas manufactory

exterior appearance,
while very large, not
as unsightly as water-
sealed holders

cannot explode be-
cause no air exists
within the’ shell

moving parts are vulnerable to lecaks

costly to construct,
unsightly, unsuitable
for high pressures,
vulnerable to frost

can explode 1f gas
leaks into air filled
chamber above the pis-~
ton

very large dimensions, cannot be concdaled



METHODS :
RESPONSIBILITY:

CONTROL:

CHARACTERISTICS:

SCALE OF
OPERATION:

ADVANTAGES:

DISADVANTAGES :

pipeline [43: pp.61-65]

private company/public central authority

regional/national public boards/co . .ssions

high pressure lines with
weided joints inspected
by x-ray; tested, pro-
tected by wragping to
prevent leakage

gas is piped farther
than 2000 miles at
pressures of 60 to 100
atmoshpheres, requiring
relatively thin wall
pipes and low pumping
costs; higher pressures
reguire stronger more
costly piping, pumping
systems

best method for short
distance transportation
over land

long distance trans-
portation only practical
when points of supply
and delivery are firmly/
unchangably established

large capital expedituve
required to bury piping
which can be used for the
established ronte only

international transgorta-
tion endangered with
deterioration of poli~
tical relationships.

GAS TRANSPORTATION METHODS

3 METHODS ¢
tanker [43: pp.71-80}
RESPONSIBILITY:
CONTROL:
transport liguefied gas
over lcag distances
CHARACTERISTICS ¢
Met.ane, Propane, Butane
can be liguefied by pres-
sure at room temperature;
norraily,., methane is
trsisprried at -162°C,
re. siring »juipment made
of “.rvy sp-cial materials,
ADVANTAGES:
flexible, cconomical
method for long distance
transportation
methane requires extreme-
ly cold temperatures DISADVANTAGES:
nccessitating use »f
special alloys and herm-
etically scaled insula-
tion in the tanks on
board ship, pipes running
along jetties and tanks
on land
extrene precautions must
be taken to prevent ex- METHOD:
plosion dangers.
. RESPONSIBILITY:
CONTROL:
CHARACTERISTICS:
SCALE OF
DEVELOPMENTS :
ADVANTAGES:
DISADVANTAGES:

BIGR-PRESSURE GAS STORAGE MZTHODS
{43:pp.55-61]

underground high-pressure holder transportation

piping
public/private utility

public board control
oversized pipe-

storagz in cormenly horizontal

exhausted eylinders with domed lines can be us-

gas fields: ends: gas is com- ed to store gas

limestone pressed into thenm at hlqh_ptcs-

aquifers and removed by simple surcs with
expansion considerable

used for R volume

storage for used for storage at

distribu- distribution end of

tion on a network

regional

scale

ro moving parts; easy to conceal; relatively
cheap to build .

great leakage potential

GAS DISTRIBUTION METHODS

infrastructure (43:pp.65-67" bottle ([43:pp.13,45-46}
private/oublic utility companies install and maintain
all comjonents.

public control board/commission

small diameter, low pres-
surc mains, scrvice pipes;
pressure regulating de-
vices located as necded;
1/53 to 1/10 atrosphere
Pressurc range; rmeters
located at each customer
(lot)

liquifiable gas-(butane/
proepane) stored in
liquid form at room
termperature in light
stcel cyclinders,

which are periodically
trucked to users.

primarily rural/arecas
rerote from infra-
structure

mains, service pipes in-
stalled in urban strect
rights-of-ways

ready encrgy source com-

portable, flexible
petitive with electricity
-

source of gas supply

expensive to install; not

unsightly bottles
flexibla



The AVAILABILITY of existing/p20posed‘gns
service in relation to a prospective rite is
a factor to be considered in site seleétion;
but, even if the in!zastzuctﬁze is noﬁ\
avaftable, gas may be supplied in bottlﬁ: at
‘reasonable cost. See LOCATIOK.

The CAPACITY of existing/proposed gas ser-
vice adjacent/available to a site should be
adequate to carry the DEMAND of the progosed
settlement as well as future developments in

the areas served by the system [8: p. 45].

The capacity of a gas distribution system to
serve a site is a function of: [43: pp.
61-62]

~VOLUME {rate of flow) of gas it conveys to ~
the site.

~PRESSURE of the gas in the system at.the

site.

variationgs in the VOLUME of gas demanded
occur: [43: pp. 51-58]

-Seasonally: peaks in winter; troughs in
summer. '
-Daily: peaks on weexdays: troughs on week-

ends.

Volume of gas demanded/consumed is measured
in:

~Cubic feet {cu ft); cubic centimeters (cu
cm): common measure for billing purposes.
-Cubic feet per minute {(cu ft/min); cubic
centimeters per minuter measure of rate of

gas flow in pipes.

The PRESSURE of gas in a system is propor-
tional to the square of the volume (rate of

flow). For example: a pressure change fronm

4 inches of water to 16 inches is necessary
to double the rate of flow in a given pipe

[43: p. 62].

Gas pressure is measured in: [43: pp. 56-58]

~Inches of water; centimeters of water:
used in meaturing the lowest pressures such
as those in domestic service pipes.

~Inches of mnercury; centimeters of mercury:
used in measuring slightly higher pressures

rach as those in industrial service pipes.

-Pounds per square inch (psi): kilograms per

square cencimeter (kg/sq cm): used in meas-

uring the highest pressures such as those

in transportation piping/high pressure hold-"

ers.
-Atmoshpheres: used in mrasuring the highest
pressures also; a ratio of the pressura in
tha system to the atmospheric pressure.
Pressures commonly used are: [43: pp. 55,
57, 59, 63, 66]

-5 to 8 inches of water: for ordinary do-
mestic supply.

=30 to 40 inches of water: for medium-pres-
surec mains which are sometimes used to dis-
tribute gas to low-pressurc mains, service
pipes.

=50 to 100 atmospheres: in long distance
pipelines and high-pressure hoiders; gas has
been injected into porous underground sand-

stone storage arecas at 40 atmospheres.

- low pumping costs.

The COSTS of installing and operating a gas
piping system are lowest when large diameter
pipes are used at relatively low pressures,
involving relatively thin walled pipe and

An equal volurwe of gas
can be transported in smaller diameter pipes
at a high pressure by using thicker/stronger
pipes at higher pumping cost3 [43: pp. 63~
64].

The QUALITY/CONDI "ION of a gas network

should be checcked to instre public safety.
0ld, poorly maintaincd pipes are subject to
major leakage problems which can saturate an”
area and cause violent catastrophes [19:

p. 143}. Mechanically joined cast iron pipe
of the spigot-and-socket type is most com-
mon in distribution mains, neccessitating low
pressurcs. While steel is the traditional
service pipe material, they are now often
wade from rigid polyvinyl chloride (PVC).
Tnie material is easy to install and is free
from the soil corrosion that rusts cast

iron/steel [42: p. 66].

The OWNERSHIP/ORGANIZATION of gas collec~
tion, transportation, storage, and/or dis-
tribution can be: [43: pp. 91-108]
-Public (regional/national): eadministrating
the operation of intcrconn;cted regional
networks and networks crossing state bound-
aries.

-Public (municipal/local): organized pri-
marily as local distributors.

~Private Company: serving areas granted to
them by a public utility agency through a
franchise; their operation is controlled

quite firmly by public agencies.

PINANCING a gas supply system can be accon-
plished by: (43: pp- 91-108}

~Federal Grants: 4issued fox construction of
petworks in communities where they might not
be an economic propesition in USA; only
meana of finance in France, Great Britain,
USSR, etc.

-private Investment: usually practiced in
the sense that capital is subscribed by in-
dividuals who may receive dividends in re-
turn, but operationc (profits) are firmly

controlled by ﬁublic agency.






50, REFUSE COLLECTION

REFUSE COLLECTION

*"The word waste refers to the useless, un-
wanted, or discarded materials resulting
from normal commur.ity activitics. Wastes

include solids, liquids, and gases. Atros-
pheric wastes consist of particulate matter,
such as dust and smoke, fumes, and jascs.
Liquid wastes consist mainly of sewage and
industrial wastewaters, including both dis-
solved and suspended matter. Solid wastes
are cla:sca as REFUSE. The physical state
of wastes may change in *heir conveyance or
treatment., Dewatered sludge from wastewater
treatment plants may become sclid wastes:
garbage may be ground and discharged into
sewers becoming water-borne wastes; and fly
ash may be removed from stack discharges and
disposed of as solid or as water-borne

wastes."

®"REFUSE ccmprises all of the solid wastes of
the community. It also includes semi-liquid
or wet wastes with insufficient moisture and
other liquid contents to be free-flowing”

{42: pp. 13-14].

The informatic. included here is rather sum-
marized and should ba used only for refer-

ence, ranges, or to clarify criteria.
DEFINITIONS
REFUSE COLLECTION(*)} - the service for col-~

ledtion and disposal of all the solid wastes

from a community.

The PRIMARY PURPOSE of the refuse collection
service is the sanitary removal and disposal
of the solid wastes, especially garbage, to
assure proper control of diseases such as -

typhoid, plague, dysentary, cholera, etc.
[41: p. 38].

"Consumer refuse will continue te be a major
problem of urban areas. With a rising pop-
ulation, an increase of refuse production
per capita, and increasingly inadeguate
means of rérusc disposal, new disposal sol-

utions and better utilization of current

methods are needed.

“The amount of waste generated is generally
too great to insure individual disposal in a
desirable manner; consequently, urban arecas
usually provide the service of removal and

final disposal.

"The increased population with its increased
refuse production results in greater dangers
of ground pollution. Great care must be ex-
ercised in the placement of the disposal ar-
eas to insure the proper respect for econo-
mic as wcll as environmnental costs” [19:

p. 145},

®The problem of pollution’ from solid wastes
can take several forms; grocs or surface

pollution, and poliution of subsoil, water
and airt In reviewing these problems, it
was found that they were especially impor-
tant in the fringe areas of nany metropol-

itan areas of Eastern and Western Pacific

regions, Africa, and Latin America, because

of a shortage of basic sanitary facilities®

{41: p. 39].

The component REFUSE MATERIALS can be clas- -~
sified in several different ways. Sometimes
they are classificd by point of origin (do-
mestic,

industrial, institutional, cemmer-

cial, industrial, ocgricultural or strect
sources); and, other times they are classi-
fied as organic or inorganic, putrescible or
nonputrescible, combustible or noncombus-
tible. Onc of the most uscful classifica-
tions is basecd on the character of the mat-
erialas: [42: pp. 14-22)
-Garbage: waates from preparation, cookiny,
serving food.

=Rubbish: combustible: paper, cardboard,
wood, plastics, rags, cloth, leather, grass,
leaves, etc.; noncombustible: metals, cans,
soil, stones, bricks, glass, etc.

~Ashes: residue from fires used for cooking
or heating.
-Bulky Wastes: large auto parts, tires,
large appliances, furniture, trees, stumps,
branches, etc.; require special collection
arrangerents, vehicles.
-Strect Refuse: street sweepings, leaves,
catch basin dirt, contents of litter recep-
tacles.

-Dead Animals: from cats, dogs to horses,

cows; require special arrangements.

~Abandoned Vehicles: autos, trucka; re-
quire special equipment.
~Construction, Demolition Wastes: lumber,

roofing, rubble, conduit, wire, insulation,

atc.; require special collections.

~Industrial Wastes: residues of {-.dustrial
processes/manufacturing operations: its re-
moval should be the respensibility of the
industry.

-Special Wastes: hazardous: pathological
wastes, explosives, radioactive materials;
security wastes: confidential docurents,
negotiable papers, etc.; require very spe-
cial handling and disposai.
~Animal, Agricultural Wastes: manures, crop
wastes; collected only when aericultural ar-
eas are engulfed by urban growth.

-Sewage Treatment Residues: course acreen-

ings, grit, sludge, etc.
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REFUSE DISPOSAL NETWORK l

l PREPARATION OF REFUSé]

separation of r.fuse by
each dwclling

| storace ]

concentration of
refuse till pick-

up

L POINT OF PICK-UP 1
collection of recfuse

L TRANSPORTATION —I

movement of refuse
for disposal site

I DISPOSAL

final removal of
waste

e Iy

disposal at sea

Combincd\ /

Cans
Bags
vaults

mrbside—) (

Separated

COMPONENT :

PREPARATION OF REFUSE AJ

N

Combined

Ll K

Separate

RESPONSIBILITY: individuals of ecach dwelling prepare refuse

CONTROL:

Direct @g—>1‘ranster
L

.#5s incineration

e

composting
salvage & reclaimation

hog feeding
grinding

The COMPONENTS of the refuse collection ser-

"vice are {llustrated in the following fig-

ures: ([19: pp. 146-151])

-Refuse Disposal Dlagram (fig § ).
-Collection Types Chart (fig # ).
~Storage Methods Chart (Lig - ).

=Pick-up Point Alternatives Chart (fig 1 ).

=Transportation. Methoda Chart
=Disposal Methuds Chart

(fig #

(fig ¢ ).

).

Lty

INDIVTDUAL

-_— USE EXAMPLE:
dump ADVANTAGES :

open

incineration

garbage disposal
hog feeding

public law dectermines process required

“HARACTERISTICS:all typos of refuse are

in onec lot; garbage,
rutbish, arhes, street
refuse, and industrial
wastes

becoming more favorable
than scparate systonms.
in most urban arcas

most practical,
simple for homeownes

most economical for
pickup

the garbage is sevar-
ated from the rubb-
ish and ashns

this method is essen-
tial if hog feerding
is a major form of
disposal

bottles, cans must be
washed to remove food
particles

BOSTON (U.S.)

allows the use of
selective disposal
methods; salvage, hog
fcoding. etc.

good where individual
garbaje disposals are
used and iefuse al-
ready scparated

more effort on part
of home owner

requires two pickup
times and two pickup
vehicles; higher cost

requires two disposal
methods



METHOD:

PUNCTION:

METAL CANS

mainly for rubbish,

also for garbag=

PLASTIC CANS

BAGS

mainly for garbage mainly for gar-

bage

RESPONSIBILITY: individual provides in most case: in rare situations
th~ city «ill provide to prcrote standardization

CONTROL:

public law controls methocs and procedures 11 all cases

" INDIVIDUAL VAULTS

for rubbish

individual

mmantAr AR ARRaes

COMIMUNAL VAULTS

for rubbish

developer or
Aisposal firm

CHARACTERISTICS :must have 1id to prevent odor and flics highly sanitary
from panctration; must be waterproaf and easy to handle
lightweight; must be easy to clean: must no need to

be within size what one man can carry, return

usually 75 to 100 pounds; must cantrol
rubbish to prevent sprcad

usually constructed
of trick or con-
crete

retal construction
. refuse durped
directly into truck
or hauled in com
tainer to ’
disposal

requires shoveling
of refuse into
truck; a slew and
costly operation

scre cities re-
quire plastic
usually required b. 3 for qarbage
by city for its
strength and dur-
ability

ligher than metal;
will nct russ: paper bags are
used fnr rub-
Lish

usually garbage is disposcd into them also
resulting in objrctirnal odors and difficulty
an keep them clean; ‘rcezing weathaer pre-
vents adequate dumpiig; the danger of

fires in vaults is a continual <canjer

tends to crack in
must be kept off cold weather
ground to prevent
rusting; life is
2-3 years

use is very ef-
ficient but tha
cost is high

rodents may chew
through walls usually difficult
to keep surrounding
area clean

difficult to keep
surrounding area
allows reduct- clean
jon in pickup
crews

if underground, in-
vites problems of
freezing and water
infiltration; but
cannot be tipped
and it is con-
cealed

susceptable to
fire

located {n alleys
generally

located in special
arecas concealed
not widely used from buiidings
in the US
holds ‘olures up
to 15 cu.yards
55 gallon drums not
recommended

SCALE OF USE:

each dwelling cach dwelling each dwelling each dwelling multifamily houllhq

EXAMPLE OP USE: boston,
rubbish

for Boston requires
plastic bags

for garbage



l

POINT OF PICKUP J

1k H‘D[

METHOD:

RESPONSIBILITY: owner must move to curb

CONTROL:

CURDSIDE

or alley

public law determines

YARD .

pickup men must mcve
to truck

public law or added
payments by owner
provide scrv;ce

CHARACTERISTICS:rcfuse contained in cans garbage men pick up

EXAMPLE OF USE:

ADVANTAGES :

DISADVANTAGES:

or other enclosure to
prevent scattering

Boston (U.S.)

lower cost %o city

less convenient to
owner -

litters streets with
overturned refuse con-
tainers

refuse container from

door stcp and trans-—
port o truck; some-=
times container re-

turned to yard as part

of the service

convenient to owner

allows neater street;

easier and less
strect maintenance

higher cost to city
if not borne by
added payments of
owner

METHOD:

I TRANSPORTATION AJ

DIRECT TRUCK PICKUP TRANSFER PICK-

uP METHOL

RESPONSIBILITY: City or private contractor provides service

CONTROL:

city policy scts service requirements

CHARACTERISTICS:Pick-up vehicle must be odor free, water tight,

clean and psychologically cbstruse; lcading
heignt is the most critical factor for ecffic-
ient use; size, height ard width of vehicle
determined by road parareter: vehicles usually
also used for snow removal and other services.

In this method
the trucks are
enotied into a
largor transfer

Ooen Top Enclesed
ow Cust; Sane Js

in most open but van holding 10-
cities; no odor saves man- 20 snmall truck
capacity or litux=- hours; loads

of 10-20 ing by aliows

vds; may wind:; larqe system allows
be used limited capacity savings in run-
for odd in size without ninG ti‘e to
refuse:; of re- exceoding dispesal area
refuse fuse strent

blows capacity parameters largest savings
away 1s possible if
easily; disposal area
ocqor is 10 niles
common distant

The trucks arce crptied directly
into disposal arca.

Frequency of pichup is reclated to tempecrature
and weather; the hotter the weather, the nore
frequent the pickup requirements; twice a
week in warm climates to once a week in cold
are common; once every two wacks in small
cities: if garbage is separated from rubblish,
it does not require as freguent pickups in
hot climates



METHOD:
FUNCTION:

OPEN DUMPS CLOSED DUMPS
all refuse into pits or all refuse buried into margin
cn land sites al land

RESPONSIBILITY: city or private contract company provides service

CONTROL:

city policies and health codes

CHARACTERISTICS:located in unwanted areas such as quarries, and marsh

LOCATION:

SCALE OF
DEVELDPMENT:

ADVANTAGES:

DISADVANTAGE!

S

lands; on inexpensive land: articfical trenches may ba
dug if no depressions avaiiable

must be located in areas not subject to floodinc and
with proper drainage; geological conditions important
to prevent contamination of the water table

requires two foot dirt cover
per day

downwind,frcm residential areas; within 10 miles of
city; in industrial arcas; »n marginal land

small communities medium to high denisty areas
412 pcople/ac.foot of dump 1,430 pcople/ac.foot of dump

requires only one collection trip per areca

low cost, no machines,

no supervision,simple zeclaims marginal land; no
odor, no health hazard

allows explosive methane

gas to escape allows S0V reduction in vol.

uses large amounts of land may pollute water supply
difficult to rcuse

high cost, requires special
spreads odor holds water, iachines, enits explosive
fly danger, eyesorc, may methane gas which nust bSe

pollute water supply vented; scttles 10-25% with-
ruins future land usc in 6 months; 2 yrs befora
.fire hazard light load support; does not

allow basanments

[

DISPOSAL I

INCINERATION

combustion of all refuse

voluné reduced .S to 20%;
eliminates moisture and gases:

requires 1,250-1,800 P temper-
ature, multiple burners rcduce
pollution by better combustion

DISPOSAL IN LAKES,OCEAN

dumping of all waste into
available water course

barges are used to deposit
refuse in water

individual incincrat:ions illegal

in most cities

taxes pay for system; 3,000-4,000

dollars per ton initial cost;
$4-6 per ton operating cost

in industrial areas; wind not
a factor

large, high density urban areas
2,080 people/ac.foot of space

convenient location, little necd no land requied for dumps

for land; not affected by
weather, flexible operation

bottles ard rectals may be sold

hcat may be utilitized if on
large scale {Chicago)

hiah cost, fkilled labor, high
miuintenance costs; ashes must
still be removed to dulp

not justified if land fill
aviilable

air pollution hazard

salvage may be carried on
in other mathods also

no eyesore, odor, no health
hazard

high extra hauling cost by
barge

water becomes polluted

storage needed when lake
freezes



METHOD: HOG FEEDING

FUNCTION: maintenance of
farm for profit
by feeding gar-
bage
RESPONSIBILITY: private company

CONTROL: health codes

CHARACTERISTICS:traditional methed

SALVAGE &
RECLAMATION

use of materials
to be sold

city or private
company

market values

15% reduction -

of disposal; treated in volume

with heat to kill
bacterial trickin-
osis

25% of garbage in
US fed to hogs in
1961 (R:31)

restaurants and
hotels contribute
most to program

" ADVANTAGES :
refusa

minimum effort,
inexpensive

DISADVANTAGES: most of refuse
not eatable;
dependent or.
scparated
pickup

hazard of dis-
easa sprecad

usually distant
from sources of
supply

useful for a
small portion
of refuse only

pravides income from potential sale

of end products

high labcr cost
of scparation

uncertain of
product or
market

—
: PIﬁGR DISPOSAL METHOD%AJ

GARBAGE
GRINDING

shredding of
garbace and
washing into sewe

city, corpany or
individual

city policies

may be handled
by city or by
individual

older secczions of
city don”t have
disposal units

so individual
6ystems must be
augrented by city
system

convenicent to
owner

gcanitary mathod
of dispoasal

only snall cortion
may be grinded

must have two

systens

high costs dif-

unsanitary processficult to just-

1y

might overload
sewers; solids
increase by 100%;
grit by 40%; ce-
mands higher prea-
sure and supply

MECHANICAL
COHPOSTING

biochemical degracdati
of organic material

resultant ferti-
lizer of very high
quality

not svecessful in
the US because of
the hjgh cost and
nn market

uscd in European
countries exten=
sively

end product of
fertilizer may
be sold

501 of rcfuse is
non-compostilble
and must still be
disposed of in
other manner

no or little
markct in the
us

The per capita COSTS per year for refuse

collection in USA 712€C) ranges from $0.24

to $7.40, reflecting wiae

lative efficiency, amount

variationa in re-

of service, or the

kind of service [42: p. 79]. According to

WHO, almost 7€% of the total cost of garbage

{refuse) disposal is for transport [41:

p- 391.

The AVAILASILITY of rcfuse collection ser-

vices in relation to a prospective site is

a factor to be considered

in site selection;

but, in gencral, it can always be provided -

within rcasonable limits of cost ard of

quality of service. See LOCATION.

The CAPACITY of existing/proposcd rcfuse

coliection service availahble to a cite

should be adequate to carry the QUANTITY of

refuse produced by the proposed scttlement

as well as by future developments in the ar-

eas served by tha wtility.

The devcloper

ghould insure that adcquate tefuse collec-

tion is available to a site in his preli-

minary site considerations [8: p. 66}.

The QUANTITY of refuse col

lected as related

to the guantity produced is a function of

such factors as: {d4]: pp.

22-27]

-Population: as populaticn incrcases, re-

fuse production increases.

-tand Use and Intensity of it use: indus-

trial, commercial, and residential areas

produce varying quantities of refuse; there

may be variations between

high, medium, and

low inccme residential arecas:

as the density

of an area increases,
required by that area

-Material Cocasumption:

the refuse collection
increases.

as per capita con-

sumption of disposable material goods in-

creases, per capita refuse production in-

creases.



-Frequency of Collection: with frequent
gervice, more refuse per capita is collect-
ed; but, smaller quantities are sct out ecach
collection day.
-Refuse Separation: communities requiring
refuse separation may make more frequent
collections of smaller quantities than those
making combined collections.

-Anocunt of On-3ite Disposal Permitted: when
on-gite burning is allowed, refuse quantity
decreases; installation of garbage di3posals
have reduced the quantity collected from 25%
to 101 of total refuse; with on-site dis-
posal, collections may osnly amount to 50-75%
of the total refusc produced.

~Cost of Collection: where direct collec-
tion charges are made, houscholders may dis-
po!é of more corbustibles on-site; costs in-
crecse with increased ccllection freguency,
-Gencral Trends: while garbage and ash
quant.~fes are decreasing, anounts of com-
bustible rubbish, particularly paper, plas-
tics, are increasing; therc are great in-

creases in volume of refuse and considerably

lesser increases in weight of refuse.

The quantity of average municipal refuse by
weight in USA has the following composition:
(42: p. 39)

=Paper: 424
~Combustible Rubbigh: - 22
~Food Wastes: 12

~Noncombustible Rubbish: 24

Yariations in quantity of refuse collected
occur: [42: pp. 31-32]

-Secasonally: winter climates have winter

p2aks (ashes), summer peaks {garbage, yard -

rubbish).
-Paily: peaks after weekends, holidays.

The quantity of individual refuse production
in USA (1965) was estimated at 4.5 pounds
per capita per day or 1650 pounds per capita
per year. Assuming a straight line trénd
from 1955, growth of refuse production will
continue to increase at about 0.07 1lb/cap/

day or 25 lb/cap/yr [42: p. 25}.

US residential refuse quantities collected
in 1965 varied from 1.1 lb/cap/day to 3.2
1b/cap/day or from 386 lb/cap/yr to 1152 1b/
cap/yr [42: p. 27}.

Refuse juantities are measured in: {13:

p. 1451

-Pounds per capita; kilograms per capita:
measure of refuse produced per person; usu-
ally bascd on per day or per year.

-Acre-foot: measure of dump or £ill volure.

The PREPARATION of refuse for collection is
an important factor in determining the ef-.
fectiveness and efficiency of the refuse

collection service. If refuse is dumped in-
discriminately in a heap in a backyard or

alley, the work of collecting and disposing
of it is difficult aﬂd expensive; and, it is

. a nuisance and a menace to public health.

However, the refuse can be prepared for col-
lection when the housecholder is made respon~

sible for: [42: pp. 42-44]

A. SEPARATION: into classes/kinds of mate-’

rial.

B. SPECIAL TREATMENT: for each class.

C. STORAGE IN ADZQUATE RECEPTACLES: for

public health and ease of collection.

p. LOCATION OF RECIPTACLES: for ease of

collection and houscholder convenience.

E. LIMITING QUANTITY: to make collection

service uniform.

PREPARATICY OF PEFUSE FOR COILFCTICN {42: pp. 42-74]

A. The ~TPAFATION of refusc is influenced by the
dispesal methou used for varicus classes of refuse.
The following dispesal retheds usually employed by
municipalities and the stparation required in each
instance are discusced below:

-Hcq Feeding: gartaza rust be separated from all
other refusce.
—Certral Crirding: cans, bottles, Lroken glassware,
creckery, fetals, as , ard ¢ lar rcfuse must be
separased from rel which can be ground and dis-
charged Into the pewcrage eystem.

-Incineration: certustibles rust Le separated from
noncottustibles,

~Ofen Burning: cowbustible raterials except garbage
should pbe separated from other refuse.

—Open Durping: ashes, rassnry bullding rubble, etc.
2y be disjcused by open @ irg.

-Sanitary Fill: ro seperation required.

-Astes for Cover Material: ashes, other mineral
pattcr are separated for use as cover for open durps/
sanitary fills.

-=zhes for Street !.uirtenance: ashes pust be com=-
rlctcly separated fream all other refu-e.

-Compesting:
cated from all other non-decaying refuse,

-Recovcry and Sale: bhouscholders required to sepa=
rate designated materlals which the city can sell.

vegotation, lecaves, ets. rmust be scpa-

Separation can be affected by collection prectices
wuch as:

—#ultiple collection agercies which demand that mate
eriala handled by each be kept scparate.
~Differences in frequency of collection can necesc-
itate the separation of refuse into several classes.
«Bulky trash items such as trce branches, household
sppliances, otc. are sometimes collected by special
vehicles.

B. SPECIAL TREATMENT of qgarbage, rubbish, arnd ,sheu
may be required in order to insure better sanitation,
more eccronical collection, or more effective dis-
posal.

Special preparation of gartage for collection is us~
willy given the rost attention by the city officials
responsible for collection and disposal ol refuse,
because of Lltas high putresibility ard greater diff-
jculty ot disposal. Usually it must be drained of
free roisture, cften it has to bte wrapped in paper,
and in some instances the tundles sust be tied.

Special preparation of rutbish for colleccicn is re-
quired by many citjies to reduce the cosat of collect=
inq certa:n kxinds of bulky material such as:
~Cartons, Boxes: may be required to be broken apart,
laic flat, ard tied in burdlcas.

«Tree Branchcs: may be required to be cut into 4
foot lengths ard tied into bundies of not more than
75 pounds.
~Tin Cans:
crushed.
-Eouschnld Furniture, Aprliances: may'be collected
az vhole units by a special service or aw tundles

of troken pleces by reqular service; may be collect=
ed by charitalle crganizaticas fcr salvage.
-Danjerous Rubbi<h: poircns, explosives, acids,
caustics, Infected raterisls are usually reguired

to be disposed of directly by iadividuals.

may be requirced to be washed and/or

Spelcal rreparation of ashes for colilectinn includes
the presentation of only cold ashes for collection
in specified containers.

C. Separation and special treatment of refuse is of
little value without STURAGE IN ATETUATE RECEPTACTLES
to protect the refuse until it is collezted. Theres
are several kinds of refuse containers that insure
sanitary storaqge of garbage, prevent tne escape ot
refuse, ard provide for eccnomical collection. Car~
bage contairers cust be watertight, have tight-
fitting covers, and be easy td clean. Rubbish re-
ceptacles should not allow refuse to leak through
crevices or te blown from the wp. Containers for
ashes should be lcakproof and fireproof. All re-
ceptacles should be easy to erpty and te equipred
with kar?les. Receptacles should be sized according
to the weight of the refuse to be contalned in order
to make the handling of thrm easy and economical for
colleccors.,

D. The LOCATION OF RECEFTACLFS rust be at the
place from which the rejular collectors will accept
thea.  In many cases, houscholders find such loca-
tions also the rost convenient placea to kecp the
containers between collections. Howcver, when
collections are made from the curb, the containers
must usually be kcpt elsewhere. The location of
receptacles is larjely a matter of municipal regqui=
ation, although it may be left to tha householler’s
convenience.

E. Regulations for LIMITLIG THE QUANTITY of
zefuse wnich will be coliected from a single
residence at onc time are established to:
-Maintair the service rendered on a uniform basis.
-Insure a more or less constant collection from
weaek to week.


http:svgc'.to

®*However, regardless of who collects and
hauls the refuse, the government should po-
lice the activity to insure conformity to
regulations/standards insofar as they affect-
the commnunities health” [42: p. 3].

TWO types of standards must be reccognized
when considering refuse collection: [42:
p. 3]

=Public Convenience: collectlon location
{curb vs. backyard), collection frequency,
combined vs. separated collections, ctc.
~-Public Hecalth: refuse storace regulations,

minimua collection frequencies, refuse col-

lection vehicle regulations, ctc.

The principle methods of FINANCING refuse
collection are summarized as follows: [42:
PpP. 268-295) )
-General Property Tax: distributes collec-
tion cost on an abllity to pay basis, in-
sures collection from all properties, oper-
ates with less overhead than pilling meth-
ods; but, allows large refusc producers to
be subsidized by the small producers.
=Separate Property Tax: levies tax on pro-
party for the specific purpose of refuse
collection; has similar limitations arnd ad-
vantages as general prcperty tax.

-Service Charges:
measured/estimated quaAtlty of waste re-
moved; makes charges/fees proportional to
cost of refuse collection; makes administra-

tive costs of bliling high,

collected on basis of the

~Can, Container Rental Charges: made to
provide refuse producers with municipally
cwned, standard receptacles, and to cover
costs of emptying, servicing, maintaining,
and replacing these ~ontainers.

-Special Asscssments: made against proper-
tics benefiting from the service.
-Miscellaneous Pevenues: sile of private
collection licenses, fees for salvage priv-

ileges, sale of salvaged material, sale of

collection privileges, etc.

®*It is generally accepted that municipal
functions performed for the good of a whole
ccmmunity should be financed from gencral
taxation, whiie thosc conducted for the par-
ticular benefit of certain individuals or
organizations should be supported by charges
or fees against the persons or properties

benefited® [(42: p. 269].

The RESPONSIBILITY/CONTROL for regulating

thz functions and services of refuse collec-

tion shculd rest with the local governrent,
since the storuge, coilection, and disposal

of refuse affect the health and welfare of -

community. Reluse collections ray be per-
formed by: {42: p. 3}
~Governmernt agency

-Cor.tractor under contract with the govern-
ment.

-Contractor under direct contract with the
resident or refuse producer.

~Refuse producer himself.

THE SOLID WASTE PROBLEM [49: p. 128-129])

"An extremely serious problem facing the
United States and other affluent countries °
is the accunmulation of solid wastes in open
dumps or inadequate fills. These dumps are
not just acsthetic discasters: if they are
burned they contribute to air pollution,
water percolating through them pollutes
groundwater sugplics, and they serve as
breeding grounds for such annoying and dis-

easc-bearing organisms as rats, cockroaches,

and flies.

"It is becoming universaliy recognized that
current meothods of dealing with the solid
waste problom are utteriy inadeguate. A
report by the U.5. Department of ilecalth,
Fducation and Welfare rcecently labeled 94
perceat of the 12,000 disposal sites in the
Cnited States as “uvasccueptaitle.® Many
cities are facinj disposal crises as popula-
tion growth sinultanecously produces more
waste and reduces the available land for
dumping. Waste disposal is another classic
case where per cipita costs tend to go up

as population grows.

*Sanitary landfill, where space is nv#il-
able, is a more satisfactory {and expensive)
solutioca than dumping, but it also gener-
ates many problems. Water pollution contin<
ues, dust pollution is created, and nonbio=-
degradable raterials (those not quickly bro-
xen down by microorganisms) which do not
compact easily, lesson the utility of the
£ill. 1Incineration of wastes is another an-
swer which in France and other European
countries has been combined with power pro-
duction in trash-fired power plants. Unless
great carc is taken, of coursn, this answer

may mcrely substitute air pollution for land

pollution.”

METIOCS FOR INCRFASING THE EFTICIENCY OF RLFUSE
DISPQOSAL

A. BICYCLINIVFL 'OID OF EDFUSE:  could reduce the
weight of miteziala for disposal by up to 4Cv in the
U5s. Parrr, pagprr products, and certain ©otals are
ant oaly in terrs of the
‘ry, tut alvo an terms of
1sls. Recycle of qlass,
also be stulied [4d:

the voi 23 of the,e ra
rubter, ard plactics sl

r- 7).

*In the face of the obvicus neel to minizize tic
ates urces, the
i ocf 3 cf ran's carufartured devices, froa
coa,plivaces v ool rerz, shoeuld take §nto
Yility of recycling thelr cocpon=
1.

rj of ronterewable 1eg

could plase heavy tasen on any
0 is dentgnel %o Le dis-
-, a4 cculd preralit the
Iatle produsts.  leavy de=
harase the recyrling

pasi
of ressanhle za

ray have ecencal:

< valae of reusing re-
result frem a
arazicn.  Mothods

t5;v 3al

CCHMIASTION:

D. PEt

transjnrtaticn costs and facilitating final deposit.
Corpacted refuse could be transyorted by ratl froa
urtan certers to arcas in nesd of £.11 material for
roclziming subzarginal ilands resulting from strip
mining/erosion {461 pp. 33, 34].
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