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UREAN AREA CONTEXT
 
General information and description
 

Existing I. GFC'FAiv? (Location, topography,

Conditions circulation, land use pattern, and
 

values pattern. climate)
 

7. 11rrTO;' 

3. Ec.;cmy 

5. DLM:OGAiPIY (Population grcwth, dis­

tribution: age-sex)
 
6. SOCIAL STFU!CTUR (Annual income dis­

tribution)
 

7. SOCIAL ECOLOGY (Income pattern-den­

sity pattern) 
8. LOW INCOE HiOUSl:'I SITUATION (Utili­

ties and services, construction types,
 

resources)
 



SITE CONTEXT 
 INTRODUCT ION
 
SELECTION, EVALUATION,
 
PLANNING
 
ENVIRONMIENTAL PHYSICAL CONDITIONS UTILITIES, SERVICES, CONIIUNITY FACILITIES G:VERNMENTAL/F.UNICIPAL REGULATIONS This section is concerned with the SITE 

CONTEXT. It includes the factors listed
 
10. (AB) LOCATION. APPROACHES, ACCESSES, 20. (AB) WATER SUPPLY, WASTEWATERSYSTErS: 31.C B) MASTER PLAN alove. It provides references for the 

TRANSPORTATION SANITARY SEWERAGE, STOR1MDRAINAGE 32.( B) ZONING ORDINANCE evaluation/relection/planning of sites in
 
l.(AB) SIZE, SAPE 
 21. (AB) ELECTRICITY, STPET LIGHTING, 33.( B) SUBDIVISION REGULATIONS urban areas, particularly in relation to 

12. (AB) LAND COSTS TELEPHONE, GAS 34. CB) BUILDING CODES dwelling environsrents. 

13. (A ) LAND OWNERSHIP 22. (AB) PAVED ROADS, WAI%1,AYS, PARKING 35.( B) TAX STRUCTURE 

14. CB) BOUNDARIES 23. (AB) PUBLIC TRANS.'ORTATION 36. B) OTHER The cor.on cases of site Investigation are: 

15.(A ) VIEWS, FLOODING, DUST/DIRT, SMOKE, 24.( B) POLICE, FIRE PROTECTION -Given an intended use, find suitable sites.
 

FUMES, ODORS, NOISE, VIBRATIONS, 25. ( B) REFUSE COLLECTION 
 -Given a site, determine options for use/ 

FIRE/EXPLOSION HAZARDS, AIRPORT 26. CB) HEALTH development. 

DISTURIANCE/RESTRICTIG:ZS 27.( B) SCFGGLS, PLAYGROUNDS 

16. (A ) TOPOGRAPHY, NATURAL FEATURES 28. ( B) RECREATIO:;, PARKS, OPEN SPACE Factors affvcting a site have been quall­

17. (A ) SOIL 29. ( B) OTHER COYXUNITY FACILITIES fied as follows: 

18.C B) CLIMATE 30.( B) BUSINESS, COMIIERCIAL, SMALL -FACTORS M,.RKED (A ) are primarily situ 

19.( B) EXISTING STRUCTURES, EASEMENTS, INDUSTRIES, PROFESSIONAL attributes that de'ine the economic and 

RIGHTS-OF-WAY 

practical feasibility .1 developing the 

site. Seconlily, they are physical planning 

determinants. 

-FACTORS MARKIUD ( B) are priearily site 

determinants that define the physical plan­

ning. Secondly, they may !efine the feasi­

bility of the site's development. 

-FACT'.P.SMAPD (A3) are both. 

The presentation of each of these factors 

includes: De'jniticns and Evaluation/Plan­

ning Considerations. They are to serve as 

a fr.ccwork for preliminary, site investiga­

tion as well as site planning. It is im­

portant that they be viewed as guidelines 

within a range of alternatives for each 

specific site factor. They are a checklist 

in the development of a site. 



-- 

_______ 

____ 

LOCATION PRIORITIES for proximity (DISTA:;CE} EVALUATION/PLNNING CONSIDERATIONS
 
DEFIITIONS
10. LOCATION, 

to employment centers by family income are
 APPROACHESi 

illustrated in the following chart (fig # ) 	 Location in relation to the URI.AI CONTEXT
 

ACCESSES• 	 ATIO:,(- - situation: the way in w.hic.h 
should be analyzed/evaluated to determine
TRANSPO so..ething (the site) is placed in relation (NOTES FOR HCUSING POLICY, John Turner anTATI 

degrees of availability/adequacy/consis­others, CamTbridge, 1S71). 


e eof t/eqfolyowing isnoe, br ,in
LOCATION, APPROACHEi., ACCESSES, TRANSPORTA- to its surroundings (the urban context). 	 tency in terms of the following existing 

and/or projected conditions:TION are interdependent factors. The 	 Lc c 


accompanying diagram (fig I ) of a site in 	 Location can be in terms of the POSITION() 

of the site in the urban context regarding _ 5S -LAN;D USE PA=TE 2 - (Urban area plans, 
an urban context 4.llustrates the tsctors: 


-LOCATION (r05ITION-DISTA;CES) in relation primarily: .
 charts) - Uses to be identified: Residen­

to: Residential, CG-..crcial, Industrial -SITE LAND USE as determined by urban land ,e
 

Resientil. C-erialIndutria 
 'Ntial, Business, Commercial, Small Indus­

areas, City Center, Airport. use patterns, zoning ordinances, and other N tries, Professional, Industrial, Schools. 

e 	 Playgrounds, Parks, Other.
-APPROACHES: main routes that reach the 	 government rego. tions. 


sit (1. 3). -SITE VALUE/CCSTS as determined by urban 3S.­

-POPULATION DENSITY PATTER: - (Urban area 
-ACCESS: linkages to main routes (a, b). 

-TRIISORTTIO.:mtans of corveyanco alonj On eplans, charts) - Ringes to be identified: 

100, 200, 300, 400, 500, 600, 70, 800, 900,main routes. 	 Location can be in terms of the DISTANCE(-) " 1 

between the site and other elements of the 
-~S 1000 inhabitants/ifectare. 

urban context, measured in: 

-LENGTHS: meters, kilometers. yarls, miles 
-INCOME GROUP PATTERN - (Urban area plans, 

-TRAVELING TIME: walking, private vehicle, - 0 + charts) - Ranges should be identified in 

public transportation 	 LOCATIO:PRIORITIES for proxtm/ty
 
(DISTANCE) to 	 employsemt centers terms of income/family/year or in terms of : 


TRAVELING COSTS: I of weekly, monthly,
 subsistence levels (See: Income Groups!. 

annual incoma S a ih/oeaeIem5S - 5xs - HIh/m,.erate Incmemontk,*',, 3x5
-TRAELIN 	FREQUENCY-- we.--ekly,_T-' 3S - - .-' eratelow Incom-e 

~~ ~ EL'~ RCEY ~ eklmn)'~ ~ ~ b~.-. ,c. - t..A/sy Law (slisusi -LAND VALUE/COST PA7ERN -(Urban area 

-

-

- - .,go for average family)
 
___V - _ 
 occasionally. plans, charts) - Ranges should be identified 

_ - iportant 
0 - in o area! meters,Natral 	 terms costs/unit square 

Hectaxes, Acres.
 

Priorities for Upwsely mobile Households
 

/" 
 -UTILITIES, SERVICES, COMUNITY FACILITIES
 - Priorities fer static or Donwrdly Mbils 

to the site) - Condi­

tions to be determined: existing, proposed. 

FIGURE I LOCATION PRIORITIES available at later or unpredictable tLme, 

S.(adjacent/available 

______ 	 ________not available, adequacy of the following: 

a Water Supply, Sewerage, Storm Drainage, 

Paved Roads, Electricity, Street Lighting, 

COMMECIAL 

UMxSTRIAL 

FIGURE # 	 LOCATION, APPROACHES, ACCESSES,
 

TRANSPORTATION
 



Telephone, Gas, Schools, Recreation, Police, 


Fire, Health, Refuse Collection, Public
 

Transportation, Social Welfare. 


-CENTERS OF EMPLOY1MNT - (residential, 

industrial, commercial, government) when 


proximity becomes a priority for those ;I.. 

income groups that cannot afford transporta-

tion costs (See: Transportation). 

DEFINITIONS 


APPROACHES(-) - the main routes external to 


the site (pedestrian/vehicular) by which the 


site can be reached from other parts *if the 


urban context, 


Approaches are qualified by the character 


of existing and future growth along these
 

routes (congestion; directness or the reurt; 

depreciating commercial, industrial, or 

residential areas). Trends in urban growth
 

may affect a Aite's approaches. 


App:oaches are the manner in which POSITION 


and DISTANCE relate the sit, with the urban 


context. 


EVALUATION/PLANNING CONSIDEHATIONS 

Approaches to a site should be analy-


zed/evaluated to determine availability/ 


adeqacy/quality in terms of existing and/ 


or projected routes:
 

-AP.IOACHrS - (Urban Area/Site Plon, charts) 

Characteristics to be identified for each 

approach: Nare of Poute, Transportation 

Modes (i), From!T- (2), Adequacy (See: 


Circulation), Character (3).
 

(I) pe estriae/veiciar. wal,Inq., bicycling,
 
privat, car, b-a. sn-iy, raIwy. etc.
 
(2) areas lined by the rout-. 
(3) thd nat-e of eslstan ard future qroth 
slong these route, in terms of: cosesition,
 
directness uf the route, physical conditon
 
of the route,etc.
 

DEFINITIONS
 

ACCESS() - the pedestrian/vehicular linkage
 

from/to the site o/frem existing or
 

planned approaches (urban streets, limited
 

access highways, public transportation sys­

tems, and other systems such as: waterways,
 

airlines, etc.).
 

Access is a way that allows entrance to and
 

exit from the site proper.
 

Access can be defined/determined by:
 

-LINEAR LINKS: highways, streets, or paths
 

frcm which taiesite can be entered.
 

-POINT LINKS: subway stations, bus stops,
 

etc. from which the site can be entered.
 

EVALUATION/pLA.:; ING CONSIDERATIONS 

Access to a site from its approaches should
 

be antalyzed/evaluated to determine its
 

availability/adeq-aacy/quality in terms of
 

existing and/or projected conditions:
 

-ACCESSES - hSite plan., charts) Conditions
 

to be determined: existing, proposed,
 

availability, adequacy of: linear links
 

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

(subway stations, bus stops, etc.)
 



DEFINITIONS 


TRANsPORTATIO:NW) - means of conveyance or 

travel from one place (the site) to another 


(other parts of the urban context). 


Transportation means can be:
 

-PRIVATE: bicycle, automobile, etc. 

-PUBLIC: bus, subway, taxi, "collectivo, 

etc. 

Transportation can be measured in terms of: 


-DISTANCE 


-TIME 


-COSTS
 

IDEAL MAXIMUMDISTANCES are illustrated in 

the following table (fig # ) in terms of 

MODES 'F 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 distances
 

on the other hand, there are other facili­

ties that may be reached via transportation:
 

High schools, Playgroundsl Recreation,
 

Regional; Shopping, Regional-Major Goodsi
 

Centers of Employment.
 

EVALUATION/PLJnNING CO.5IDERATl ONs 

Tansportation to a site should be analyzed
 

evaluated to deterMine its availabilitrj/ 

adequacy/quality in terms of existing and/a
 

projected conditions:
 

-TRAliSPORTATION - (Charts) Conditions to be
 

determined: Preferred Modes of Travel,
 

Distance, Traveling Time, -raveling Costs,
 

Adequacy in relation to the following areas
 

High Schoolz, Playgrounds; Recreation,
 

Regional; Shopping, Regional-Major Goods;
 

Centers of Enploment (1)
 

NOTE: 
(1) Transportation to/froz the site frow.to CE.rE.RS 
or m-MrYEa issue for the lowcay be critical 
incom groups. When centers of ceployment are not 
locat..withr .. alkang dustanc., a s .te becould un 
acceptable to the income group who cannot afford
 

public transportation f.resor a bicycle.
 

http:CE.rE.RS


MAXIMUM IDEAL DISTANCES (within Urban Context)
 

MODES OF TRAVEL (l) 


U.S.A. urban areas people travel by pri­

vts automobile on when the destination is vithl 

walking distanre. 

(1) In msat 

Walking 

Bicycling 

Motorized (bus, car, subway, railway, etc.) 


ACTIVITIES/FACILITIES 


EDUCATION 


-Kinder-playground 


-primary school-plgd 


-11ighschool-pldg 


-Commnunity service 


SOCIAL RECJRLATION 

-Localt Children 


Adolcccents 


Adults 


-Regicnalt Children. 

Adolesccnts, Adults 


SHIOPPIN4G 

-Local, Food, conva-
nionco gjoodu/sorvicos 

-Alcgionnla Major goods/servicesI
 

EKPWOYMENTDal
 

-LOw incomagroups 


-Other inceas groups 

FREQUENCY OF TRAVEL 


Daily 


Daily 


Daily 


Daily, weekly 


Daily, weekly 


Daily, weekly 


Daily, weekly 


Occasionally 


Daily, wekly 

.i
 

Weekly, occasionally 


Daily 


Daily 

RANGES 


0 
|s 


6-

+ 


-


(Time: minutes Distances: moters)
 

2,000 5,000 

4
 

400m
 
', - 1,On. 

30' - 2,00mn 

5 5! 4,oo,XI' ­
a
_______________ .
 

DISTANCES
 

MAXZKUKWALK1G DISTANCE 

I
 
400m i
 

.,000,o
 

1,000m 


I 
* 400m, 

6 l. Om00m 
4 0
 

+ 0m .
 

P 
I 

p 400' ,
 

2,000m walking
 
, ----- 8,0GOm bicycling 


25,000 30,000a
a,000 10,000 15,000 20,000 

0
 

30' -8,000n% 

30' 15,0000
 
t _60'. - 30,000. 

MAXIMUMBICYCLING DISTANCE 

l B,000 

S 

I 

15,000M
 

000 

000 



SuZE, SHAPE 

DEFINITIONS 


SIZE(*) - physical magnitude or extent (of 


the site): relative or proportionate dimen-


sions (of the 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 the site to 


accommodate future growwh/expansions. 


Size may determine the facilities required 

as part of the development: 

-SMALL DEVELOPMENTS: generally are part of 

an adjacent urbanization and can use its 


supporting utilities, services, and commun-


ity facilities. 


-LARGE DEVELOPMENTS: may be independent 

communities requiring their own utilities, 


services, and community facilities. 


S1ZE, POPULATION, LAND USES 


The following charts (figs U ) are 

rough dimensional indicators relating size 

of site, population, and land uses (per-

cantages and areas). 

A. SITE AREAS from I Ha to 100 Ha 


M. POPULATION DENSITIES 

Delta/Na 	 Unit Types Pesons/Na
27/U 4P/1r22/U 6PiU4U6/U 6P/U 

squar mThe 
50 Roers, Row/Group 100 200 300 400 

Housing(*). 3-5 

Wlk-spsI-). 

acco o.100 .. 3-5 stOry 200 400 600 0o 
Walk-ups, 7-20 

story High-rise('). 


150 (Sam eAs sbove) 300 600 900 1200 


220 	 Rooms, 7-20 story 400 800 1220 1600 
sigh-rise 

Unit ca.n be DWELLINGS or FcG0:S. 

0%LL:5(*) - a building or other shelter in which 

people live: HOUSE.
 
R00M(-) - a partitioned space of a dwelling 

specifically used for living. In practice, when 
counting rooms of a dwe'ling, only the living areas 
an.: included: bedroom, living room, dining room. 
Others such as: bath, toilet, kitchen, laundry, 
storage are not co:'strd as roons. 

Units can be dofined as follows: 


LWELLING(f) - the general, global designation of a
buildinglshoiter in which people live. A dwelling

cent.tins one or more 'dwelling units%. 


D05-LLIN;GUNIT() - a self contained unit in a 
dwelling for an individual, a family, or a group. 


DWELLING UNIT TYPE - four types of dwelling units 
are considered: 

-Rcm: A SINGLE SPACE usually bounded by partitions 
ans, sp-cifically used for living; for co-oeple, a 
living rom a dining one. a hcd-ocn, out not a 
bath/tsslet, kitchen, laundry, or storage roen. 

SEVERAL 101CM UNITS are contained in a building/ 

shelter , r Share the use of the parcel of land on 
which they are built (open spaces) as well as coron 
facilities (circulation, toilets, kitchens). 
-Apartment: A .iLTIPLE SPACE (roc./set of runes 
with bath, kitchen, e c.). SEVERAL APiARTY:.T UNITS 
are centained in a building and share the use of the 
parcel of land on which they are built (•pcn spaces)
A. well as soon c-=-on facilities 
-House: A MULTIPL:I S7ACE (room/set of roos with or 
without bath, kitchen, etc.). ONE HOUSE UNIT is 
contained in a building/shelter and has the private 
use of the parcel of land on which it is built (open 
spaces) s well as the facilities available. 
-Shanty: 	 A SINGLE OR MTJLTIPLE SPACE (small. crudely 
built). OE SHANTY UNIT is contained in C 
shelter and share with other shanties the use of the 
parcel of land on which they are built (open spaces). 

C. LAND USES (Percentages and Areas) 


Public land: CIRCJLATION (streets, walkways.
parking areas)
 

The percentage of lind requed for circulatio 
depends on thedenity of the nciculation r.ctw;:r 

primarily frequency o the ntork;esci2. 
width of th.e ntr. A oreulatio network si 

large blocks takes a les-s. percentage of 1o-d 01 

a etwork serving snll blocks. 

Frequency ranges of urban circulation networks are 
discussed in the PLA:7!;I::5 CC:STMT: cIrcvu,:. 
Ranges are froe: 8cn x ECm - C.100 square neers 

(0.64 Hia) to 2lI e s 200s 40,0:0 square enters; 4 Eal1 

~.ON:AISUMUTZ Ths tables use afeequeccy ef iD.o s 

100= - 10,000 s-uare e-ters (1cs) and an aver e 
width of 16m which renalt3 in 30% of the 1-ad f= 

circulation (a conint). TTieranges lane bet: 
derived from case studies: URBAN C--LLIN? LX'=S-

MENTSi LAND USES IN OJMLUICA, CITES., Eartholen. 

Public land: PUBLIC FACILITIES (schools, play-
grounds, parks, other facilities)
rud.prs te aiiis
 

percentage of land required for public faci"itles

depends on the population nerved. A -l1 pc>i 'cn
 

requires lots facilities a eonsequently less pe­

centagerry of land. A large Population requires sore 
facilities and conseqiently cre percentage cf
 
In other words: new fACllties are required nOE 
increasing levels of poulation. Exarple: a ­
mnity of 	 5000 people will require a priosry s l 

and, a comeunity of 20,000 people will require 4 
primary schools and, in additon, a secondar1 

ASSUMPTION: 

Supporting population 6,000 30,000 60,3C0
 

Land for listed public
 

facilities 3 H. 19 Ha 47 as 

Ranges have been derived fro: '"CPY.SMIrNlAS 
URATIIACICN" - CE':.--OI.ERA!MERPICANOVIV:..a T 
PZIAEANIErO - ECGCTA, COL ISIA. 1968 and case 
tudies: U.D.E. LAND USES IN AM1ERICAN CITIES. 
Bartholomew.
 

Private land, RESIDNTIAL (dwellings, co eerci&, 

professional, =Ill industires) 

ASOUMPTIS:t The private land will he peimarily ­
idential but wil include con-.rcial, profeusioa.

d sall industrial uses. The percentage of pro-ts 

land depends on th size of the urban sector ros­

dered. If the percentage of land for circulatc- JA 
a constant (305) and the percentage of publi: I-­
increases with population, the percentage of pr -a
 

land, which is the remaining area, diminishes wi-k 
ppulation. 

DIAGPAMS
 

The following diagrams (figs I ) correspond to the 
10 areas illustrated in the charts. They show,
 

-Circulation grid of 100m x 100m.
 
-Percntage of land use corresponding in all cases to
 
a population density of 600 persons/Ra, which is an
 
auerage of the densities considered on the charts.
 

In practice the apportioning of land should be based
 
on a reasonable assumption of its potential satura­

iirnulatiesl.tie. Settlement is a process and densities will 
increase over tines therefore, low densities will
 

"vuntually increase. 

I=: The drawings are diagramatic and do not repes­
sent a design/layout of the areas Imnicated. 

Land for Public Facilities use
 

Land for Residential use 

EVALUATION/PLANNING CONSIDERATIONS
 

Size (area) of a site must be domputed/ 

evaluated to determine its adequacy/suit­

ability 	 for development. 

-SIZE - (site plan, charts) - Areas to be 

determined: Total size of area within site 

boundaries, areas unusable due to: topo­

graphy, soil conditions, easements, rights-­

of-way, desirable/undesirable environmental
 

influences, desirable/undesirable existing 

structures.
 



DEFINITION'J
 

SHAPE(-) - form/configuration of the site
 

surface as defined by its perimeter/bound­

aries.
 

Shape determines the feasibility/suitability
 

of a site i. terms of land utilization, lot
 

and street layouts:
 

-COMPACT SHAPES are generally more apt for
 

efficient development.
 

-ZRREGULAR, DISPERSED SHAPES may result in
 

unusable areas and/or uneconomical/inef­

ficient layouts.
 

EVALUATION/PLA2;NING CONSIDERATIONS
 

Shape of the site must be analyzed/evaluated
 

to determine its usability/suitability for
 

development.
 

-SHAVPE - (site plan) - Conditions to be
 

deter=ined:.Shape of usable area(s) (1),
 

feasibility of development (2).
 

(1) OapG(.) c: land resulting fro analysis of
 
developable land area (size).
 
(2) capable of eronoaial/efficlent development. 

SIZE, SHAPE should be considered simultan­

with other land features, topography,
eously 

adequacy of intended use.
 



SO Units/Ha 100 Units/Ha ISO Units/Ha 200 Units/Ha POPULATIOt1 UImTS PUBLIC LA10 PRI"TE LAM) POPULATIC:; UITS PUBLC IAB PRXVATE LMN 

Persons/Unit 
2468 

Persons/Unit 
2468 

Persons/Unit 
2468 

Persons/Unit 
2468 

Per/ 
H. 

Total Total Circulation 
• Ha 

Pub. 
% 

Facil. 
HA 

Residential 
% Ha 

Pur/ 
N. 

Tl Total Circulation 
Ha 

Pub. 
% 

Facil. Residentlal 
'k Re• 

100100 67 33 30 0.30 3 0.03 67 0.67 100 267 133 30 1.20 3 0.13 67 2.67 

N 200 127 32 30 0.30 6 0.06 64 0.64 200 509 127 30 1.20 6 0.25 64 2.55 

200 64 255 

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

300 91 365 

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

410 58 233 

400 117 467 

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

N00 81 323 

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

800 100 400 

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

0=0 1200 525 65 30 0.30 .6 0.26 44 0.44 1200 2100 263 30 1.20 26 1.05 44 1.75 

1200 88 350 

1600 622 78 30 0.30 31 0.31 39 0.39 1600 2489 311 30 1.20 31 1.24 39 1.56 



POPULATZON t2nITS PUBLIC LAND PRIVATE LAN) POPULATxON UNITS PUBLIC I. PRIVATE LAM POPULATION I;ITS iULIC LAND PRIVATE LAND 

Per/ 
Ha 

otal 
I-a 

al Circulation ub. "FacIl. 
-

Residential 
- I Be 

Per/ 
He 

Total Total Circulativn Pub. 
% 

Facil. 
uPaa 

Residential loer/ 
It. 

IR.ul otal Circulation 
H, 

Pnt. 
% 

Facil. 
a 

Residential 
's 

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 2M6 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 v 2.28 61 15.22 

822 1461 2283 

400 2100 262 30 2.70 12 1.05 58 5.25 400 3733 467 30 4.80 12 1.87 58 9.33 400 5833 729 30 7.50 12 2.92 58 14.58 

525 933 1458 

1050 1867 2917 

600 2908 485 30 2.70 16 i.A5 54 4.85 600 5169 86 30 4.80 16 2.58 54 8.62 600 7951 1325 30 7.50 17 4.25 53 13.25 

727 1292 1988 

801 3600 450 30 2.70 20 1.80 so 4.50 800 6400 800 30 4.80 20 3.20 50 8.00 800 9686 1211 30 7.50 22 5.39 48 12.11 

900 1600 2421 

900 3910 652 30 2.70 22 1.96 48 4.34 900 6952 1119 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 4.90 33 5.27 37 5.93 1600 14397 1800 30 7.50 34 8.50 36 9.00 



El - zm,, 7L]. 
F3K, zi_ 

50 Units/Ha 100 Units/Ila 150 Units/Ha 200 Units/Ila .S ILC LAND PRVAE ; U .:Z IU LIC 	 RVATE 

Persons/Unit Persons/Unit 	 Pub. d4cta.,I a 5b. Facil. ResidentialPer sons/Unit 	 erSons/Unit 4 6 8 nal 7ct. 1 C~rc.,1Jt ionI Facl. I'..i F. in?/ Tt1 CirculationI'. %i2 4 68 2 4 6 8 2 4 6 8 2 4 68 IL 	 k % H % H 

1~ 	 II 100 40 1200 30 10.80 3 1.20 67 24. 00 100 32. 63 30 14.70 3 1.63 67 32.6' 

F200 4562 1145 30 10.80 6 2.29 64 22.91 200 6236 1559 30 14.70 6 3.12 64 31.18 

1200 2291 311a 

300 	 300 6561 1193 30 10.80 9 3.33 61 21.87 300 8840 1473 30 14.70 10 4.83 60 29.47 

300 32P0 	 4420 

N:O 	 _______ _______ 400 8231 1036 30 10.80 12 4.47 58 20.73 400) 11171 1316 30 14.70 13 6.37 57 27.93 
40C 2073 2793 

1100 4146 	 5585 

600 600 11261 1077 30 10.80 18 6.43 52 18.77 600 15172 2529 30 14.70 18 9.01 52 25.29 

600 _ 2015 3793 

8Sa 800 13717 1715 30 10.80 22 8.05 48 17.15 80 18402 2310 30 14.70 23 '1.20 47 23.10
 

1300 3-19 4620
 

S14793 65 30 10.80 24 8.76 46 16.44 900 19931 3322 30 14.70 25 12.15 45 22.15 

1200 23638 2955 30 14.70 30 14.60 40 19.70
1200 17545 2193 30 10.80 29 10.58 41 14.62 

12 2924 3940 

IEEE 

1600 20389 2549 30 10.60 35 12.46 35 12.74 1600 27471 3434 30 14.70 35 17.13 35 17.17 
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-VIEWS: lakes or rivers can have a positive EVALUATION/PLA:NI ;G CONSIDERATIONS 

141 BOUNDARIES influence by providing visual relief and 

DEFINITIONS long views to contrast with man-made envir- The analysis of the MUTUALINFLUENCE between 

onments and their limited views, the site and the different boundaries is
 

BOUNDARY(-) - something (_a line or area) essential in planning. It will permit the
 

that fixes or indicates a limit or extent KAN-MADZ BARRIERS can also have a positive planning to take full advantage of positive
 

(of a site), or negative influence. Perhaps the greatest conditions as well as to minimize the nega­

man-made barrier is the limited access tive ones. It will help to define land use
 

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

-LEGAL LIMITS of a site: property lines conrunications between adjacent com.,unities.
 

-ADJACENT AREAS to the site Because of the path and width of the high- The ANALYSIS of boundaries will determine
 

way, useless pockets and corners of land the existence of strong negative elements
 

Boundary can be in terms of a BARIERC), are often created, that Luay jeopardize the development of the
 

which is characterized by sharp changes in site.
 

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

-LINES: limited access highways. etc. istrative etc. do not inhibit the social and -EOUDARIES - (site plan, charts) - char­

-AREAS: mountains, lakes, etc. functional continuity beteen contiguous acteristics to be identified for each
 

conrunities. Parks, schools, ccrunity boundary: specific name and location; 

Boundary can be in terms of a MESHIING() facilities, or minor streets do not really type: natural barrier, man-made barrier, 

boundary, characterized by continuous, limit the physical continuity between meshing boundary, line, area; positive and 

homogeneous land uses or topography, ex- communities but rather act as a linkage, negative conditinos; influence in land use 

pressed as: The activities at each of these areas can and interior circulation. 

-LINES: 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 limit the development
 

of an area in terms 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.
 



15. 	 VI EWS, FLOOD IN G, 
DUST/DI RT, SMOKE, 
F U ES., ODORSj 
NOI SE) VIBRATIONSjRE/ E P LOS I ON 
HAZARDS, AIRPORT 
DISTURBANCE! 
RESTRICTIONS 

DEF INITIONS 

VIEWS(*) - that which) is revealed to the 

visior 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 ralth 


reduce or eliminate noises, odors, nu.-lers, 

sp, eds, abruptness of movements, and the 

'11f- of the observed objects; such is the
 

(the earth) from an air-

plane. With long distances, the viewer is a 

view of 	 the land 

view. 


With short distance, views are real, domin-

ant and are accompanied 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.
 

have different en-Views from the site may 

effects:viror.ntal 

-POSITIVE: desirable views: harbors, rivers, 


mountains, forests, large public pk. 

... etc.ccanding views from high st.3, 

-NGATIVE: undesiroble views: blank walls 

or large industrial areas. the forests of 

20th centu-y paraphernalia, elevated high-

ways, gas tanks, bill boards, parking lots, 


etc. 


It is obvious that positive views should be 


taken advantage of/enhanced and that nega-


jive ones should he neutralized. 


EVALUATIGN/PU2 ' : G CO: EKAT IONS 

An analysis of the views from a site will 


existence of strong negative 


elements which may jeopaedize the develop-


ment of tle site. 


-	 Characteris-

tics to be identified for each view: 


long or
description and location, type: 


short distance, positive and negative 


effects, 


DEFINITIONS 

L'DN( -ariigndvrlongfa
 

body of water 
that coers land not usually
 

under water. 

All sites, particularly the low lying,
 

should be studied to determine their devol­

opment feasibility in terms of: 


-High Water Table
 

-Likelihood of 
Present and Fuure Flooding
 

(from surface run-off, tides, wind-driven
 

sea water, etc.).
 

In ge l.... 
In general lad subject to flooding should 

not be developed. However, exceptions are
 

areas when there are strong
made in urban 


reasons for the urbanization of this land.
 

In such cases, the development should be
 

preceeded by an identification of the areaaI
 

lying within: [22:pp.8S-g11 	 Ft, 

-NATUAL FLOODAY: the main channel and 

adjacent overhanks which convey floodflows
 

with destructive velocity (fig # ). This
 

area .,oustremain unobstructed 
so that floods
 

can be discharged adequately and efficiently.
 

-RESTRICTIVE ZO;E/FLOODiiAY FRINGE: the 

flood plain area landward of the natural
 

floodway which would be inundated by low
 

velocity flood waters (fig # ). This area
 

may be preferably developed by functions
 

which are relatively unharmed by flooding
 

(such as: agriculture, forestry, recreation.
 

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

J,
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If buildings or other structures are contem- EVALUATION/PLcNI:G CONSIDEUATIONS DEFINITIONS EVALUATION/PLANNING CONSIDERATIONS 

plated in the above areas, special precau­

tions should be taken such as: (24:pp.3-i0 The flooding of a site should be investi- DUST/DIRT, SMOKE, FUMES, ODORS, NOISE, Sites with proximity to sources of dust/ 

-Avoidance of construction (buildings, gated to determine the site's development " VIBRATIONS dirt, smoke, fumes, odors, noise, and/or 

bridges, and approaches, earth fills, etc.) feasib lity: vibrations should be studied to determine 

within the natural floodway which will con- DUST/DIRT(*) ­ fine dry pulverized particles their desirability/suitability for develop­

strict the flow of floods. - -FLOODING - (topographical survey, local of earth, grit, refuse, waste, litter, etc. meet. 

-Construction of flood storage PZSTK..0IRS, 

confining FLOOD WALLS, CF-NEL IMPROVEPENTS 

(by staightenLng/widening), or BY-PASSES 

(to divert floods away frm or around the 

site) will decrease flood hazards. 

-Elevation of building floors above known 

flood crest levels. 

flood crest records) - Conditions to be 

identified for the 50 year flood crest: 

area within the NATURAL FLOODWAY, area with-

in the RESTRICTIVE ZONE, special precautions 

wnich could make the restrictive zone usable 

by buildings or other structures. 

SMOkE(-) ­ the gaseous products of burning 

carbonaceous materials made visible by the 

presence of carbon particles. 

FU7!ZG(') - a gaseous emisslon that is usual-

ly odorous and sometirns noxious, 

-DUST/DIRT, SMOKE, FUMES, ODORS, NOISE, 

VIBRATIONS ­ (on-site evaluations) -

Characteristics to be identified for each 

source: name and location type: dust/ 

dirt, smoke, fumes, odors, noises, vibra­

tions; intensity. 

-Establishment of operational evacuation 

plans and procedures. 

-Incorporation of: waterproof walls and 

CtuR(f) - a quality of something 

fects t!.esense of smell. 

that af­

foundations, ejector pu=ps, floodgates, cut­

off valves on sewers, etc. NOISE(') - any sound (affecting the site) 

that is undesircd (such as that produced by: 

Sites subject to flooding are not priced traffic, a'-ports, industry, etc.). 

cocercially and for this reason are common­

ly taken by low income and squatter settle-

uents. Exarples are fod in low land on 

BAYS or LAGOONS (Cartagena, Columbia). on 

VIBRATION(') - a quivering or trembling 

motion (such s tiat caused by: heavy 

traffic, industry, aircraft. etc.). 

RIVERS (Guayaquil, Equador; Buenos Aires, 

Argentina), in GULLIES (Caracas, Venezuela). 

Some of these sites have been intelligently 

developed a. in Cartagena and Guayaquil. 

Others are periodically washed away as in 

All the aove may affect the site because of 

proximity to industrial plants, factories, 

quarries, garbage dumps, railroads, express­

ways, etc. 

Caracas. 



DEINITIONS 


FIRE/EXPLOSION HAZARDS[*) - danger: the 

state of being exposed to harm; liable to 

injury, pain, or loss from fire/explosion 

(at or near the site), 

Sites with proximity to HIGH HAZARD OCCU-

PrACIES (areas, buildings, structures in-

volving highly combustible, highly flamsnable 

or explosive material) should be avoided, 

The following are examples of high hazard 

occupancies; 125:pp.21-22] 


-Al-inu:, powder factories 


-Cellulose nitrate plastic factories, ware-


houses and sales ro,nq 


-Cereal mills 


-Distilleries 


-Explosives manufacture, storage
 

-Flour and feed mills 


-Petroleum 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 


limits should be identified, because they 


will determine the construction types 


allowed by law as well as the areas 


allowed par structure and the dimensional-


relationships between buildings. 125:p.381 


EVALOATION/PLASNING CONSIDERATIONS 

Sites with proximity to high hazard occu-


pancies should be analyzed/evaluated criti-


cally to determine the safety/feasibility 


of their development, 


-FIRE/EXPLOSION ,AZARD - (site evaluation, 

local fire code) - Characteristics to be 


identified for each hazard: name, location, 


degree of sep tion from site. 


DEFINITIONS 


AIRPORT DISTURBANCE/ZONINGRESTRICTIONS 


AIRPORT DISTURBA;CE(-) - the act:or process 


of destroying the rest, tranquility, or 


settled state of (a site by the annoyance
 

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


AIRPORT ZONING PSTRICTIONS(-) - the regula-


tion of the height or type of structures in 


the path of moving aircraft, 


Site location in relation to existing or 


proposed airports should be carefully check-


ed, including the possibilities for con­

struction of new airport facilities and run­

way extensions.
 

All sites should be studied in terms of their
 

relation.hip to existing and proposed air­

port perfo--mance standards/zoning restric­

tions. These will vary between airports
 

and heliport- [26: pp. 160-168]. it ij im­
portant to recognize that these standards/ 

restrictions are continuously changing a\ a 

result of changing aircraft size and speed.
 

Proximity to airports may be undesirable
 

because of noise, vibration, and hazards
 

resulting in personal annoyance. These car&­

ditions may be especially critical when the
 

site lies under a flight pattern or within
 

zones of aircraft approaches and take-offs
 

[B:pp.56-62].
 

EVALUATION/PLARNING CONSIDERATIONS 

Site location in relation to airports
 

should be analyzed to determine the desir­

ability/feasibility/adequacy of the site
 

for development.
 

-AIRPORT DISTURnANCE/ZONINC RESTRICTIONS ­

(local planning cormissions, city engineer,
 

aviation agencies) - Conditions to be deter­

mined for existing or proposed airports:
 

flight patterns, approach/landing zones,
 

take-off zones, noise levels at site, vibra­

tion levels at site, allowable maximum
 

obstruction heights.
 





Topography (SLOPE) is a major planning
 

,16TOPOGRAPHY, determinant useful indefining: land use, 

NATURAL FEATURES land subdivision , circulation, drainage, 

DEFINITICNS and land development and maintenance costs. 

TOPOGRAPHY(-) - the configuration of a The following chart (fig # ) gives a rough 

(land) surface including its relief and the indication of the limitations imposed on:
 

positions of its natural and man-made land use, subdivision, circulation, drain­

features. 
 age, land developn,:nt costs, buildings,
 

vehicular speeds, and surface protection by
 

*The extent and chiracter of such features-- slopes varying from 0% to greater than 30%.
 

simple or complex undulations, watercourses,
 

near and :istant views from different
 

points of observation and individual or EVALUATION/PMNNING CONSIDERATIONS
 

massed effect of trees--have varied rela­

tions to one another and to all developments Every element in topography should be con­

that can be foreseen. Every element in top- sidered as an opportunity to be used.
 

ography should be consiered as an oppor- Therefore, topography should be analyzed/
 

tunity to be used." evaluated to permit the planning of the
 

site to take full advantage of the positive 

The topography of a site is a composite of features and to minimize the negative ones. 

its NATURAL FEATURES('): 

-Land Surface Undulations: hills, valleys, -SLOPE - (site plan, topographical survey) 

slopes, flat lana, etc. Ranges to be identified in terms of percent­

-Water Features: strea,, rivers, ponds, age: 0 to 5%, 6 to 15%, 16 to 30%, 31% and 

lakes, marshes, floodplains, etc. greater. 

-Vegetation: trees, grauses, ground cover, 

etc. -TOPOGRAPHY - (site plan) - Characteristics 

-Geological Formations: rock out-croppings. to be identified for each natural feature: 

Specific Name and Location, Type: land sur-

The main indicator of topography is SLOPE(-) face undulation, water feature, vegetation,
 

which can be measured in terms of: geological formation; Positive and Negative
 

-Ratio of vertical: horizontal distance: Conditions; Influence in: land use, subdiv­

1:20, l:10, 1:6, 1:5, 1:4, 1:3 ision, circulation, drainage, land develop­

-Percentage of vertical: horizontal distance: ment costs, buildings, vehicular speeds, and
 

5%, 10%, 15%, 20%, 25%, 30% surface protection.
 

-Degrees from the horizontal plane: 

2-, 4.5-, 7-, 9, 11%l13.5­



SLOPES, LAND USE, LAND SUBDIVISION, CIRCULATION, DRAINAGE, LAND DEVELOPMENT, BUILDINGS, SPEED,
 

SURFACE PROTECTION
 

ASPECTS 


LAND 

USE 


LAND 
SUBDIVISION 


CIRCULATION 

(VEHICULAR) 


DRAINAGE 

SEWAGE 


LAND 

MAINTENANCE 

BUILDINGS 


SPEED
 
-BUS/ZAR 


-PEr.ESTRIAN 


SURFACE 

PROTLCTION 


5% 

0 to 5% 


No restrictions 


No restrictions in lot 

dimensions 


Safe, sustained grade for 

all vehicles U.S.A. 


Flat land may present numer-

ous problems in sewage and 

storm drainage that will 

raise improvement costs 


Flat land may not be 

economical
MITNNEcausing to develop 


No restrictions 


100-120 km/hour 


4 km/hcur 


Surface protection against erosion 

SOIL characteristics
 

6% to 15% 16V to 301 


10% and up not adequate for
 
playing fields or other Parks or other areas that
 
large outdoor flat areas require little or no
 
because demands heavy grading
 
grading
 

30% and up not adequate for
 
small lots; will present

foundation and retaining


No restrictions in lot wall prnblems; Multi-story

dimensions structures will reduce costs
 

per unit for foundations and
 
land development
 

30% to 32% steepest grades
 
for paved streets in U.S.A.
 

% to 12a steepest grades Layouts will require roads
 
for highways U.S.A. parallel or diagonal to con­

tours to reduce slope
 

20% and up will present 

5% to 10% will facilitate problems in sewage and storm 

sewage and storm drainage drainage that will raise 


improvement costs
 

5% to 10% is more economical 

to develop than flat or 
 j 0% and up will increase
 
steeper slopes: 10% and up sharply costs of land dovel­
may demand heavy grading, n
greater settlementsomn opment and maintanacoaneac
 

erosion
 

I0% and up will rcquirn study of soil, building tylo,

construction system, grading, foundations, number of floors
 

10% and up no good for sustaind distanccz
 

9% --2 km/hour, 10% and up no good for sustained distances
 

(rain, wind, intensive usa) should be considorad with
 

31% UP
 

Unusual conditions for land
 
development will require
 
careful study in all aspects
 



SOIL INVESTIGATION is conducted in increas-	 TABLE OF SOIL CHARACTERISTICSSOI L -SAND: loose/distinguishable grains of 
2 3 5 

17. 
quartz, feldspar, mica (ranging from 2mm to 	 ing deptt./detail/cost as the planning of The following table (fig # ) [from 8:p. 1 

DEFINITIONS 0.02mm in diameter) [Il. 
 the site progresses: 
 gives the designer an indication of the 

5 -SILT: loose/unconsolidated sedementary -INITIAL SOIL SURVEY: on-site examination BEHAVIOR OF THE SOIL for an INITIAL SOILSOIL( ) - soil structure: the arrangement of 

rock particles (ranging from 0.02-m to of surface soil conditions and reference to SURVEY. It serves as a broad outline to act
 
0.002mm in diameter) [Il. 
 a GENERAL SOIL MAP reveal obvious limita-
 as a guide in deciding whether investiga­

1mg in shape, size, stability, and degree of
 -CLAY: lusterless colloidal substance 
 tions/restrictions/hazards for early plan-
 tions and evaluations by a competent engi­
adhesion to one another.
 

plastic when moist (crystalline grains lest ning consideration. neer are required/warranted. When soils ev
 

than 0.002mm in diameter) I]. 	 -EXPLORATORY BORII;G: initial subsurface in- explored as foundations for structures,

Knowledge of the specific SOIL CONDITIONS of
 

-ORGANIC SOI.S: soils composed mostly of vestigations (borings) are done on a grid their natural structure, compactness, and
a site is particularly important for the
 

plant materi.al (1]. superimposed on the areas of interest and moisture content are of primary importance.

determination of: 

on areas indicated as limited/restricted/ 	 In addition, the position of the ground
-FOUNDATION SfSTENS of'roads, infrastructure UTILIZATION OF SOIL INFORMATION IN LAND-USE 
 hazard in the initial survey. 
 water table plays an important role.
 
buildings. PLANNING: (27:p.10] -CONSTRUCTION BORING: subsurface boring
 

-DRAINAGE (surface or subsurface) and ero­ -GENERAL SOIL MAP is used for broad land use 
 done at the planned location of all infra-
 The table does not indicate the variation in
 
sian characteristics.
 planning. It allows the study of available structure and building footings and roadway a soil formation. The characteristics of-VEGETATION (nature and types) which can be soil resources early in the planning pro- sub-bases for design of the foundation 
 any group are given in relative values only.
 
sustained.
 

cess. Such a preview involves consideration systems. Although given a low rating, certain pro­

of limitations, restrictions, hazards for 	 When the site is located on an aquifer perties of poorly suited soils may be im-
There are two commoenly recognized broad
 
use relative to the various general soil (water bearing soil) or in an aquifer re- proved by proper construction methods.
 groups of soils:
 
areas involved, charge area, all prospective land uses EVALUATION/PLkJNING CONSIDERATIONS
-DISTURBED: Soils that have hoen disturbed 

by artificial process, such as Excavation, 	 -DETAILED SOIL PAP is needed for a careful should bo examined carefully to insure that
 

study of individual kinds of soil as class- they will not pollute this water resource Soil conditions should be analyzed/evaluated
 
Trasportation, and Compaction in Pill. 

ified and mapped in accordance with the 123:p.S8). for the determination of foundation systems,
-NATURAL, UNDISTURBED: Soils that have not 

given area of interest. Detailed soil maps drainage and erosion characteristics, andbeen disturbed by artifical process. Al­

are essential in considering limitations, Soils contain three elements essential to the nature and types of vegetation which canthough natural, they depend greatly on local 

restrictions, or hazars fzr use at later vegetation growth: water, air, and nu- be sustained.
 
conditions, environment, and past geological
 

stages of planning. Also,'they are used for trients (minerals and humus). Soil, climate
history of the formations. 
on-site studies of the soil after planning and topography are inseparable vegetation -SOIL - (soil maps, charts) - Soil Charac­

has progressed to the point of detcrmining growth factors. Climate is the most impor- teristics to be determined: Natural Struc-Soils are composed from varying amounts of: 

2 2 
-GRAVEL: loose/unconsolidated rock frag- specific uses for specific areas. tant of these [ 1:pp. 46-2491. ture, Moisture Content, Compaction, Work­

ments (ranging from 2mm and greater in dia- DRAINAGE CHARACTERISTICS of soils are part- ability, Shearing Strength. Compreasability 

meter) Il]. icularly important in areas not served by and Expansion, Drainage, Potential Frost 

public sewerage and where on-site sewage Action, Corrosion Potential. 

disposal systems will be used. 

ad, with the as-uption of reasonably suitable coo- coluwn 7. 	 column 5kColumn 4, paction equipoent being used and with proper control OKPR.SSIBILITY AND EXPAnSION P)TENTIAL FROSTACTION
 
WORKABILITT HATERIAX. moisture content.
AS A CONSTRUCTION 	 of Frost scios is the heave ca"used by ice lenses
 
A seasae of the case with which a soil is handled Voloie changes because oa loading or sisture
 
and traversed by ordinary construction equipment. variation. forming in a soil sd he subsqusnt less ef
strergth as a result ef earess mistur, during 

coiun 6, thawing periods. 

Column5 	 SIMR=C S-,~TH WNENCOMPACTED Colum .aANDSATURATED 
C 

T 	 it is not an intrinsic property of a given soil, ColunA8ECOMACTION TSTICS 	 shearing strength varies over a considerable range ratage eaacteristies have been reted fees Colum 10,Differentiation of he soil groups ith rieoc ncet with varying conditions, such as density. moisture excellent (vary porous) to very poor (Liparvious). ,CORRSION POTENTIAL
 
the cape with which proper coepsetion can be obtain- content. and deares of consolidation.
 

http:123:p.S8
http:materi.al
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CLIMATIC ZO!;zS (fig I ) illustrates clina- Average monthly humidity and tenperature of 

tic zones deteroined by Relative Air Humid- a locality can be plotted to represent an 

ity (dry, ,oderate, humid) and Air Termpera- annual curve which become useful as refer­

ture (cold, temperate, hot). Nine zones are ence points. The following annual climatic 

identified. Rarges of h-mian body comfort curves are shown in fiq # : 

are those within the shaded are -LONDON s-.r: Te-perate/Humid 

-Air Temperature Comfort: working 15-18 C winter: Cold/H:tnid 

resting: 18-20 C -IJEWYORK sumv cr: Hu ,'Modurate 

' 

-Air Relative Nu;,idity Comfort: winter: Cold, lerate 

working: 50%-60' -LIMA zu-er: Hot/ii.uid 

resting: 401-70% winter: Tempera te/Hu-id 

The matriA is for general reference and 

does not incluil oth-r factors s.ichas: 

-MEI.LIN 

-AREQUIPA 

su-or: 

winter: 

summer: 

notmederate 

Hot/ModeratO 

Temperate/Dry 

rates of air movement and th, effect o' 

radiant heat that will affect comfort con­
winter: Tenperate/Hutid 

TE.PERATURE 
,W;14IR PF;i' S '.,::R FAiL ditions. 

HVI 37C___ 

CW:rchl 21C 

cc 
- _____!--

CLIMATIC ZONES 

- - tPRY AIR RELATIVE Hl:!:IDITY HUMID 

IiUMIDOITY. .0, -0 3-0 "7"0 .;. ' 

. . . .. ... -F C . 

,A, I' 
_ _ _ _I 

6 °F - 20C HOT 1--0 
RAINJ 

3,Go1- . /' "! -­ 4 

Ii 

Y 
7EPEAE"? lPT-dA7F.'T 

0 1.11 
0.N 

______._" 

I -

1 I COLD DRY COLD - MODURA7TE COLD HiUMID 



The following matrix CLIMATIC FACTORS, WINDS, STOH':5, FOG, :AD;PNESS, TEM.EFTUFZ WD :elocity car.et e.. el Ly tteSrCF? SCALE. DA.MrNESS is characterized by moisture, hvsn-


DWELLING E.VIRONMrjENT EUtENTS, BASIC CCN- ItFITFSIO.IS may be critical and should be idity, and FOG by at -opheric saturation
 

TROLS (fig I ) shows different dwelling studied, particularly in relation to other --JI.tA 1- - . with -irture, hur-dity.
 

environment ele7.ents, clim.atic factors conditions such as: views, flooding, dlust/
 

affecting them and the basic controls of dirz, smoke, fues, odors, noise, an.1viLra- -.;,1-:4 c- ;'-1 -',-r Areas sbJect to -t*t.f vE'RSIONS,
RA7PE 

these factors: Orientation (0), Design (D), tins. r - 3-t which result in hazardcis air rollution, 

Materials (M). The matrix e-phasizes the - .5 b '5J should b.? stndael carefully. Identification 

imporance of orientation and design in In many areas it is inmportant to check: -5tz (4-72 ruch d,,r of the major WI.D direztions, particularly 

climate control. Materials are basic con- -Direction, Speed, Frequency of prevailing those a s-ciat-, with in'ersion conditions. 
trols only in the cases of walls and roofs. WInnDe,5 Ps.et tS.e:'.Mcs ty winds of un- can indicat- the best ventilated sites. 

-Frequency, Duraticn, intensity of FOG, usual force or directior, which are often site located to the windward of the urban 

DAMPNESS, TEMPERATURE INVERSIONS. accompanied by rain, snow, hail, thunder and air pollution sources will minimize the 

lightening, or flying dust/dirt, pollution hazard to the development. 123: 

p.C4]
 

CLIMIATIC FACTORS, 
DWELLING ENVIRONMENTS, 

BASIC CONTROLS 

CLI'T_ _,_C FA_:-___s________ EL__:_.ENT3 

1:LI:.--NT1S 

SUN T:Zn'ZkA7.lc 1 UM:DiTY WINDO RAIN 

WALLS O M 0 M 0 D 0 M 

OPENINGS 0 0 0 0 D 0 D O D 

Poor D X D .4 D 

OVERHA,NG 0 D 0 D 

SUNBRLAY.ERS o 0 

SCREENS 0 r, 0 0 0 D 

SHRULS, TREES, ETC.- 0 0 0 

LOT 00 0 0 

STREET 0 0 0 D0 0 0 
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DESIGN ISSUES/GCALS 

SICL.ATIC
I CLI~n'7lC N',JE
I 3te 'Ciin;..t~C 

Zcns chart s;; T 

FAC7ORS AFFECTING CLIMATIC ZONEd 

PA-,TUR HU:.u1DITY 'N fl RAIN 

HOT - Dy ir.inize 
exposuire 

Petard inward 

flow of heat 

-cc iional 

protcCtion. 

wind and erosion 

OT - HUMID IDE8 

I 

IDEM Reduo eff.cts by 
pronoting air 
mov fltan 

IDrm OCa,;inaI pro­

tecton 
Tf. ,n t co-iined 
r!(rctz;t rain-­
w: nd; 
TO permit n-xi­
mum - npnno to 

' 0lth ai ry
Asin,, erovion 

COLD - D RYtard 
exsuro 

outward 
flow Of eat 

.Occ,1oal 
protecton:­

cgisold 

Iwindand erosien 

COLD - IIUMP.D 

S 

1D0t IDE? c¢.,.,jnal PTO-
I.*cfton~: 
Altiraft combined 
eifecte$ rain­
wlmd 

Protetionagainst erosion 



CO:;SIDErAT IO;SEVALUATIOCN/PLANN:UExarples ± 

-STRUTCTUPZ5 (EXISTIN-G) : buildings, walls, 

STRUCTURES, fences. culverts, bridges , roads, railways, Structures. eas.:.. c:.t /r.vitule... rights-of-

EASEMENTS, RIGHTS- utilities, etc. way = y exist on t!'. tte and their effects/-

OF-WAY -EASE~z*NTI : (elevated and uinderground) imrplications should LA considered. 

DEFINITIONS electric power lines, telephone; (under­

ground) sewerage, storm drainage, gas, -STPUCTUPES (EXiST; ) , ASFMENTS, RIGHTS-

STRUCTURES (EXISTING), EASEMENTS, RIGHTS-OF- water supply; conservation; scenic, oper. OF-WAY - (site plan; - Characteristics to be 

WAY space; etc. identifie'3 for each: 6xisting Structure.
 

land area controlled by Easersent, Right-of-way: description and lo­-RIGHTS-OF-WAY: 

STRUCTURE (EXISTING) () - sonething con- future or present transportation pathways. cation, positive and negative conditions, 

structed or built (on the site), influence in layout. 

EASEMENT() - servitude: a right in res­

pect of an object (as land owned by one per­

son) in virtue of which the object (land) is 

subject to a s;vcified 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 thoroughfare
 

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 lanl used by a public utility.
 

MOTES ;
 
(I) An r-ss5:.r sup- lt: 3) 

-An *caxcrei rit of uec, intccvst. o r d ege
 
(shsrt of onvnc.;hxp) in jlanr'. ,r -Iy a-w:tec., such
 
u1 an e f of o
Isr. i-,t, o:,la'i.,r. ­

, 

right-of--i.. 71-Y I.,j I,;zu. i-7t - -- l in
 
tire d;,;c -,-nt,:.:n t ',' ns .,;rr,.t.
 

-C ans'~r~at~n trF-'- t: an "I,rIt a: ;it'J by the
 

pulia-A -. ,'-f.: vp-f privately o -dri 
for reczvto i . or is rercct th,' use of
 

private land in order t, r-- ccrrcs spac and
 
pro:t:t rertal- s-t s-ucavs. roc, ear-ents
 
are negative, rrccning the ourer fro, using his
 

land fo cecified par-oscn s-c, as e,ctinq a bill­
hoard o. cutting trees; and, norc are positive, such
 

ass-ater access or hiklng ear-eresrs.
 
-Scenic faseesni: tte grunt h- a lAndoecr to a
 
road agency of the right to use his land foc scenic
 

"hanceent. This easeest bars the owner fros
 
changing the use or appearance of his land without
 
the easement holder's consent.
 



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

WATER SUPPLY 

DEFINITIONS (See: PLANNING CONTEXT: WATER 


SUPPLY) 


EVALUATION/PLANNIN;G CONSIDERATIONS 


Alternatives for supplying water to a site 


are the sane 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: 119: p. 20] 


-Connection to an existing distribution net-


work. 


-Development of a new central distribution 


network. 


-Development of individual water supply sys-


tems. 


Since the systems for water collectson, 


transportation, treat-ent, and distribution 


are planned/provided/regulated by national/ 


regional agencies, the developer is primarily 


concerned with the available supply of water 


for distribution at a site. Connectien to 


an existing distribution system is most de-

sirable. If the site cannot be zonnected to 


an existing system, the possibility of a
 

central system should be explored with the 


appropriate authorities, Individual water 


supply systems are generally not appropriate 


in trban situations, 


The availability of water supply at a site 


should be analyzed/evaluated to determine 


its suitability/consistency in terms of the 

following existing and/or projected condi-


tions:
 

-CONNlECTION - (urban area/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 


dotermined: Quantity, Pressure in relation 


to demands. 


-QUALITY - (public health authorities) -


Conditions to be verified: Water source, 


system protection; Bacteriological quality; 


Physical characteristics; Chemical charac- 


teristic. 


-O.ERSIlP/COTRO./ADMIuItTATIC; - Condi-

tions to be determined: Naes, Addresses of 

local agencies; Type of control: Private, 

Public; Efficiency of operation, maintenance, 

SANITARY SEWERAGE
 

DEFINITIONS (See: PLANNING CON-EXT: SA-I-

TARY SEWERAGE) 


EVALUATION/PLeNING CONSIDERTIOS 

Alternatives for sanitary sewerage collec-


tion and disposal from a site are generally: 


[19: p. 	1062 


-Connection to an existing sewer system.
 

-Development of a new coo: unal sewer system. 


-Development of individual sewage disposal 


systems. 


Since the systems for sewage collection, 


treatment, and disposal are planned/pro­

vided/regulatod by metroi,-litan/municipal 

agencies, the developer is primarily con­

corned with the roams of sewage disposal 

avaiIable at a site. The connection to an 

existing sewr syst-:i i5 most desirable. 

If the site cannot b connected to an 

existing system, the possibility of a com­

mnal syst.m should be esplored with the 

appropriate authoritie. Individual sewage 

disposal systems are generally not appro­

priate in urban situitions. 

The availability of sanitary sewerage at a
 

site should be analyze3/evaluated to deter­

mine its suitability/adeqgacy in terms of
 

the following existing and/or projected con­

ditions:
 

-CONNECTION - (urban area/site maps, charts) 

Conditions to be determined: Possibility of 

connection7 Distance fro. site to main; 
Costs of connection, piping from site.
 

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

determined: Flow, Velocity in relation to
 

the loads.
 

-OWERSIP/CO:TROL/ADMINISTE-T.OW - Condi­

t-Lionsto be determined: Names, Address-s
 

of local agencies; Type of control: Private,
 

Public; Efficiency of operation, mainten­

ance.
 

http:OWERSIP/CO:TROL/ADMINISTE-T.OW


STOP4 DRAINAGE
 

DEFINITIO S (See: PLANNING CONTEXT: STOP 


DRAINAGE) 


EVALUATION/PLAM.MING CONSIDERATIONS 

Alternatives for storm.water collection and 


disposal from a site aze genera'lyz (8: 


p. 483 


-Connection to an existing storm drainage
 

systen.
 

-Use of existing natural streams/valleys.
 

Since the systems for stormwater collection
 

and disposal are planned/provided/regulated
 

by regional/metropolit~n/municipal agencies,
 

the developer is primarily concerned with
 

the means of stormwater disposal available
 

at a site. The connection to an existing
 

storm drainage system is most desirable.
 

If the site cannot be connected to an exist­

ing system, the use of existing natur-1
 

streams/valleys should be explored with the
 

appropriate autho rities.
 

The availability of storm drainage at a site
 

should be analyzed/evaluated to determine
 

its suitability/adquacy in terms of the
 

following existing and/or projected condi­

tions:
 

-CONVECTION - (urban area/site maps, charts)
 

Conditions to be determined: Possibility of
 

connection; Distance from site to main;
 

Costs of connection, piping from site.
 

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

determined: Flow, Velocity in relation to
 

runoff.
 

-OWNESHIP/CONTROL/ADMINISTPJ.ICN - Condi­

tions to be determined: Names, Addresses of
 

local agencies: Efficiency of operation,
 

maintenance.
 



21. ELECTRICITY, 
STREET LIGHTING, 
TELEPHONE, GAS 

STREET LIGHTING TELEPHONE GASELECTRICITY 

(See: PLANNING CONTEXT: TELE- DEFINITIONS (See: PLANNING CONTEXT: GAS)
DEFINITIONS (See: PLANNING CONTEXT: ELEC- DEFINITIONS (See: PLANNING CONTEXT: DEFINITIONS 

TRICITY) STREET LIGHTING) PHONE) 

EVALUATION/PLVNING CONSIDERATIONS 

CONSIDERATIONS EVALUATION/PLANNING CONSIDERATIONSEVALUATION/PLAIINING CONSIDERATIONS EVALUATION/PLANNING 

Since the systems for gas collection, trans-


Since the systems for telephone switching portation, storage, and distribution are
 
Since the systems for electricity genera- Since street lighting is planned/regulated 


and transmission are planned/regulated by planned/regulated by national/regional/met­
tion, tran.mnibiun, and distribution are by inetropolitan/municipal agencies and, in 


planned/regulated by national/regional/net- virtually all cases, provided by the local 
 national/regional/metropolitan agencies and ropolitan agencies and provided by public/
 

ropolitan agencies and provided by public/ supplier of electricity, the developer is provided by public-private companies, the private suppliers, the developer is pri­

private suppliers, the developer is pri- primarily concerned with the availability developer is primarily concerned with the marily concerned with the available supply
 

at a availability of telephone service at a site. of gas for distribution at a site. 
marily concerned with the available supply of electricity for street lighting 


of electricity for distribution at a site. site.
 

The availability of telephone service at a The availability of gas service at a site
 

analyzed/evaluated to doter- should be analyzed/evaluated to determine
 
The availability of electric service at a The availability of street lighting at a site should be 


its suitability/adequacy in terms of the
 
site should be analyzed/evaluated to deter- site should be analyzed/evaluated to deter- mine its adequacy/quality in terms of the 


mine its suitability/adequacy in terts of mine its suitability/consistency in terms of following existing and/or projected condi- following existing and/or projected condi­

tln:tions:
 
the following existing and/or projected con- the following existing and/or projected con­

-CO'NECTION (utility maps, charts) - Con­

ditions to be dtermLnd: Distance fron. -COrNECTION - (utility maps, charts) ­
ditions: ditions: -

Con­

(utility maps, charts) - Con- site to transmission lines; Arrangement of ditions to be determined: Distance from
 
-CONNECTION - (urban area/site maps, charts) -CONNECTION ­

cables: Overh.ad, Un!erground; Costs of site to mains; Costs of connection, piping
Conditions to be determined: Distance from ditions to be determined: Distance from 


site to power lines; Costs of hookup, trans- site to power lines; Costs of hookup, trans- hookup, transmission to site, 
 to cite. 

mission to site. mission to site. -CAIPACITY - (charts, tables) - Amounts to 

missionCOtoL/D missionbedetrmne: o resuesite.aiositTe, to 

-CAPACITY - (charts. tables) - Conditions to -LIGiTIV.G - Con,jitions t b, Condi- be determined: Volu'e, Pressure in relation 

be determined: Demand peak: Frequencies, along approach routes: Level of lighting, lions to be determined. Names, Addresses to Jcmnds.
 
of local agencies; Operational efficiency
 

Duration, Power consumption volumes; Average Spacing of luminaires, Height of mountings.
 
in terms of: Switching, Tiansnission. -3YSTEM QU;LITY - Characteristics to be
 

power usage.
 

checned: Safety of the network in relation
 
--rriERSH IP/INSTALATIO:/O0cR-TION - Condi-


-OWNERSHIP/CONTROL - Conditions to be deter- tions to be determined: Names, Addresses of to: 
 Ale, maintenance. 

mined: N&Ies, Addresses of local agencies: local agencies; Type of control: Electric 

Type.of control: Private, Public, Coopers- utility, Municipal; Reliability of service. -OWLANHIP/ORCANIATIUN - Conditions to be 

determined: Names, Addresses of local
 

agencies; Type of control: Private, Pub­

tLive,Industrial; Standard of Service: 


Reliability of service, Quality of service, 


lic; Efficiency 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 

REFUSECOLLECTION 


FUSEOLL..C.ION) PLAi.oCOr:TEXT: 


EVALUATO o/PLP0ING CONSIDEATIONS 

Since refusC collection and disposal service 


is planned/regulated by metropolitan/munici-

pal agencies and provided by public/privato 

collectors, the developer isprimarily con-

with the methods of refuse disposal
cerned 

available 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, tables) - Quantities
 

collected to be determined in relation to
 

those produced.
 

-QUALITY OF SEFVICE - Conditions to be de­

termined for each material collected: Cost;
 

Freqiency of collection; Preparation: Sep­

aration, Sepcial treatment, Storage, Loca­

tion of receptacles, Quantity limitations.
 

-RF.SPONSIBILITY/CONTROL - Conditions to be
 

determined: Nar.es, Addresses of local
 

agencies; Type of collection responsibility:
 

Government agency, Contractor under contract
 

with government, Contractor under contract
 

with refuse producers, Producer of refuse.
 

26. 	HEALTH GOVERt!MENTAL/MUNICIPAL
 
27. SCHOOLS, REGULATIONS
 

PLAYGROUNDS 31. MASTER PLAN
 
28, RECREATION, PARKS, 32, ZONING ORDINANCE
 

OPEN SPACE 33, SUBDIVISION
 
29. OTHER COMMUNITY REGULATI ONS
 

FACILITIESREUAIN
FACILTIES3., BUILDING CODES
 
34..BUILDING CODES
 

30. 	BUSINESS,
 
COMMERCIAL, SMALL 35. TAX STRUCTURE
 
INDUSTRIES, 36. OTHER
 
PROFESSIONAL
 



PLANNING CONTEXT Circilation 41. EXTEROR ACCESS 

Guidelines for Development 42. INTERIOR CIRCULATION (Modes, parking) 

Utility 43. WATER 
-

Land 33. LAND USE: RESIDENTIAL nfrastrcture 44. SEWAGE 

Development 34. LAND USE: BUSINESS. COMMERCIAL, 45. ELECTRICITY 

INDUSTRIAL 46. TELEPHONE 

35. LCJD USE: SCHOOLS, PLAYGROUNDS, 47. REFUSE 

PANKS 

36. LAND USE: .ISCELLANEOUS Time 45. DEVELOPMENT MODE 

37. INCOME SECTOR 

38. INTENSITY OF 
USE 

39. LAND TENURE 

40. LAND SUBDIVISION (Basic residential Soejo-Economic 50. FINANCIAL PLAN 

layouts) Political 51. SOCIAL 



33. 	LAND USE:
 
RESIDENTIAL
 

In any urban settlement the greater part of the land is
 

used for residential purposes (around 50%). which means
 

occupied by the-dwellings and their grounds. 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 number of people per dwelling (or number of
 

people per family).
 

It is irportant 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 REOUIRED
 

(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/COtMMERCIAL/INDUSTRIAL
 

DESIGN COrSIDEPITIONS:
 

In an urban vettlcofnt the business. cc,-rerecal and
 

irdstrial us-s ordinarly take a sall part of the 

lanj (around 101). It is P'A 2 IAhID nd may grow at 

the enperr of resident a] land. it is very coeon that 

at snall scales. . prt of the d eline is for business­

ecorercial, s-all industry or businos, ccmmercial, smal 

industry biildin-s, contains a dw'linG: at large
 

scales, business, curnercial, occupy the ground floor an 

apartoents occupy the floorr aLcve also the complete lot 

.n short: land 	for business, coc-rcial, small industrie 

are a snall percentage of the whole settlement and, in
 

addition, can be-intearated in a building with dwellings 

As a consequence, TiHEDETERIMINATION OF THESE AREAS IS 

LESS CRITICAL THAN OTHER AREAS--ONLY 'HE LOCATION IS
 

CRITICAL.
 

VOTE: 

(Charts No of 	inhabitants
 

Area of B. C. I.
 

Area of B. C. 1. la/1000 inhabitants
 

Include: 	 Planning design interim figures - pg. 189­

231-232. 

Also Super Manzana - Germany - San Juan 

Make comments - should be-incremental values 

German 
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The accompanying charts show different sets of SITE 	 The building site includes areas for buildings, adja- When possible, it is convenient to CO3BINE BUILDING
 

cent spaces, buffers, parkin,, service yards, and SITE A;D PLAYGPON;DS becauset
STANDAPDS for Latin America, U. S. A., England and 

information on: Supporting population: type of facilit) landscaping. Playgrounds incl'!e areas for sportsfields 1) Facilitates the use of playgrounds, which although 

pupils: grades, age, number: areas: building site, Building site and playgrounds include combinations of it is a co-unity facility, it is mostly used by 

playground, building site and playground: location, 	 both areas but are not necessarily an addition. t-heschool childrent 

2) Toilets, showers, and locker facilities can be
 
shared;
 

3) Per-its a reduction on the total area which is not
 

source. 


possible when the two facilities are separated.
 

SCHOOLS SITE STANDARDS
 

AREA 
SU~rOTINGPUPILSEUPPOHTO;:G

POPULATIONI 
(PEOPLE) TPE OF FACILITY 

PUISSITE 

2 

PI3YCRDUNO
PAGDN 

2_ 
FiE: "'y :?'DV: D 

LOCATION NOTES 

GRADES AGES PCOULA- :UMPFlP Ha m2/ .a M ia 

750 Kindergarten C.30 16 Latin SOURCE: Proposed rinimum standards agency for 
Prirary School 5-14 25% lea 0.60 3 America international developent-Washington, D. C., 

2,500 Primary School 514 25% 6255-1 21252.rD 
1.0916 
32 

1966 

7,500 
7,0

Ides 
dm2% 

5-14 

5-14 

25% 

ri25t 
,,(i) 

75 

) 

3.C0 
6.00 

6.00 

16 
32 

16 

(1) More than one school 

15,000 

7,500
15,000 

Ide 

Sports Fields 

-3,750[ 12.00 32 

600(1) Infant Park 	 17 0.05 Central SOURCE: :Norr-s Miniras Urbanizacion centro
 

5-6 5% 30 0.5071 America Interu.ericano Vivienda y planea miento-Bogota, 
. 17 0.50 17 Color2ia, 1968.6002) Ide 5-6 5 


6,P000
2 )  

Frimary School 7-14 204 1,200 1.00 8 1.00 8 2.00 16 (1) Estimated 100 families
Sports Ground
 

6,000(0) Parks 0.50 0.50 (2) Estimated 1600 families
 

30.000 
(3 )  

Secondary School 15-19 10% 3,000 1.50 5 	 1.50 5 (3) Estimated 5000 families
 

) 

30,000'3 Parks
 

Sports Grounds 
 2.50 2.50
 

2,000 Secondary Schools 15-1 9 200 0.34 117 004 1 19 Latin SOUPCE, Edificios para Educacion media en
 
2.000 Seconary Shoos15-	 000 3.4 17 0.40 ] 3.60 19 ~-merica;erica Latina CONESCAL-exico, 1966 

20,000 d.151200 3.0 1 0.01 	 11 

(I )  

800 Kindergarten 5 6 60 n.023 4 0.023 -4 olo.ia SOURCE: Provecto Sogamoso-Paz de Rio-CINVA­

nri Bogota Color-ia 1956
 

4,000(2) Pririry School 7-14 59 (2) 100 families 

12,000(2) Secondary School 1 15-19 450 1.25 28 1.25 28 [2) 600 failies 

Schoo * I I 	 C 6;CF:Estud.os Esquemas Ejcmplos E .. culas 
5,000 Primary School100 	 0.4 0.0 1.2 12 Vene=ucla ri- s Ministerio Educacion-Venczuela 1963
 

http:Estud.os


AREA !
SUPPORTING PUPLS SE pLAYGROUND _ PL7I.; T 
POPULATION TYPE OF FACILITY 2,MaMa L LOCATION NOTES 

(PEOPLE ) % H.5 u2 2
GPADES AGES POPUA- 2
 Ila 


S -(1) 3 U.S.A. SSURCE: The S-hool-N.L. Engel Hardt, Jr.
 
1,600 

( 
Nursery School 3-4 40 . .A rchitectoral Fcru
 

- 1 1 (1) Estirated 400 families
Kindergarten 5 ­

400 Eemontnry School 6-i i 6-6 200 15 1.20 15 2001) 25 SOURCE: Proposed Standards Public Educational 1.20 

5,400tar Schoo 
 1-6 1 .5 2141 

( I  
I 5 Facilities De troit City Planning Commission­

16 000 Junior H!oh 7-9 2- 03 4.00 33 12.C0 100 16. C 133 Detroit 1960 (1) Coobined Use
scoo' 

16,000 u 6 200 0.00 66 16.00 133 ,so .0o 166 (1) COmbined Use 

10,-1040 % j 14 0 8___ 6., _0 3__.ooo
 

34,000 Senior Hiuh School I0-12 15-17 lio 6. -In 30 12.00 1 0 0(1) 90
 
40,000 tti200 12." 60 [ 16.00 20 110
2:00 


__________- 50-.1 U. S.A. .OURCE: Professor Ho-,rd, Department of City 
Ele.entary School E huurb.n j. P Planning,- I.T. 1969Uran 5
 

Junior High School Suhurban 100 

I j 19S _o_ _ 1 _ I _Senior High School ' 

2,500 lursery ___1___ 4 0.10 1 E;___ London10 2 LONDON OUhOCES:Greater Plan,194 

trJe -y School jAbercromrbie.5,000 Poo(infant! 175 O.BO 1 45 0.40 22 1.20 16 London, 1§45 

jur0rry1ccol z oo 28 1.20 42 2.00 71 

I __L 
50,000 S .... -rL'nchool I 27 0032u32ior)4.0 4
 

20,000 ( o. c.) I 410 1.20 26 0.2 111 6.40 142
 

_., Go -",- 450 1.Z0 26 . 12 I 6.40 142.,,, 


30 , 0 0 0 ( t c ; l a }2 7 0 0 .8 3 9 _2 3 .2 1-8 4 . 0 0 1 4
 

60,000 ..... ryr .360 0.80 122 5.20 144. 2214.4 

60.000 { ry rx 363 - ­t 1 

60,000 Your ieoplo i 2-0 3.6 133 5.4 237 101 370 
o 1 0ee ColleIgnca
Te~o ! i - ___ ______________ _____,oh.lcal College ­



__ _ _ _ _ 

The accompanying chart surarizes the preceeding charts 
 As the chart shews the difference in physical standards iN SEC:!DNDY SC]tCeI.S:The area per pupil in-Latin 
and permits a comparison of different sets of site (site areas) bctween Latin A ,erica and U.S.A./England A-erica is more th.n 12 tir-essr,-ller than in U.S.A./
standards for-Latin America, U.S.A., and England for is quite renarkable. 
 Enaland: Latin Xerica - 19 2/pupil; U.S.A. - Junior
 
supporting population of 60,000 people. 
 2 j Prs'hool 133/16m/pupil plus Senior ligh School 

IN PRIVIARY SCHOCLS: Latin America 16n /pupil; U.S.A. 90/* .'m2, 2 
25/5052~~ ~ro~n ;uil; Kn-,andec, l(London)2pil. Schoolarea perEngan l~s/l 'chial /pil.-ModornOveral 142m25/50.2/pupil; England (London) 71m /pupil. 


):uil for a surrtnr.; poi-lation of 60,000 people:
 

Latin %-erica 22o/psp1; U.S.A. 70n /p-pil; England
94m2 /i7pi 1. 

SCHOOLS SITE STANDARDS, (SUMMARY)
 

2 T

1 TYPE OF SCOOL- 3 4 5 
LOCATIO YP or PUPILS 1:1 :UM,.n OF 

6 
TOTAL NUMER TOTAL AREA PL,I 

FACILITY EACH SCHOOL SCHOOLS OF PUPILS Has n/ 1 ,, NOTE_ 
AMERICA Infant Park (1) 6. so 5
(Central SOURCES: () Nor,as mininas Urbanizacion-Centrc
 

itera rsc.nnColc V'vscnia y Plar.eaniento-Bogota-­ia-1969-Paiscs Centro ;oericanos.
Am(r~ca) Primary (1) 1200 
 10 12,000 
 20 16 (2) Edjflcios Para Educacion Media en AXerica
 

Latina-CONESULL-Mexico-1968.
 
Parks (1) 5
 
Secondary (2) 2000 3 
 6000 1140 
 19
 

Parks (1) 
 6
 

TOTAL 
 63 21,000 46.40 22
 

U.S.A. TOTA_ _ _ _ _ _ 

UDtot 
 0 1600 
 SOURCES: (3) The School, N.L. Engelhardt, Jr.
E}eoentary (4) 4 0 0 9 A,..hitcural Forum
(4) Proposed Standards, Public Educational
 

E1.ecnt1r 60301
(400 
 25 Anciteral Pru,

Facilities, Detzoit City Planning Com.ission, 

Junior High (4) 3 _ 60 166 Detroit 1969.1200 3600 


Senior High (4) 1500 
 2 3000 30 100
 

TOTAL 
 60 17,200 120 70
 

EN4LA0D 
(London) 

Nurcery 
rSOrRCES: 

(5) 4 24 - 960 2.40 255n 
(5) Creater London Plan. 1944 

(_infant_)
Prinary 

(5) 

(5) Pr+ay 1_5 
280 

-ri , ry252 
(1 

2100 

3360 
14.40 
24.00 

68 
71 

Abercrombie, London, 1945 
The same source also included a young people's
college and a technical college with total of0 H|as. 

(junior)
Secondary (5)14(boys, modern) 450 

12 
3 

_________ 

1350 19.20 142 

Secondary (5)
(cirls,rodern) 450 3 1350 

19.20 
142 

Secondary 
technical) 

(5) 
270 2 54f 6.00 148 

Secondary (5) 
(boys, grar.ar) 
S e c o n d a r y (5 ) 
(girls,grar.,ar) 

360 

360 

1 

1 

361 
3 

360 
1 

5.20 

5 .2 0 
5.20 

1 

1 4 4 
144 

TOTAL 10,380 97.60 94 



16 Modules x 9=144m 	 - 4 3 od e- .- r.lod~9X1-
SCHOOLS SITE SKETCHES ±6 Modulesj-4M1 	 t 
CR 2 stories
 

30 classrooms x 40 pupils - 1200 pupils KS 	 Soccer-playfield 
9x4SoI miniu 

EIZLMETARY SC6QOL (Latin America) 	 I 

Module - 9.00 meters 

Typical classroom - 9 x 9 M. iCT 

Site area - approximately 2 hectares first 

16 m
2
/pupil 	 Eto
 

Il
 

The orientation shown is for the following x E 

I 	

II 
climates: 	 . 4-0 ar 

_ _ 

IiO'/TEMPERATE temperatures Cr
 
DRY/MODERATZ humiditiec [J ory
 

The orientation provides maximum protection CR2s-r­

from the sun to the classroom openings. 
 I l0l t I
 

CT C-7 P-30 Cars. 

-ill lllli'lF Soccer-payfield E<0 _Y= " 	 mnim unCKEY 	 90x45m 
. 2 stories
 

E - Entrance 

AD - Adrn istration . . . . . . . . . . . . . . . CS
 

CR - Classroom
 

CT- circulation, toilets
 

GAcm - Gymnasium, auditorium, cafeteria.
 

multi-purpose room
 
KS- Kitchen, services o10 so 100 i
 

P - Parking01 
 R10. 

17 Modules x 9-153M
17 Modules x 9-153m-


Cr 2 ste-irs CPR2 tories 	 -0Cr
 

I I 	 E--­

r_
LF]if !__ 	 --

CCT
 
-__________________xI 

I I l
 
I I - S i lA. 	 = __ _ 1 __11 ~ 



di 
c 

r
.
 

.
.
 

.
.
 

.
.

.
.


 

0. 
C

 

4 
v
 

10
 
u

 
0 

I


 

.
 .
.c 

c 
..

t 
i
 

i
 
0
 

z-



A0
 

ol 
0
 

4. 
0 

0
 
0
 

0 

Z
 

l
 

I
 

W
 
i



I
0
 

0
 

I
 

C
 0

t 
W

 
0
 

w
 

A
 

C
U
0A

i-
.-

4
4

4
 

zO
.

4 
o
4
-

0
0.0 

1.44 
c. 

0 
tn

 
Q
 

4
d

H
 

0
C

 
: 

A
. 

r
 

0 
0
 

1
 

0
 

0
 

4 

0
 

I
 

0
 

j
 

1
 
:
l
 

i
 

>
t
i
 

c
i
 l
 

l
u

a 
R
n
 

r 4
4

 
'
n
 

0
 .0 

0
 

0 
o
 

,
 

w
 

>o
 

>
M
.
0


 

U
)

0
 
w
'
.
 

.>
A

 ~ 
0
 

i
•
 

0 
l
;
 

-
i
 

04
 
0
i
 
:
 
n
 

1
.



0
 
•



:
 

•
i
n
 

:
 

:
 
a
:
 
c
-
V
 



Hm
 

O
 

43 
0
C
0
 

V
 
W
 

W
 

0 
:
0
r
 

0C
 

I
4 

Z
k 

OA
H

 
I 

l
U
0
 

'
 

0 
44 

44.4 
2
 

4
4

 
c
0
 A

 
N
.
 

i
 

4
v14 

>
4444.. 

.
 

4
4
.4

4
4
d
 

.
 

-
U
I
 

4
4

)0 

O
d

i 
)
e
 

0 
U
 

.0 
4

4
4

4
 

U
i
n
 

4
.U

~
 

4 

-4'0t4 
4414. 

44104 

0
 

v
 

0•
 ~4444

'
*
0
 
0
 

0
 

u
 

u
•
 
.
 

0
,
 U
 

0
 

­
w

 
0 

0
 

0
0
4
 

fU
 

m
 

4
4
.

m
 

C
4 
-
n
 

a
4 .0. 

.. 
444 C

,"E
 

d
i
:
a
 

'.'di'4
1 0 

4* 0 
04. 

t
;
.
.
0
.
 

t; 
A

 
100 

-0 
S. 

1
0
*
w

 
" 

0 
d
I
:
:
 

.4
4

1
 

.
.
 

.0 
ty. 

0
C

a
-

4 

C
4 

4
 

U
 

F
. 

M
O

4
4

Q
.0

 
4_

~.40 
o 

o
l 

0
 

0
4
4
 

0
_
1
a
 

0 (
-
0
.
.
 

n
 

4
 

44 
a
 

a
0
 
4
 

V
, 

u44. 
cc 

C
 

c 
c' 

c 
m

l 
44a 

.4
 

4
4

 
4H

 
=

~
 

0 
4 

xlO

 

0
 0
 
c
 

0
 

4
4
 

0
r


 

M
o

 
4
; 

c
 

I..' 
i 

0 
0
 

~ 
.. 

I. 
r:.4

..' 
0

 
t4

 
4
4
-­

. 
d
.
 

.
4
 

.
 

.L
d

-1
 

C
d

 
'
,
4
 

'14 
"
C
 

'
,
'
C

1d
4
4
.
.
.I 

0
's

1Ir4 
.4

 . 
C

44 
P

d 
O

W
 

A
 

004 
4
4
 

4 

> 

0
4
 

0 

0>

40 
044 

a
4
 0.4 

di 
0. 

W
d
 

4 
4 

z 
r
 

0
I
 

k
l 0
 

co 
ou 

N
,
,
 

11 
al ,

a 
Q

 
,
,
 

C
)4 

0 
40 

014 
4
4
 

0
 

' 
~ 

H
~

 
4
 

u~4 

46 
-A

 
di 

In 
0 

1 

4
 

4
4
 

-
-4

 
G

i 
C

A
w

 
0 

4. 
0 

44:
w

4'. 
144 

4 
~ 

E
 

C
L

4'I 
4 

0 
> 

. 

-
0 

0 
f'. 

r 
0

11.4 
4

4
.:3 

. 

44~
~

 
C

 
d 

q4 
.4 

U
 

U
'
0

0 
'444. 

> 
0 

0.0 
0 

44 
.

4 
_0' 

C
4 

C
4 

0 
0 

'a 
c4 

44 
0

d
i 

C
4. 

.44 
.

8 
d 

4' 
0
4
 

0
'
 

k
4
4
 

4
4
4
 

M.1
 

.014
 

0
'4

f 

v 
u

 
0
 

C
 

444.. 
0 

c 
0 

~ 
4

.'0
4
 

0 
o

 
C
0
 

4
 

44 
O

~In 
C

, 
0. 

O
'

~~~ 
.. 

C
4
.
"
 

,
+
 )
 i
 
.
0
 

.
T



C
, 

0 
tm

4R
44 49 

C
O

)
0. 

0
 

w
 

1' 
H

 
(-0

 
0 

.-
08 

o 
u 

C
L

M
u 

I 

0
 

. 
a
m

I. 
. 

" 
. 

-
, 

* 
.

. 
.,.. 

. 
.

--
-,."-

a 
w

 
w

 
w

 
r 

­



38. INTENSITY OF USE
 

DEFINITIONS:
 

The INTENSITY OF USE (or DENT2-?) Indicates the number 

of lots/persons/families per 'it in a subdivision. 


The density of a residential s-bdivision must be within 


a certain range of accepted standards that will ensure 


an efficient, economic, and functional development, 


DESIGN CONSIDERATIONS: 


A TOO LOW DENSITY does not allow intensive development 

of commercial areas to justify their inclusion; a 

higher density will allow better land utilization. 

-

POPULATION, DENSITIES, AREA REQUIRED 
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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 amng 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 OWNERSHIP, where the exclusive right of 

control and possession of a parcel of land is held. 

2. 	LAND TENANCY, which is the temporary holding or
 

mode 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
 

TLNURrCOM
UDTYPE DESCRIPTION/DEFINI.TION 

AN , 
-­,CAL 

1 
'OUALIFICATION A':.-I DpGI:E OF TENUR!N CON;STRAINTS 

CAPACITY TO CHANGE 
W T_ _ _ 

FwEREOLD 
FRRE 
SILE 

iihost form C 
hos the laldst 

for thc lr.cst 

personal ownership: the owner 
possible quantity of rights 

re.iod of time. The rights 

The absolute tenure of land to a 
person and his heirs without 
restriction of time. 

R E TATE are effective i iediately. 
to mortmage: requires 

Subject 
a division of 

All rights of owner-
ship except the right 
of State to tax. con-

Will remain until sold 
or changed in form by 
owner. Maximum 

Land held in ownerhip with all 
MORTGAGE EQUITY

OWNERSHIP 
title between the mortgagee (the superior
interest) and the owner's claim (equity 

demn, and police, flexibility. 

PRIVATE 
LAND 
OWNERSIP 

private rights except the payment 
of taxes and the rights of State 
to condemn and to police. INSTALLMFNT CONTRACT 

interest) 

A lesser form of motgage. Land is purchased 

Additional cost of 
land due to credit 
(interest) charge. 

PURCHASE LA:D 
OWNERSH(IP 

by installment 
of time. 

payrents over an extended period 

The ruht to use or profit from 
a parcel of land without becom-, 
ina the owner or formal leasee. USUFRUCT 

- Lemal pessc-sion by decree.1thon:t e: nrmo. IFexiayi ov 

2cr t. on 01 Ln esiate rvstthly owned with Transfer of portion slionof small parcels 

o UNESHIP two or more parties join tobuild or buy as one. COOPERATIVE commnon grounds or property. Condominiums maybe either vertical (building) or horizontal subjects c to approval appovinieao r area for ointjoin. 

ILLEGAL 
TENURE 

IIlleal possession or invasion 
of land in which a aovernment 
or private owner tolerates
possession. 

S 
SQUATTING 

UATTER 
U 

TENU__Eayeie 

Minimal rights to pro­
perty. Tenant may be 
peqally evicted. 

4-
HULIC 

LAND 
O WERSHI p 

Privilege of use of public rand 
granted by a government. 

I;COWPONEAL 
RIGHTS 

Easements, rights of way, licensed franchises 
for private use, etc. are forrs of incorporeal 
rights. 

Maximum government 
control. 

PENTAL Leasehoid with option to purchase HIRE System gives tenant hope of ownership and 
4ITI OPTION land at a later date. EUPCHASE encourages the irprovement of his house. 
TO PURCHASE 

6 Land for building is leased 
LAND rather than purchased. BUILDING UND LEASE 
pENT/LEASE Generally a long term lease. OWNERSHIP 

EYTATES FOR A lease havir a definite term of duration. 
YEARS 

The transfer of the limited 

: 
7 
TENANCY 

rights of possession from 
landlord to tenant in ex- LEASE 

TENAri;CYBy 
SUFFEP;CE 

Tenant remains in possession after term of 
lease expires. 

(RENT) change for payment or 
service. 

T,:;A7!CY NO dfefinite term of duration. A less secure 
ILL type of rental. 

"Lulding (structur: )'"ich is 
O R 
MOBILE 
OWN. S.i., 

not permanently affixed to the 
land may be moved by building 
owner to other site. NOT A 
F___ M OF (AN.D T'r"hR. 

OW 
O 

IP 
HI 

Building owner r.ayrelocate shelter when land­
lord demands possession or a rent that the 
tenant cannot afford. 

I 



40. LAND SUBDIVISION 


UTILITIES AND SERVICES IN URBAN AREAS 


Urban areas are expanding rapidly as a result of the 


rpaulation erplosion and rural ira::. uran 

af-ms. the provision of utilities and sevices and 

t m. one,o'f the
i i-,ntenance and operation had tece 

-m.. m',-al pr-" lm1-s, because of: 
,- th.: ,pcel. and ma.nitude o expansion: 

h. he large scale irplic.tions, involving factors such 

'mm. npulation, natural resources, disposal, poll,'tion, 


investment, operation, long term planting. 


T'r" ldy -(--f with one general. -a~sic aspect o. 
th r,hblee: the evaluation of syste: s for the distri­

,it "lertion of utilities and serv ces. 

tTTITIEI I o.;D: streets, sidewalks, sanitary and 


:.tor.-seats, water, electricity, telephone.
 
Sj:s'.;J.S ItiCLUOiT: street cleaning anl repair, main- 


tenr .2e of sewer and water systems, street lighting, 

refn -olI,.ti Collection. police and fire3, ,,. ;arba'T-

.,-rj-t,.an, rail distribution, 


litj and services systems have two c:nponents: 


or ires of 'istribution/coliection ' turks); 


b) areas served (lots or larger sectors.. 


Li-,esof distribution/collection (networks) are usually 


in the liiL of circulation: highways, streets, wal'Aways, 


which are pubiy owned lands. In fact, circulation 


defines he dltribution/collection networks of the 


utilities and services. The area served as usually 


privately owned land. The combination of circulation 


lines and area;i erved constitute the urban layout. 


In broad terms, this study presents a method to measure, 

compar. ind evaluate urban layouts as a means to achieve 
!!ronomy in the provision, maintenance ind operation of 

wuilities and services, 


Furthermore, the method illustrates clearly some obvious 


and practical facts which are usually ignored in urban 

layouts; lines of utilities and services are reduced 


when: 


a) lots are larger in area; 


bh 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 nunmorical value. So, in similar circumstances, 


different layouts will have corresponding numerical 

values &hich will be comparable and will give a direct 

value ind,x of a:zyline of utilities and services, what-


ever it will be: sr2age, water, street lighting, garbage 

collection, street cleaning, etc. 


URBAN AREAS IN DEVELOPING COUNTRIES 


In developing countries, the provision of utilities add 

services in urban areas is particularly important 


because: 


a) population explosion and rural icsmsgration are more 

acute;
 

b) one of the primary forms of settlement is squatting; 

c) site and services programs for settlements aregaining recognition in government circles. 

In squatter settlements, land is occupied, subdivided a 


and very soon covered by all kinds of shelters and 


dwellings built by the occupants solely by their own 


efforts and resources. 


It should be emphasized that the construction of a 


shelter can be done within the limits of individual/ 


family resources and initiatives, bcause used, rejected 

or cheap materials 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 
minimum. 

If the provision of shelter is a relatively simple
 

matter, the provision of utilities and services for a
 
community is not; it demands more than individual
 

effort. It demands, in fact, a collective effort both
 

from the commxunity and from thz government in planning
 

and mobilizing poliric-l, economical, and technical
 
resources.
 

In z':it< c settt',ots, utilities and setvicen are not 

prVi-!" nt ait iipited initially and very soon this 
beca:ie ,:ritical m.tter. Invariably, the development 

and improvement of the squatter settlements depend
 

entirely on the community's ability to procure water.
 

sewage, electricity and other services from the city.
 

More often than not, unplanned sprawl and inefficient
 
or inadequ.:ae use of the land makes the provision of
 
utilities and services difficult and uneconomical.
 

When the latter is the situation, the alternatives
 
are: either to pay a high price for the development and
 

improvement or not to pay and let the rot-,inity stag­

ate.
 

In squatter settlements, the need for a simple method
 

of measurcrent, tomparison and evaluation of utility
 
layouts is apparent. The sooner it is applied, .2 
greater are the chances of adequate planning of layout
 

improvements.
 

The top priority in lower incone groups is not housing, 
hut aximru opportunities for er-ploymenti site andu aiu potntesfrepomn;st n 
services programs must recognize this. Therefore, only 

security of tenure and minimum urban services (water, 

electricity, 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 

b existing housing stock including slums and auatter 

settlements should be preserved if possible;
 

L) private participation (initiative, responsibility,
 

c nital) should be fully utilized;
 

d) chelowest income sectors should be reached.
 



well as in new urban
a 1 .- sitt, and service" programs as 

tles, efficient planning of utilities and services 

is important and, therefore, a simple method of 

,5v,luaLinn becomes an indispensable design tool. 

OF NETWORS
Ei:ICI,:!tCY/t'.:trTvtNEss
e I c a 1of 

13 	 :. , I Jefi ..... a. a ytei. of lines within a plane 

si.ar, oossing -: -y intervals. 

f d 	 InFigure 1: 11. 12' 13 etc. constitute the network, 

Areas at%- defined tj surfaces included within the net-


16 I I wiLt at t' .st one side tangent to the network. 

S g i 

-* • 	 In k-juLc 1: ., b, c. etc. are areas. 

Figure 1. in M 

.. e efficiency/effectiveness of a network can be defined1-WAY 	 the area(s)the network to 

the ratio of the 

length of 

as 


c:tained within, or tangent to it. In the form of an 
AREA I SHORT e-sion0002 

Efficiency of network = R-value 

network length 

areas(s) contained or tangent 


2-WAY	 2e R-value varies inversely to network efficiency, a 
5 i 2SHORT sAcceser R indicates 	 a greater efficiency and -lice versa. 

1 fI¢1ZE1EZ:f 1 SHORT it can be observed that two categories of efficiency-

E )U 1 LONG ratios can be obtained: 
a' these that correspond to each area a, b,..n, and
 
a% Lthseens thcrepo to w each area and 

2 LONG t~c scaments of the network to which each area is tan-

gent: 

1 + a a3-WAY a 1 + 12 5 I'la 4a 


a 

1 + 1 + 1
b - 5b 2b 6b3 SHORT 

I LONG 
R - 15_
 

]1 	
c 5c 

SHORT c 

2 LONG 

4-WAY 

2 SHORT
 

2 LONG 

(1) NOT INCLUDED IN MATRIX 

Figure 2. 

The fist value (R) may be defined as the efficiency of
 

a whole system. The second set of values (flu.%. etc.)
 

may be defined as the efficiency of each area ab. etc.,
 

considered separately.
 

function of
The efficiency valties (f-value) are a 


'rea, ride
 

network access (tangncy).
 
certain variables: area, proportion of the 


The matrin, which is shown in Figiure 1, is a ". -e to 

illustrate different ranges of R-values as w,', as to
 

understand the relationships .a.ng the set of variables.
 

It contains only selected magnitudes of the varia±les 

and assumes an orthogonal system: nevertheless, it can
 

be applied to any other system as well. Unite .ire
 

,xpressed in Lne metrc system: meters (mn, '.,-tares
 

ill.). The natrix variables are: 

Im2 equivalent to - - 11,12 

2 

100m e1uivalent to - Ha:
 

2 
equivalent to I l 

AREA RATIO:
 

WIDTt (1
 

DEtTI fd) 1/,; 1/4; 
1/16.
 

NETWORK ACCESS MODE:
 

the sides of the areas tangent to t:,., net­

work. The basic configurations are shown in Figure 2. 

A network (eplies at least a two directional sys .m. 

The I and 2 way corfigurations imply only a one diree­

tional systec, therefore, transverse connectors are 

added to create the network. To sim.plify the matrix, 

only transverse connectors spaced 200 meters bre
 

sidered.
 



BASIC MATRIX OF R-VALUES
 

MODE OF NETWORK ACCESS
 

200 m Transverse Connectors added No Transverse Connectors needed
 

AREA­

2 
 Ratio SHORT LONG SHORT LONG SHORT
m wld	 LONG
 

1/16applicable 

1/4 ~ ' F."7•1
 

j~~j 1/16 	 II 
(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
 

R-Values = NETWORK LENGTH IN METERS (m)
 
AREA IN HECTARES (Ha) 

Figure 3. Basic.Matrix of R-Values. 



COMPUTE 1/2LENGTH 
IN PERIMETER 

COMPUTE LENGTH 

ININTERIOR 


LOTS 


NETWORK 

STREETSAA 

fE tWO RIKR N L E N GTH Im RESIDENTIALSCTOR, Hal. 

Figure 5. Residential Sector. 

WIDTH: W 

CENTER LINE 


: NETWORK ACCESS : 

AREA 

*_ 

LOT 

o --

I U 
(. 


LI 

From the matrix the following observations can be made% 


a) the larger the area, the smaller is P;
 

b) the smaller the rumber of network accesses, the 


smaller th- R; 


c) the smaller is the ratio, the smaller is R in 1 

way short and 2 way short cases (which a-e the most 

typical cases); 

d) the I-c- the 3 ratio, the smaller is R in I way 

lonq, 2 -ay litg, 3 way short and long, 4 way cases 

(which .re not typical); 


e) com|r.lrable R .'luts are those within apptoximately 

withinf) S.." ra the ranue of H-values is still 
quite wide, as the followin- figures show;
 

MINIUM XIMI;M 

1,, 
2 

1300. 42,500 

100m 
2 

175. 4,250 

10,0011,iRAi 62.5 425n 

TIH: WIVE MN4GE OF k-V.UI;S WlTIIN TilE SAN E ARCA CLEARLY 

1IIOW: THE PRIME ItIPORT1LNCI OF LAYOUT IN QUESTIONS 

AFFECTING EFFICIENCY AND HENCE ECONOMY. 

I:VALVU OR uJDA LYOUTS.
 

Tf ,- -- ho of evaluationi presented here is a particular 


;,pp;u::.Li,. of the conce.pt proposed about and can be 

used to; :ots as well es for residential sectors. 

(ft:i.ur'" 4 are' Si. In both cases, the method consists 

a ) , t . It -o of t he H- va l u. ( u n i t l e , t h of 

P . t r, In " s in( H-IO -n.,ta rr, ,.;-, .as inllIa.. 

r.........", .it-j..9t h) i . lue gitl. '! - ,'-*,-iq 

set o'.ar,-.les: int at.', lot d'eensic-.. lot accesse 
frequc- crfton r:e u;ec cr,.. --

TIi VARIABLES.
 

ot Widtht Width of the lot in meters (m),(figure 4).
 

Lot-Network Depth: Depth of the lot plus the distance 

o2 the lot to the center of t' street (center line) 

in meters (m. 

Lot-Network Area: Includes the area of the lot plus 

1/2 of tt- irea of access (street/sidewalks) in square
 

meters I.
 

The w--cuntianyin-i charts include a rangeo of areas 
var'-in- 'r, ini-uo of 100. 

2 
to maxiums of 800 2 

which co",- a "-devariety of areas and still permits
s.'all4 
-
rental variations 
(25m21.
 

Fc- practical reasons, the network is defined by its
 
main dim,'nsiont le-,gth. The area of the network 9 

included with the lot ar-a. The percentages of areas 
of lots and areas of circulation shoul,' be evaluated 

"Cpar'tely. 

Width-Depth Ratio: 
w(In) Width of lot 

=T.TDepth 0 r-m7­

;t the charts, it ".aries 'rom l/1 (squar-st to !/S 

'..onqatd rctan.l. s. Th, a--e is empirical. 

Network ,uccss "Aode: the chirts i 21u., only --i cn!­

'i,,ura' 5,s -ost coruon in -'-att' I wa-- she n 2uan-

.>.,,-. Cl~ . ,-,.. r',.. I .-. i--, .<way oifiouu:o 

.,.. . 1 ... ... .. rs . 

.- Ctts prued. it, other ,I'-1,'on. crent-t, n network. 

v,' ar'. for ;-actical " 1. trans'.-, cn'­'. rq, 

"ceo 5nto-,lr 175
to-. . at . . '00, 12" 15 

FiIure 4. Lote 

http:conce.pt
http:pp;u::.Li


PROCEDURE FOR EVALUATION 


a) To Ccmpute from a Plan the R-Value in a Given Lot: 

I. 	Divide:
 

network length (1/2 width of lot) (m)
 
lot & network access area (Ha) 


R 


2. 	Divide:
 

lot & network access deoth
 
no. 	 of lots between transverse connectors 


- lergth of connectors per lot 


3. 	 Divide: 


leneth of connector per lot 

lot 	& network access area 


- R
2 


4. 	Add:
 

* R2 - RR1 


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

Residential Sector: 

1. 	 Select a homogeneous sector where lots are simila 

in 	 area; 

2. 	 Measure the network length (streets, walkways) 

counting 1 length when they serve lots on both 

sides and 1/2 when they serve lots in boundariesi 

3. 	 Divide: 

network lenoth (m) 

residential sector area (Ha.) 


-R 

c) 	To Find the Corresponding R-Value in the Charts I 

a Lot: 

1. 	 Find from plans: 

the lot-network access area, the approximate wid 

depth dimension and ratio if the lot is served b] 

or 2 way short, the approximate distance between 

transverse connectors: 

2. 	Find in chart: 


the corresponding lot network access area and 


determine within this area the R-value that 


corresponds to the other variables. 


d) To Find the Corresponding R-Value in the Charts 

for a Residential Sector: 


1. 	 Compute the average lot-network access area by 

dividing the total area by the number of lots; 


2. 	Proceed as indicated in c) 1 and 2. 


CHRTS FOR EVALUATION
 

The 	 charts pcrmit the evaluation comparison of the 

ratio of services to lots or residential sections in
 
terms of:
 

LOT AFPAS, LOT hATICS, CIRCULaTICN LAYOUT, MODE OF
 

NEThORE ACCESS, TUNNSVLRSE CONOECTORS AND DIFFERENT 
CCNi3O;ATIC!S OF ThESE VARIABLES. 

The charts can be used to evaluate and compare existing 

cases, but more importantly, can be used as a design 

tool to evaluate different options. Eight charts are
 

available, providing information for lots of average
 

areas 25 square meters to 800 square meters. They are 

included at the end of this chapter.
 

LAYOUT MODELS. 

Three layout models are included to illuitrate 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.
 

Area of public ownership for circulation: Gridiron
 

(32.6%) and Poman-Hispanic (31.81) are the layouts that
 

reqiire more public land. Cluster (23.4%) layouts
 

require considerably less public land.
 

:-'alues: Gridiron h'20C) has the highest value and, 
-a s r.rn =O)hstehgetvlead
 

consrquently, is the most inefficient. Roman-Hispanic
 

(R=10) have ccmatible, 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 the public area for
 

circulation to R - 114.
 



rf-]-J =. .;- 1[ 1[j'lj 

-IL Li-	 'I_l T1 


le i i!' i' i - il-l 1,.t..'
-j 	 J 

u t La . 400M.-_.... . ... 400 rC400 mn. 

Roman-Hispanic Layout. 	 Gridiron Layout. 

CLUSTER LAYOUTROMAN-HISPANIC LAYOUT. 
GRIDIRON LAYOUT. 

AREAS OF BLOCK HaAREAS OF A BLOCK Ha I 
ARAS OF A BLOCK Ha I 

Private ownership
Private ownership 

(lots) : 1.21 68.20 Private ownership 	 (lots): 2.69 70. 0
 

(lots): 0.72 67.40 Publi cwnershipPlblic ownership 
(circu ation): 0.82 23.40
(circulation): 0.56 31.80 Public ownership 

TOTAL 1.77 100.00 (circulation): 0.35 32.60 TOTAL 0.52 1.0 
TOAlTOTAL 3.51 100.00 

NUMBER OF LOTS. 44 NUIBLR or LOTS, 89 
AVERAGE LOT AREA - 177 472 O 26 38YER 	 LOT AREA 9LOTS: 	 MAVERAGE 

AVERAGE LOT AREA - 383m 
FROM PLANS: 

FROMPLANS: R - area .77 " 150network 2.66 	 ; MPLA S:twork 2a17 1R 	 - values for Circulation 
R network 2.13.(2Prvt 

b N area. 200 (1) Public (2) Private 
nt-.ork 	 400 

ara -- 114 (1) 

160
 
. 45 	 (2) 

TOTAL 159
 

i-r!, CI.1,I:FF:M CIIARTS:FROM CHARTS: 2 

CORRESPONDING APPROXIMATE AREA: 400m
2 

CC??EI'Ub:IIG AFiROXIW:TE AREA: 375m
2 ;ITE ioF,-,1 AREA: 400M

::o 1/5- 1/10 w=.11 Ratio * 1/4 ,.' - 1 

LLFTH C_7fide~i 

1 way short MOD OF NETWOK ACCESS: 1 way short 

WDTI Ratio 


MODE OF NETWORK ACCESS: 1 way short MODE OF NETWOIX ACCESS: 


TRANSVERSE CONNECTOR SPACING: 125 150 TRARSVERSE CONNECTORSPACING: 125 
 150 TRANSV£7SE CONNECTOR SPACINGs 200
 

CORRESPONDING R - 145 158 - 151 CORRESPONDING R - 209 195 - 202 CORRESPONDING R - 161
 



OLT1%E:D, BOSTON, U.S.A. 	 LANGD USE: Pesidential 

Ci11,'VLAT ION: Local street in front for automobiles and 
CASE STUDIES 


t l
 

pedstrians. Service alleys at rear, for occasional
 
The following two case studies are included to 	 ORIGINS: Private instant development. Established Ci.CtLan: Local letre rnt for auto 

illustrate two diverse situations in the use of the 	 1850-60. 

circulation, parking.


The first case, South End in Boston, Mass- PLATI;bile 


schusetts is a planned reqular layout on a relitively
 
R-value-. 


19(0: U.S. $2,284 averae per hous.ehcld per SELECTED SECTOR Or TIHELOCALITY.
 
flat ite. The second case, El Aeqstino, is a random, INOCTE.S 

forrally !;..plannedlayout located on a steep slope. Y-r• 'k-1c -f 20. If the av-eraefo t , nI s n11, TA 

For bott. .scs, the R-value may be derived and used as ,.?C litan Area. llr*."'t' ol -. ip 

esi -. The f-values in these are I.ool. two examples VT: T.E:cal rw ho:; to:, ds:';oed l.:y.'-t. 1.n:. (It:, : 1.15 59.90
 

136m2 in E1 nalrc lotl with access in front and back. Sct o- -r Public nerhip

not sinilar; 278m2 in the South End and 	 C~r-lltio'n) : 0.77 _40.10

hqai 

blocks on flat, fLiked site. Oriqinally: sinqle facily TOrAL 0.77 40.0 

4-5 story row-hotises. :Zow: multi-family two bedroo.O 

walk-up apartments. 

Aqotino. 

'UtIPER Os LOTS: 69
 

278m2
LOT AREA - 1.92AVE shG 69 

-- 4 

WAS 

"-1 	 '
°-C:. 	 / - ",--

ii',- " -- "--4 " " ' -S	 
\ It 

• 	 ,",\, .. . '4
 
, .:!-. , ' , .'.. 	 .'. '..r .. . ., . ,
 

.. .,I 	 . . .. . ... "
 

• .- .. .A. , .-	 , . 'I.­

. .. ___- .. . .. . ' J n . - 'K a.. a'.i.2S ou rce : Urba n Dwelling E n viron - - " 

ments;. Carninos, Turner, Steffian; 
SOUTH END, Boston. Air view of street and block pattern of row housing.Cambridge, M.I.T. Press; 1969. 



FROM PLANS COMMENTS Lot pioportiors are very efficient and very well li15.1 

network 650 with the 4-5 story rw houninq. Land is not wantels 

sector area -.92 Lots are medium size and consequeitly R-values are in open spaces are nerrous, net backs are well used. 

medium ranges. Percentae of pablic land devoted to circulati.-' is 

FCRROM G
CCIRESPO1DI.iG 

AA
APPROXIAT APEAc. 

275m2very
2152 

high: 40%, because two sides have access. 

Within the re lot area: lots are narrow and deep. 

WIPTH Ratio 
L THd ratio tw 

ai a hich reduces R. On the other hand, lots The avail ibility of utilticq ,and set\vices is ad,quite. 

have acces or. 2 sitl.,. and transverse connectors are 
WC'mt OF -. d;ORK ACCS.: 2 way short -],,, which irc-,a-es R coesiderably. 

: '-:-R-S: CO: :CTOM SI'ACI. m l75It is sicnificint that the cost neglected arcdife the 

back alleys. 

H-vale, will be substantially reduced with one way 

access and increased spacing of transverse connectors, 

free R 3,46 t- P 173. 

44 , ,... 0. . 7 - ..... 

• , -- ---t-., ,. ,' : - L r '- "K '--"! .j7 
_/'\----1K - ' i 7_ ... . . ­

77 
-

tt 

. l . ... . . . . . . ... . ... 40 0 mr. 

SOT N ,Boiton. Plan. Select- SOUTH END, Boston. Dwelling 
ed sector is the area enclosed 

broken line. 
by the Gop 

Gop 



EL AGOSTINO (HILL), LIMA, PERU. 


ORIGINS: Squatter settlement, progressive, spontaneous 


development. Established 1948. 


POPULAT ON 1964-65: 2500 persons in 460 households, 

I!;COM-S: Not available. In an adjacent squatter 

settlement, (El Aostino flat) incomes are relatively
 

high, despite physical poverty. 
 In 1965, US $1,380 


average per household per year. 


LAYOUT: 
 Growth by the accretion of the individual or 


small qroup decisions. Very steep site: 30-40% slope.
 
to the corntours; Passages, many 


Passage ways parallel 

with stairways, perpendicular to them. Single family, 


1-2 story row houses.
 

e--

• ..X .-- " " 

E -. (.,Li-a.GOST-IN Air 

/ .-. o ,. 

- -'" - "- " ' -" -- ,.,' "-

LAND USE: Residential.
 

CIPCULATION: Only one vehicular road along the lowest 

contour. The other passage ways for ped,4st.ian use 
to conto~u£; and main 

only. Principal paths parallel t ot~~adm~ 
access to lots. Also, cul-de-sacs and interval Court 

yards give access to several plots. 

SELECTED SECTOR OF THE LOCALITY.
 

AREAS Ga
 

Private ownership
 
(lots): 72.951.78 

Public ownership 
(circulation): 0.66 27.05 

TOTAL 2.44 100.00 

NUMBER OF LOTS: 179 

2. 1362 
AVERAGE LOT AREA: 


'--t k 

..... "-" i. : 

-" -­

-. ,.-.-.­

" " - ;.".... 

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



------- 

FROM PLANS 

rk 1670 


sector area- . 2-N 644m/Ha 


FROM CHARTS 


WIDTHa 

DEPTH Ratio - 1/3 


MODE OF NETWORK ACCESS: 2 way short 


TRANSVERSE CONNECTOR SPACING: 75m 


CORRESPONDING R - 649m/Ha 


\' >2 

' 


," -t;]u .-- ..- :.. , 

- " -" "-' ' - - f / 

°o ;
/ 

......... 400 M.
. .............. 


EL AGOSTINO (Hill), Lima. Plan. 
.Selected sector is the area enclosed 
by the broken line. 

COMMENTS 

Lots are small and " nscquently R=values are in the 

upper ranges. Still, within the same lot area, R is 
very high because: lots are relatively wide and not 

deep, ratio - 1/3: but mainly, lots have access on 

two sides and transverse connectors are close, 


R-value will be substantially reduced with one way 

access, from R - 649 to R - 391. 

---------...... - . -- - ­

..... -­

---, --- -- ­

.. ,*"- v , 'C 0 o .... 

L- :1 7 0• -" ," ' - ~ PLAN 
.0 

" " -- ­

. .--

"- SECTION 

The steep slope and other determinants may account for 

the layout and lot proportiuns which lo not seem very 
efficient.
 

Despite the 2 side accesses, perce.. oge of publiu land 

devoted to circulation is small: 27.05%, because 

narrow circulation. 

The availability of utilities and services is very
 

limited. Only schools and public transpx-rtation are 

adequate.
 

Completion of ,tilities ard services thay prove to be
 

very costly because of the layout.
 

1... 

EL AGOSTINO (Hill), Lima. Dwell­
ing Group.. 



I WMT ZuotiJiI Z WAY SHORT 
AREA RATIO WIDTH DEPTH 75 100 125 150 175 200 75 100 125 150 175 200 

------------------.------------ --....-------------------------------------------------------------------­

25 
25 

1/ 1 
1/ 2 

5.CO 
3.54 

5.00 
7.07 

1133 
840 

1099 
807 

1079 
787 

1066 
773 

1057 
764 

1049 
757 

2133 
1547 

2099 
1514 

2079 
1494 

2066 
1410 

2057 
1471 

2C49 
1464 

25 1/ 3 2.89 8.66 710 677 657 644 634 627 1288 1254 1234 1221 1211 1204 
25 1/ 4 2.50 10.00 633 599 579 566 557 549 1133 1099 1079 1066 1057 1049 
25 1/ 5 2.24 11.18 580 547 527 513 504 497 1027 994 974 961 951 944. 
25 1/ 6 2.04 12.25 541 508 488 474 465 458 949 916 896 883 873 866 
25 1/ 7 1.89 13.23 511- 477 457 444 435 427 889 955 835 822 813 805 
25 1/ 8 1.77 14.14 486 453 433 420 410 403 840 807 787 713 764 757 
25 1/ s 1.67 15.00 466 433 413 400 390 383 800 766 746 733 723 716 

50 1/ 1 7. C7 7.07 I 840 807 787 773 764 757 1547 1514 1494 1480 1471 1464 
50 1/ 2 5.00 10.00 1 633 599 579 566 557 549 1133 1099 1079 1066 1057 1049 
50 1/ 3 4.C8 12.25 I 541 508 "488 474 465 458 949 916 896 893 873 866 
50 1/ 4 3.54 14.14 | 486 453 433 420 410 403 840 807 787 773 764 757 
50 1/ 5 3.16 15.81 I 449 416 396 382 373 366 765 732 712 649 689 682 
50 1/ 6 2.69 17.32 I 422 388 368 355 345 338 710 677 657 644 634 627 
50 1/ 7 2.67 18.71 I 400 367 347 333 324 317 667 634 614 6i1 591 584 
50 1/ 8 2.50 20.00 1 383 349 329 316 307 299 633 599 579 566 557 549 
50 1/ 9 2.36 21.21 I 369 335 315 302 292 285 604 571 551 538 528 521 

75 1/ 1 E.66 8.66 71G 677 657 644 634 627 1288 1254 1234 1221 1211 1204 
75 1/ 2 6.12 12.25 I 541 508 488 474 465 453 949 916 896 813 973 866 
75 1/ 3 5.C0 15.00 466 433 413 399 390 383 799 766 746 733 723 716 
75 1/ 4 4.33 17.32 422 388 368 355 345 338 710 677 657 6,+4 634 627 
75 1/ 5 3.87 19.36 391 358 338 324 315 3013 649 616 596 533 573 566 
75 1/ 6 3.54 21.2L 369 335 315 302 292 285 604 571 551 538 528 521 
75 1/ 7 3.27 22.91 351 318 298 284 275 268 569 536 516 503 493 486 
75 1/ 8 3.C6 24.49 337 3C4 284 270 261 254 541 508 498 474 465 458 
75 1/ s 2.89 25.98 325 292 272 259 249 242 519 484 464 451 442 434 

100 1/ 1 Ic.CO 10.00 I 633 599 579 566 557 549 1133 1099 1079 1056 1057 1C49 
'100 1/ 2 7.C7 14.14 I 486 453 433 420 410 403 84) 807 787 773 764 757 
100 1/ 3 5.77 17.32 I 422 388 368 355 345 338 710 677 657 644 534 627 
100 1/ 4 5.CO 20.00 I 383 349 329 316 307 299 633 599 579 566 557 549 
100 1/ 5 4.47 22.36 I 356 323 303 290 280 273 580 547 527 513 504 497 
100 1/ 6 4.C8 24.49 I 337 304 284 270 261 254 541 5C8 4d8 474 465 458 
100 1/ 7 3.78 26.46 I 322 288 268 255 246 238 511 477 457 444 435 427 
100 1/ E 3.54 28.28 I 310 276 256 243 233 226 486 453 433 420 410 403 
100 1/ 9 3.33 30.00 I 300 266 246 233 223 216 466 433 413 400 390 383 



----------------
--- --- --------------

2 WAY SHORT
1 WAY SHORT 


AREA RATIG WIDTH DEPTH 75 100 125 150 175 200 75 100 125 150 175 200
 

+-------------------------------------------------+----------------------------

125 1 1 11.18 11.18 I 580 547 527 53 504 497 I1027 994 974 961 951 944 

125
125 

1/
1/ 

2
3 

7.91 
6.45 

15.81 
19.36 

449 
391 

416 
358 

396 
338 

382 
324 

373 
315 

366 
308 

765 
649 

732 
616 

712 
596 

699 
533 

689 
573 

632 
566 

125 
125 
125 
125 
125 
125 

1/ 4 
1/ 5 
1/ 6 
1/ 7 
1/ 8 
1/ s 

5.59 
5.C0 
4.56 
4.23 
3.95 
3.73 

22.36 
25.00 
27.39 
29.58 
31.62 
33.54 

356 
333 
315 
302 
291 
282 

323 
299 
282 
269 
258 
249 

303 
279 
262 
249 
238 
229 

290 
266 
24q 
235 
224 
215 

280 
257 
239 
226 
215 
206 

273 
249 
232 
219 
208 
199 

533 
493 
471 
449 
431 

547
499 
465 
438 
416 
38 

527
479 
445 
418 
396 
318 

450513406 
431 
434 
332 
364 

504457 
422 
395 
373 
355 

491449 
415 
338 
366 
348 

150 
150 
150 
150 
150 
150 
150 
150 

1/ 1 
1/ 2 
1/ 3 
1/ 4 
1/ 5 
I/ 6 
1/ 7 
i/ 8 

12.25 
E.66 
7.C7 
6.12 
5.48 
5.00 
4.63 
4.33 

12.25 
17.32 
21.21 
24.49 
27.39 
30.00 
32.40 
34.64 

541 
422 
369 
337 
315 
299 
287 
277 

508 
388 
335 
304 
282 
266 
254 
244 

488 
368 
315 
284 
262 
246 
234 
224 

474 
355 
302 
270 
249 
233 
220 
211 

465 
345 
292 
261 
239 
223 
211 
201 

458 
333 
285 
254 
232 
216 
204 
194 

949 
710 
604 
541 
498 
466 
441 
422 

916 
67? 
571 
508 
465 
433 
408 
388 

896 
657 
551 
488 
445 
413 
388 
368 

tl3 
644 
538 
474 
431 
399 
375 
395 

873 
634 
528 
465 
422 
390 
365 
345 

865 
627 
521 
458 
415 
383 
358 
338 

150 1/ 9 4.C8 36.74 269 236 216 202 193 186 405 372 3,)2 339 329 322 

175 
175 
175 
175 
175 
175 
175 
175 
175 

1/ 1 
1/ 2 
1/ 3 
I 4 
11 5 
1/ 6 
1/ 7 
1/ 8 
it s 

12.23 
9 35 
1.64 
6.61 
5,.2 
5.40 
5.CO 
4.68 
4.41. 

13.23' 
19.71 
22.91 
26.46 
29.58 
32.40 
35.00 
37.42 
39.69 

5.11 
400 
351 
322 
302 
287 
276 
266 
259 

477 
367 
318 
288 
269 
254 
242 
233 
225 

457 
347 
298 
268 
249 
734 
222 
213 
205 

444 
333 
284 
255 
235 
220 
209 
200 
192 

435 
324 
275 
246 
226 
211 
199 
190 
183 

427 
317 
268 
233 
219 
204 
192 
183 
175 

I 
I 
I 
I 
I 
I 

1 
I 

899 
667 
569 
511 
471 
441 
419 
400 
385 

855 
634 
536 
477 
438 
408 
395 
367 
351 

835 
614 
516 
457 
418 
388 
365 
347 
331 

822 
601 
503 
444 
434 
375 
352 
333 
318 

813 
591 
493 
435 
395 
365 
342 
324 
309 

805 
584 
486 
427 
383 
358 
335 
317 
301 

200 
200 
200 
200 
200. 
200 
200 
200 
200 

1/ 1 
1/ 2 
1/ 3 
1/ 4 
1/ 5 
1/ 6 
1/ 7 
1/ 8 
1/ s 

14.14 
I.CO 
8.16 
7.C7 
6.32 
5.77 
5.35 
5.00 
4,71 

14.14 
20.00 
24.49 
28.28 
31.62 
34.64 
37.42 
40.00 
42.43 

486 
383 
337 
310 
291 
277 
266 
258 
251 

453 
349 
304 
276 
258 
244 
233 
224 
217 

433 
329 
284 
256 
238 
224 
213 
204 
197 

420 
316 
270 
243 
224 
211 
200 
191 
184 

410 
307 
261 
233 
215 
201 
190 
182 
174 

403 
299 
254 
226 
203 
194 
183 
174 
167 

I 
I 
I 
I 
I 
I 
I 
I 
I 

840 
633 
541 
486 
449 
422 
400 
383 
369 

807 
599 
508 
453 
416 
398 
367 
349 
335 

787 
579 
488 
433 
396 
368 
347 
329 
315 

773 
566 
474 
420 
332 
355 
333 
316 
302 

764 
557 
465 
410 
373 
345 
324 
307 
292 

757 
54q 
453 
403 
366 
338 
317 
299 
285 



AREA RATIC WIDTH DEPTH 75 100 125 
------------------------------------------------­

150 175 2C0 75 100 
4------------------------------------------------------------------

125 150 175 200 
------­

225 
225 
225 
225 
225 
225 
225 
225 
225 

1/ 1 
1/ 2 
1/ 3 
1/ 4 
1/ 5 
1/ 6 
1/ 7 
1/ 8 
i/ s 

15.CO 
10.61 
8.66 
7.50 
6.71 
6.12 
5.67 
5.30 
5.00 

15.00 
21.21 
25.Q8 
30.00 
33.54 
36.74 
39.69 
42.43 
45.00 

466 
369 
325 
299 
282 
269 
259 
251 
244 

433 
335 
292 
266 
249 
216 
225 
217 
211 

413 
315 
272 
246 
229 
216 
2C5 
197 
191 

399 
302 
259 
233 
215 
202 
192 
184 
177 

390 
292 
249 
223 
206 
193 
183 
174 
168 

383 
285 
242 
216 
199 
186 
175 
167 
161 

799 
604 
518 
466 
431 
4C5 
335 
369 
355 

766 
571 
484 
433 
398 
372 
351 
335 
322 

746 
551 
464 
413 
378 
352 
331 
315 
302 

733 
538 
451 
399 
364 
338 
318 
3-2 
216 

723 
523 
442 
390 
355 
329 
309 
292 
27'9 

716 
521 
434 
383 
348 
322 
301 
235 
272 

250 
250 
250 

1/ 1 
1/ 2 
1/ 3 

15.e1 
11.18 
S.13 

15.81 
22.36 
27.39 

449 
356 
315 

416 
323 
282 

396 
303 
262 

382 
290 
249 

373 
280 
239 

366 
273 
232 

765 
580 
498 

732 
547 
465 

712 
527 
445 

699 
513 
431 

689 
504 
422 

682 
497 
415 

250 1/ 4 7.S1 31.62 291 258 238 224 215 2C. 449 416 396 332 373 366 

250 1/ 5 7.C7 35.36 274 241 221 208 198 191 416 312 3b2 349 339 332. 

250 1/ 6 6.45 38.73 262 229 209 195 186 179 391 358 338 324 315 308 

250 11 7 5.58 41.83 252 219 199 186 176 169 372 339 319 305 296 289 

250 i 8 5.59 44.72 '245 211 191 178 168 161 356 323 303 290 280 273 
250 1/ 9 5.27 47.43 238 205 185 172 162 155 344 310 290 277 267 260 

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 

275 1/ 4 8.29 33.17 284 250 230 217 207 200 434 401 381 368 359 351 

275 1 5 7.42 37.08 268 234 214 201 19.1 184 403 369 349 336 32b 319 

275 1/ 6 6.77 40.62 256 223 2C3 189 180 173 377 346 326 312 303 296 

275 1/ 7 6.27 43.87 247 213 193 180 171 163 361 327 307 294 285 277 

275 1/ 8 5.e6 46.q0 239 206 186 173 163 156 346 313 293 279 270 263 

275 1/ 9 5.53 49.75 233 200 180 167 157 150 334 301 281 267 258 251 

300 I/ 1- 17.32 17.32 422 388 368 355 345 338 710 677 6i7 644 634 627 

300 if 2 12.25 24.49 337 304 284 270 261 254 541 508 488 474 465 458 

300 i/ 3 10.00 30.00 299 266 246 233 223 216 466 433 413 399 390 383 

3.00 1/ 4 8.66 34.64 277 244 224 211 201 194 422 338 368 355 345 338 

300 1/ 5 7.75 38.73 262 229 209 195 186 179 391 358 338 324 315 308 

300 1/ 6 7.07 42.43 251 217 197 184 174 167 369 335 315 302 292 285 
300 1/ 7 6.55 45.83 242 209 189 175 166 159 J 351 318 298 234 275 268 

300 if a 6.12 48.99 235 202 182 166 159 152 337 304 284 210 261 254 

300 1 9 5.77 51.96 229 196 176 162 153 146 325 292 272 259 249 242 



I WAY SHORT 2 WAY SHORT
 

,AREA RATIO WIDTH DEPTH 75 100 125 150 175 200 75 100 125 150 175 2CC 

-------------------------------------------------------------­ 4---------------------------------------------------------------­

325 
325 
325 
325 

1/ 1 
1/ 2 
1/ 3 
1/ 4 

lP.C3 
12.75 
1C.41 
9.0l 

18.03 
25.50 
31.22 
36.06 

410 
329 
293 
272 

377 
296 
260 
238 

357 
276 
240 
218 

344 
262 
226 
205 

334 
253 
217 
195 

327 
246 
210 
188 

688 
525 
453 
410 

654 
492 
420 
377 

634 
472 
400 
357 

621 
458 
336 
344 

611 
449 
377 
334 

604 
442 
370 
327 

325 
325 
325 
325 
325 

i 5 
1/ 6 
i/ 7 
1/ e 
it s 

@.C6 
7.36 
6.81 
6.37 
6.01 

40.31 
44.16 
47.70 
50.99 
54.08 

1 257 
246 
238 
231 
225 

224 
213 
204 
198 
192 

204 
193 
184 
178 
172 

190 
179 
171 
164 
159 

181 
170 
161 
155 
149 

174 
163 
154 
148 
142 

381 
353 
342 
329 
318 

348 
326 
309 
296 
284 

328 
306 
289 
276 
2o4 

314 
293 
276 
262 
251 

305 
283 
266 
253 
242 

298 
276 
259 
246 
234 

350 
350 
350 
350 
350 
350 
350 
350 
350 

i/ 1 
1/ 2 
1/ 3 
1/ 4 
1/ 5 
i/ 6 
1/ 7 
i/ 8 
1/ 5 

1E.71 
13.23 
IC.80 
9.35 
E.37 
7.64 
7.C7 
6.61 
6.24 

18. 71 
26.46 
32.40 
37.42 
41.E3 
45.83 
49.50 
52.92 
56.12 

1 
I 

400 
322 
287 
266 
252 
242 
234 
227 
222 

367 
288 
254 
233 
219 
209 
201 
194 
189 

347 
268 
2.34 .. 
213 
199 
189 
181 
174 
169 

333 
255 
220 
200 
186 
175 
167 
161 
155 

324 
246 
211 
190 
176 
166 
158 
151 
146 

317 
238 
204 
183 
169 
159 
151 
144 
139 

667 
511 
441 
400 
372 
351 
335 
322 
311 

634 
477 
408 
367 
339 
318 
302 
288 
278 

614 
451 
388 
347 
319 
298 
282 
268 
258 

601 
444 
375 
333 
305 
2,34 
268 
255 
244 

591 
435 
365 
324 
296 
275 
259 
246 
235 

584 
427 
358 
317 
289 
268 
252 
238 
228 

375 i1 1 I.36 19.36 i 391 358 338 324 315 308 649 616 596 583 573 566 

375 
375 
375 

1/ 2 
1/ 3 
If 4 

13.69 
11.18 
9.68 

27.39 
33.54 
38.73 

1 
| 
I 

315 
282 
262 

282 
249 
229 

262 
229 
209 

249 
215 
195 

239 
206 
186 

232 
199 
179 

498 
431 
3)1 

465 
398 
358 

445 
378 
338 

431 
364 
324 

422 
355 
315 

415 
348 
308 

375 
375 
375 
375 

1/ 5 
1/ 6 
i/ 7 
if 8 

E.66 
7.Sl 
7.32 
6.85 

43.30 
47..43 
51.23 
54.77 

I 
I 
I 
I 

248 
238 
230 
224 

215 
205 
197 
191 

195 
185 
177 
171 

82-
17. 
164 
157 

172 
162 
154 
148 

165 
155 
147 
141 " 

364 
344 
323 
315 

330 
310 
295 
282 

310 
290 
275 
262 

297 
277 
261 
249 

288 
267 
252 
230 

280 
26C 
245 
232 

375 1/ 9 6.45( 58.09 I 219 186 166 152 143 136 I 305 272 252 218 22c 222 

400 
400 
400 
400 
400 
400 
400 
400 
400 

if 
1/ 
I/ 
1/ 
11 
1/ 
1/ 
i/ 
i/ 

1 
2 
3 
4 
5 
6 
7 
E 
9 

2C.Co 
14.14 
11.55 
IC.CO 
8.94 
E.16 
7.56 
7.C7 
6.67 

20.00 
28.28 
34.64 
40.00 
44.72 
48.<;9 
52.92 
56.57 
60.00 

383 
310 
277 
258 
245 
235 
227 
221 
216 

349 
276 
244 
224 
211 
202 
194 
188 
183 

329 
256 
224 
204 
191 
182 
174 
168 
163 

316 
243 
211 
191 
178 
168 
161 
155 
150 

307 
233 
201 
182 
168 
159 
151 
145 
140 

299 
226 
194 
174 
161 
152 
144 
138 
133 

633 
486 
422 
383 
356 
337 
322 
310 
300 

599 
453 
388 
349 
323 
304 
288 
276 
266 

579 
433 
3b 
329 
303 
284 
268 
256 
246 

566 
420 
355 
316 
29l0 
270 
255 
243 
233 

557 
-+i0 
345 
307 
290 
261 
246 
233 
223 

549 
403 
3383, 
299 
273. 
254 
238 
226 
216 



AREA RATIO 

I WAY SHORT 

WIGTH DEPTH 75 100 125 150 

---------------------------------------------------I 
175 200 

2 WAY SHORT 
75 100 125 150 

+-------------------------------------------------------------­

175 200 

425 
425 
425 
425 
425 
425 
425 
425 
425 

1/ 1 
1/ 2 
1/ 3 
1/ 4 
1/ 5 
1/.6 
1/ 7 
1/ 8 
1/ 9 

20.62 
14,58 
11.90 
10.31 
9.22 
e.42 
7.79 
7.29 
6.87 

20.62 
29.15 
35.71 
41.23 
46.10 
50.50 
54.54 
58.31 
61.85 

I 
I 
I 
1 
I 
I 
I 
1 
I 

375 
304 
273 
254 
241 
232 
225 
219 
214 

342 
271 
240 
221 
208 
199 
191 
185 
180 

322 
251 
220 
201 
188 
179 
171 
165 
160 

309 
238 
206 
187 
175 
165 
158 
152 
147 

299 
228 
197 
178 
165 
156 
148 
142 
137 

292 
221 
190 
171 
158 
14: 
141 
135 
130 

618 
476 
413 
375 
350 
331 
316 
304 
295 

585 
442 
380 
342 
316 
298 
283 
271 
261 

565 
422 
360 
322 
296 
278. 
263 
251 
241 

551 
409 
346 
309 
233 
264 
250 
238 
228 

542 
400 
337 
299 
274 
255 
240 
228 
218 

535 
392 
330 
292 
266 
248 
233 
221, 
211 

450 
450 
450
450 

1/ 
1/ 
1/
1/ 

1 
2 
3 
4 

21.21 
15.00 
12.25 
10.61 

21.21I 
30.00 
36.74 
42.43 

I 
I
1 

369 
299 
269 
251 

335 
266 
236 
217 

315 
245 
216 
197 

302 
233 
202 
184 

292 
223 
193 
174 

285 
216 
186 
167 

604 
466 
405 
369 

571 
433 
372 
335 

551 
413 
352 
315 

538 
399 
338 
3012 

528 
390 
329 
29? 

521 
383 
322 
285 

450 
450 
450 
450 
450 

1/ 
1/ 
1/ 
1/ 
1/ 

5 
6 
7 
a 
9-

S.49 
e.66 
F.02 
7.50 
7.C7 

4"7.43 
51.96 
56.12 
60.00 
63.64 

I 
I 
i 
1 
I 

238 
229 
222 
216 
211 

205 
196 
18q 
183 
178 

185 
176 
169 
163 
151 

172 
162 
155 
14q 
145 

162 
153 
146 
140 
135 

155 
14b 
139 
133 
128 

I 
344 
325 
311 
2') 
290 

310 
292 
278 
266 
257 

290 
272 
258 
246 
237 

z7 
259 
244 
233 
223 

267 
249 
235 
223 
?14 

260 
242
228 
216 
207 

475 
475 
475 
475 
475 
475 
475 
475 
475 

1.1 1 
I/ 2 
1/ 3 
1/ 4 
1/ 5 
1/ 6 
1/ 7 
1/ 8 
1/ s 

21.79 
15.41 
12.58 
IC.90 
;.75 
8.90 
e.24 
7.71 
7.26 

21.79 
30.82 
37.75 
43.59 
48.73 
53.39 
57.66 
61.64 
65.38 

i 
I 
I 
I 
I 
I 
I 
I 
I 

362 
295 
265 
248 

235 
226 
220 
214 
209 

329 
262 
232 
214 

202 
193 
186 
181 
176 

3C9 
242 
212 
194 

182 
173 
lC6 
161 
156 

296 
228 
19g 
181 

169 
160 
153 
147 
143 

286 
219 
189 
171 

159 
150 
143 
138 
133 

279 
212 
182 
164 

152 
143 
136 
131 
126 

i 
1 
I 
I 
I 
1 
1 
I 
I 

592 
457 
398 
362 

338 
320 
306 
295 
286 

558 
424 
364 
329 

305 
287 
273 
262 
252 

538 
404 
344 
309 

285 
267 
253 
242 
232 

525 
391 
331 
296 

271 
253 
240 
228 
219 

515 
381 
322 
286 

262 
244 
230 
219 
20 

508 
374 
314 
279 

255. 
237 
223 
212 
202 

5O 
500 
500 
500 
500. 
500 
500 
500 
500 

L/ 1 
1/ 2 
1/ 3 
1/ '4 
I/ 5 
1/ 6 
It 7 
1/ 8 
1/ 9 

22.36 
15.81 
12.91 
1i.18 
IC.CO 
9.13 
8.45 
7.91 
7.45 

22.36 
31.62 
38.73 
44.72 
50.00 
54.77 
59.16 
63.25 
67.08 

I 
I 
I 
I 
1 
1 
I 
I 
1 

356 
291 
262 
245 
233 
224 
217 
212 
207 

323 
258 
229 
211 
199 
191 
184 
179 
174 

303 
238 
209 
191 
179 
171 
164 
159 
154 

290 
224 
195 
178 
166 
157 
151 
145 
141 

280 
215 
186 
168 
157 
148 
141 
136 
131 

273 
208 
179 
161 
149 
141 
134 
129 
124 

I 
I 
I 

I 
1 
I 
I 
I 

530 
449 
391 
356 
333 
3L5 
302 
291 
282 

547 
416 
358 
323 
299 
282 
269 
258 
249 

527 
396 
338 
303 
279 
262 
249 
238 
229 

513 
352 
324 
290 
266 
249 
235 
224 
215 

504 
373 
315 
280 
257 
239 
226 
215 
206 

497 
366 
308 
273 
249 
232 
219 
208 
199 



AREA RATIO 
----------------------

WIDTH DEPTH 

1 WAY SHORT 
75 too 125 150 

4----------------------------------------------+--------------

175 200 

2 WAY SHORT 

75 100 125 

-----------------------------------------------­

150 175 200 

525 
525 
525 
525 
525 
525 
525 
525 
525 

1/ 1 
1/ 2. 
1/ 3 
1/ 4 
1/ 5 
1/ 6 
1/ 7 
1/ 8 
1/ s 

22.51 
16.20 
13.23 
11.46 
10.25 
9.35 
E.66 
8.10 
7.64 

2219t 
32.40 
39.69 
45.83 
51.23 
56.12 
60.62 
64.81 
68.74 

I 
| 
I 
I 
I 
i 
I 
I 
I 

351 
287 
259 
242 
230 
222 
215 
210 
206 

318 
254 
225 
209 
197 
189 
182 
177 
172 

298 
234 
205 
189 
177 
169 
162 
157 
152 

284 
220 
192 
175 
164 
155 
149 
143 
139 

275 
211 
183 
166 
154 
146 
139 
134 
129 

268 
204 
175 
159 
147 
139 
132 
127 
122 

569 
441 
385 
351 
328 
311 
298 
287 
278 

536 
408 
351 
318 
295 
278 
264 
254 
245 

516 
388 
331 
298 
275 
258 
244 
234 
225 

503 
375 
318 
284 
251 
244 
231 
220 
212 

493 
365 
309 
275 
252 
235 
222 
211 
2C2 

486 
358 
301 
268 
245 
228 
214 
204 
195 

550 
550 
550 
550 
550 
550 
550 
550 
550 

1f 1 
1/ 2 
1/ 3 
1/ 4 
1/ 5 
1/ 6 
1/ 7 
1/ 8 
/ 5 

23.45 
16.58 
13.54 
11.73 
IC.49 
5.57 
e.86 
8.29 
7.82 

23.45 
33.17 
40.62 
46.90 
52.44 
57.45 
62.05 
66.33 
70.36 

1 346 
284 
256 
239 
228 
220 
213 
208 
204 

313 
250 
223 
206 
195 
197 
180 
175 
171 

293 
230 
203 
186 
175 
167 
160 
155 
151 

279 
217 
189 
173 
162 
153 
147 
142 
137 

270 
207 
180 
163 
152 
144 
137 
132 
128 

263 
200 
173 
155 
145 
137 
13-, 
125 
121 

559 
434 
379 
346 
324 
307 
294 
284 
275 

526 
401 
346 
313 
290 
274 
261 
250 
242 

506 
381 
326 
2q3 
270 
254 
241 
230 
222 

493 
368 
312 
279 
257 
240 
227 
217 
208 

483 
358 
303 
270 
247 
231 
218 
207 
199 

476 
351 
296 
263 
240. 
224 
211 
200 
192 

575 
575 
575 
575 
575 
575 
575 
575 
575 

1/ 1 
1/ 2 
1/ 3 
1/ 4 
1/ 5 
1/ 6 
1/ 7 
1/ 8 
1/ 9 

23.98 
16.56 
13.34 
11.99 
1C.72 
9.79 
9.C6 
8.48 
7.99 

23.98 
33.91 
41.53 
47.96 
53.62 
58.74 
63.44 
67.82 
71.94 

1 

341 
280 
253 
237 
226 
218 
212 
207 
202 

308 
247 
220 
204 
193 
185 
178 
173 
169 

288 
227 
200 
184 
173 
165 
158 
153 
149 

275 
214 
187 
170 
159 
151 
145 
140 
136 

265 
204 
177 
161 
150 
142 
135 
130 
126 

253 
197 
170 
154 
143 
135 
128 
123 
119 

I 
I 
1 
I 
I 
I 
I 
I 
1 

550 
42d 
374 
341 
319 
303 
290 
280 
272 

517 
394 
340 
3G8 
236 
270 
257 
247 
237 

497 
314 
320 
238 
Z56 
250 
237 
227 
219 

493 
361 
307 
275 
253 
236 
224 
214 
205 

474 
352 
297 
265 
243 
227 
214 
204 
196 

467 
344 
290 
25q 
236 
220 
207 
197 
1S9 

600 
600 
600 
600 
600 
600 
bOO 
600 
600 

1/ 1 
1/ 2 
1/ 3 
1/ 4 
1/ 5 
1/ 6 
i/ 7 
1/ 8 
1/" 9 

24.49 
17.32 
14.14 
12.25 
IC.55 
IC.CO 
G.26 
8.66 
e.16 

24.49 
34.64 
42.43 
48.99 
54.77 
60.00 
64.81 
69.28 
73.48 

I 
I 
I 
I 
1 
I 
I 
I 

337 
277 
251 
235 
224 
216 
210 
205 
201 

304 
244 
217 
202 
191 
183 
177 
17? 
168 

284 
224 
197 
182 
171 
163 
157 
152 
148 

270 
211 
184 
168 
157 
149 
143 
138 
134 

261 
201 
174 
159 
148 
140 
134 
129 
125 

254 
194 
167 
152 
141 
133 
127 
122 
118 

1 
541 
422 
369 
337 
315 
299 
2B7 
277 
269 

5U8 
388 
335 
304 
282 
266 
254 
244 
236 

43 
368 
315 
284 
262 
246 
234 
224 

,216 

474 
355 
302 
270 
249 
233 
220 
211 
202 

465 
345 
292 
261 
239 
223 
211 
?01 
193 

458 
338 
285 
254 
232 
216 
204 
194 
186 



1 WAY SHORT 2 WAY SHORT 

AREA RATIG WIDTH DEPTH 15 100 125 150 ir uu 75 100 125 150 175 200 

--------------------------------------------------------------------­ 4-------------------------------------------------------------­

1 1 
625 

625 

625 

625 

625 

625 
625 

1/ 

1/ 

1/ 

1/ 

1/ 

1/ 
1/ 

1 

2 

3 

4 

5 

6 
7 

25.00 

17.68 

14.43 

12.50 

IL.18 

10.21 
G.45 

25.00 

35.36 

43.30 

50.00 

55.9C 

61.24 
66.14 

333 

274 

248 

233 

222 

214 

20E 

299 

241 

215 

199 

189 

181 

175 

279 

221 

195 

179 

169 

161 

155 

266 

208 

182 

166 

156 

148 

142 

257 

198 

172 

157 

146 

138 

132 

24q 

i-1 

1l& 

149 

139 

131 

125 

533 

416 

364 

333 

312 

296 

214 

499 

382 

330 

299 

278 

263 

251 

479 

362 

310 

279 

258 

243 

231 

466 

349 

297 

266 

245 

229 

217 

457 

339 

288 

257 

236 

220 

208 

449 

332 

280 

249 

228. 

213 

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 

650 

1/ 

1/ 

1 

2 

25.50 

18.C3 

25.50 

36.06 

329 

272 

296 
238 

276 
218 

262 
205 

253 
195 

246 
1838 

525 
410 

492 
377 

472 
357 

458 
344 

449 
334 

442 
327 

650 
650 

1/ 
1/ 

3 
4 

14.72 
12.75 

44.16 
50.99 

246 
231 

213 
198 

193 
178 

179 
164 

170 
155 

163 
141 

359 
329 

326 
296 

306 
276 

293 
262 

283 
253 

276 
246 

650 1/ 5 11.40 57.01 221 187 167 154 144 137 308 275 255 242 232 225 

653 1/ 6 10.41 62.45 1 213 180 160 146 137 130 293 260 240 226 217 210 

650 1/ 7 9.64 67.45 207 174 154 140 131 124 281 248 228 214 205 198 

650 1/ 8 S.Cl 72.11 1 202 169 149 136 126 119 272 238 218 205 195 188 

650 1/ 9 8.50 76.49 I 198 165 145 132 122 115 264 230 210 197 187 -IRO 

675 1/ 1 2 5.S8 25.98 325 292 272 259 249 242 518 484 464 451 442 434 

675 

675 

1/ 

1/ 

2 

3 

18.37 

15.C0 

36.74 

45.00 

269 

244 

236 

211 

216 

191 

202 

177 

193 

168 

186 

161 

405 

355 

372 

322 

392 

302 

338 

238 

329 
279 

322 
272 

675 1/ 4 12.99 51.96 229 196 176 162 153 146 325 292 272 259 249 242 

675 

675 

1/ 

1/ 

5 

6 

11.62 

1C.E1 

58.09 

63.64 

219 

211 

136 

178 

166 

158 

152 

145 

143 

135 

136 

128 

305 

290 

272 

257 

252 

237 

238 

223 

229 

214 

222 

207 

675 

675 

1/ 

1/ 

7 

f 

C.82 

¢19 

66.74 

73.48 

206 

201 

172 

168 

152 

148 

13) 

134 

129 

125 

122 

1116 

278 

269 

245 

236 

225 

216 

212 

202 

202 

193 

195 

136 

675 1/ s E.66 77.94 197 164 344 130 121 114 zb1 228 208 l-)4 185 178 

700 1/ 1 26.46 26.46 , 322 288 268 255 246 231 511 477 457 444 435 427 

7.00 1/ 2 1E.71 37.42 266 233 213 200 190 193 400 367 347 333 324 317 

700 1/ 3 15.28 45.83 242 209 189 175 166 159 351 318 298 234 275 268 

700 1/ 4 13.23 52.92 227 194 174 161 151 144 322 298 268 255 246 238 

700 1/ 5 11.83 59.16 217 184 164 151 141 134 302 269 249 235 226 219 

700 1/ 6 1C.80 64.81 1 210 177 157 143 134 127 287 254 234 220 211 204 

700 1/ 7 IC.CO 70.00 204 171 151 138 128 121 276 242 222 209 199 192 

700 1/ 8 9.35 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 



1 WAY SHORT 2 WAY SHORT 

AREA RATIC WIOTH DEPTH 75 100 125<,-7150 175 200 75 100 125 150 175 200 

-------------­ +----------------------------------------------------+--------------------------------------------------------
I. 

725 
725 
725 
725 
725 
725 
725 
725 
725 

1/ 1 
1/ 2 
1/ 3 
1/ 4 
1/ 5 
1/ 6 
1 1 
1/ 8 
1/ s 

26.93 
19.04 
15.55 
13.46 
12.04 
1C.99 
1.18 
G.52 
e.98 

26.93 
38.08 
46.64 
53.85 
60.21 
65.95 
71.24 
76.16 
80.78 

319 
264 
240 
226 
216 
209 
203 

I198 
195 

285 
231 
207 
192 
183 
175 
170 
165 
161 

265 
211 
187 
172 
163 
155 
150 
145 
141 

252 
197 
173 
159 
149 
142 
136 
132 
128 

242 
188 
164 
149 
140 
132 
127 
122 
119 

235 
181 
157 
142 
133 
125 
120 
115 
ill 

534 
395 
347 
319 
299 
264 
273 
264 
257 

471 
36Z 
314 
285 
266 
251 
240 
231 
223 

451 
342 
294 
265 
246 
231 
220 
211 
203 

438 
329 
231 
252 
232 
218 
207 
1)7 
V"0 

428 
319 
271 
242 
223 
208 
197 
188 
180 

421 
312 
261 
235 
216 
201 
190 
181 
173 

750 
750 
750 
750 
750 
750 
750 
750 
750 

1/ 1 
It 2 
1/ 3 
1/ 4 
1/ 5 
1/ 6 
if 7 
1/ 8 
1/ 9 

27.39 
IG.36 
15.81 
13.69 
12.25 
11.18 
10.35 
9.68 
9.13 

27.39 
38.73 
47.43 
54.77 
61.24 
67.38 
72.46 
77.46 
82.16 

315 
262 
238 
224 
i14 
207 
202 

I197 
194 

282 
229 
205 
> . 

181 
174 
169 
164 
60 

262 
209 
185 
171 
161 
154 
149 
144 
140 

249 
195 
172 
157 
148 
141 
135 
131 
127 

239 
186 
162 
148 
138 
131 
126 
121 
118 

232 
179 
155 
141 
131 
124 
119 
114 
110 

493 
391 
344 
315 
296 
282 
271 
262 
255 

465 
358 
310 
282 
263 
249 

238 
229 
221 

445 
338 
290 
262 
243 
229 

218 
209 
201 

431 
324 
277 
249 
229 
215 

204 
145 
111 

422 
315 
267 
239 
220 
206 

195 
186 
178 

415 
308 
26C 
232 
213 
IQ' 

i3 
IT 
171 

775 
775 
775 
775 
775 
775 
775 
775 
775 

L 1 
1/ 2 
1/ 3 
1/ 4 
1/ 5 
1/ 6 
1/ 7 
1/ 8 
1/ S 

27.84 
19.69 
16.07 
13.92 
12.45 
11.37 
IC.52 
9.84 
9.28 

27.84 
39.37 
48.22 
55.68 
62.25 
68.19 
73.65 
78.74 
83.52 

1 

3,12 
260 
237 
223 
213 
206 
201 
196 
193 

279 
227 
203 
189 
180 
173 
167 
163 
159 

259 
207 
183 
169 
160 
153 
147 
143 
139 

246 
193 
170 
156 
146 
139 
134 
130 
126 

236 
184 
160 
146 
137 
1.30 
125 
i20 
117 

229 
177 
153 
139 
130 
123 
117 
113 
109 

492 
387 
340 
312 
293 
279 
269 
260 
253 

459 
354 
307 
219 
260 
246 
235 
221 
219 

439 
334 
287 
259 
240 
226 
215 
207 
199 

425 
32C 
274 
246 
227 
213 
202 
143 
156 

416 
311 
264 
236 
217 
203 
192 
184 
176 

409 
304 
257 
229 
210. 
196 
135 
177 
169 

800 
800 
800 
800 
800 
800 
800 
800 
800 

1/ 1 
1/ 2 
1/ 3 
1/ 4 
1/ 5 
1/ 6 
1/ 7 
1/ 8 
1/ 9 

28 .8 
20.c0 
16.33 
14.14 
12.65 
11.55 
IC.69 
IC.CO 
9.43 

28.28 
40.00 
48.99 
56.57 
63.25 
69.28 
74.83 
80.00 
84.85 

1 

310 
259 
235 
221 
212 
205 
200 
195 
192 

276 
224 
202 
188 
179 
172 
166 
162 
158 

256 
204 
182 
168 
159 
152 
146 
142 
138 

243 
191 
168 
155 
145 
138 
133 
129 
125 

233 
182 
159 
145 
136 
129 
123 
119 
116 

22-
174 
152 
139 
129 
122 
116 
112 
1C 3 

I 

I 

1 

4Ti 

343 
337 
310 
291 
277 
266 
258 
251 

453 
349 
304 
276 
258 
244 
233 
224 
217 

433 
329 
214 
256 
218 
224 
213 
204 
197 

42C 
316 
270 
243 
2i'4 
211 
200 
191 
134 

410 
307 
261 
233 
215 
201 
190 
182 
174 

403 
2g9 
254 
226 
208 
194 
183 
174 
167 



TO CONTROL AND MA IT-ANCE.CIRCULATION ACCOPING
TO A SITECIRCULATION *N4RELATICN41 42. CIRCULATION 

EXTERIOR CIRCULATIO:S/ACCBSSES: the existing and proposed SEMI-PRIVATE ;D PUBLIC CIRCULATION: The land which is 

circulation systen/accesses outside of t-he tate but utilized by the circulation grid is usually considered 

These include limited access highways to he under public ownership.affecting-the site. 

as well as rcshing access to the surrounding areas.
 

are those 
CIRCULATION: Provide interaccessibtlity among land 	 Exterior circulatien/acceses are generally given Circulation areas ,nder sen-private ownership 
uses, by reans of: -conditions. 	 which have restricted private use as a crseguence of
 

the layout. This al'ows maximization of private rem­

ponsibilities ever control and maintenance of the roads.
 
foot. horse, cycle, auto, truck, transit, train, 


Aeat Furthermore, develop.ent costs P . greatly reduced. 

boat, aircraft. 

2. 	 Routes or ways: 

path, road or street, rail, waterway, airway.
 

3. 	 Terminals:
 

parking space, dock, part. etc. g> CICLTIO ACCO TO ODEOFUSE O SERE
 

f I tefollowingCrtN Tthese pa ANDer ar Onsidered:I 
For purposes of this study circulation-will 

be analized 


SPEED Usual speed, expressed in Kilozeters Per
in relation to: 


- Urban Residential Areas (3)(5) Hour. (Kph)
 

- Site and Services Programs Q Kilometer - 0.625 mile)
 

- Pedestrian and Vehicular Routes (RoJ system) 
 (1.6 Kilometer - 1 mile)
 

- Parking Areas (Terminals)
 
CAPACITY Expressed in Vehicles Per Lane Per Hour
 

(6) V/L/H).
 

CHARACTER Use characteristics, basically expressed in
 

(4) (7) terms of Pedestrian and Vehicles. 

CLASSIFICATION 	 INTERIOR CIRCULATION NETWORK: the pedestrian/automobile CONTROL Maner of achievina the desired use.
 

In relation to a Site: 	 circulation system inside the site. This is a design (8)
 

component to be determined by the exterior
1. 	EXTERIOR 

WIDTH Right of Way (R.O.W.), expressed in terms of
 

accesses (existing conditions) and land development
-2. INTERIOR 

(9) meters (m); Includes sidewalks, parking and
requirements. 


traffic lanes, median and/or green strips.
According to Control and Maintenance: 

(I meter - 3.33 ft.)
1. 	PRIVATE (Nor included in i.tudy) 

(0.3 meter - 1.00 ft.)

2. 	SEMI-PPIVATE 


3. 	PUBLIC 
 -LAES 	 Expressed in number of lanes ( 
0

); includes 

(10) parking, median and trafiic lanes.
 

According to Mode of Use:
 

1. 	 PEDtSTRIANS GRADE Acceptable inclination of the raods, express­

2. 	PEDESTRIANS (dominant) AND VEHICLES ed in percentage (Ii.
 

3. 	VEHICLES AND PEDESTRIANS
 

FUNCTION Service given for various modes4. 	 VEHICLES (dominant) AND PEDESTRIANS 
(12)S. 	VEN:WLS 


SPACING Distance between roads within the road net-
According to Area Served: 


(13) work (grid), expressed in meters (m).i. 	PATHS 


2. 	 LOCAL STREET 

3. 	 SECONDARY STREET 

4. MINOR ARTERIAL
 

5a. MAJOR ARTERIAL
 

5b. INTRA COMMUNITY HIGHWAY
 

Sc. INTERSTATE
 



CIRCULATION MODES, USERS, ROAD CHARACTERISTICS
 

u- I?. ROADC'AACTERISTICS 

MODES TYPES Pl'PESTPJA AUTfOBILIS WIDTh i,,:- G: o 
I 

FUNCT .ONAczcp ted 
SPACIN 

SPES CHARACTER SPEED CAP. I ACOTROL 

1 2 3 4 5 if i1 12 13 

PEDESTRIANS Paths 4 P0edstrin 
circulation 

trOT 
'NPLICAITIE 

,;OTAPPLICAIZ is established by the dc-
sign. thoJstreet layo't 

3-4 i'.7 
Afll.i 

0 - , 0: ,-or 0e,*c 
a c0ess to interior 

8n-200 

and other Only emerqency vehicles access and use.] los r -­-unal parking 
social func- ftnni non. 
tions: Chil­
dren.n-esei for hued 
people gath-

crinq, -tro-
iling. Ied 

an 
I.rc--
vcn 

ntrolled accnnS 
aed ce.ro-. y

los soh as .re 

of 

Sure etc. t ,:cks,- ulances, olicc 

PEDESTRIANS Pesidential 4 Pedestrian 16 Pedestrian dornate over Control of traffic fre- 9-12 2 32 Gnd. access to residential 80-200 
(dominate) Street circulation, v'hicles. quency, character rnd i--roort-t 

AN D strollin, 24 speed are tainly esta- 12-16 3 
VEHIICLES *:eiahborhood Usually local traffic limited blished b the street 

Street to pedestrians and private, la-out and use. 
eernnny. ncrin. ohiclcs. 

minor Street 

Local Street
 

VEIIICLES Collector 4 Pedestran 30 100 *.'ohnclos niennat. ht do not Controls ar, estal ishd i2-l. 3 5 ,.'o-i-lde for thrunh 400-800 
AND Street circulation, control circnl-ta:on. for the protection of to tr-fic, rap d lir te a 

PEDESTRIA:C strollinq 40 -destriano: .q-22 4 roich .hc!. cr,- cro'ss1 

Secondary Usually local a-. throu.h crosualks. traffic lizhts to c -unnl ntrclo ts
 
Street - traffic for all kI-ds of cans. usor.a-scn- and u- -, , e
 

" ns- in ~i and.s un 23-t re:.-. Os n-,
venrles and podestrnans. derpasses. str. ets ant are u-el for 

Connector sie-on]ry transport ront-s. 
Street 

!f
 
VEhIICLES "inter 4 Pedestrian 60 610 '.ehncl,'s di-on te stronily Stricter controls are es- 2t-2f 4 to tO.* 1200-160 
;dominate) Cos-e;nity circulation oer pcd,5 trrans. taulishe fcr the protec- tfrsr-san-

AND Ac,-s -900 tios-of peiestrian: r 15 It-3. a sn usu-
PEDESTRI,.NA Usually throuqh traffic for rails, traffic lihts, a 'y , n-' ,r trns­

A'rr ,all kinds of vehicles and overpasses and under- t-.tt i-ctthin I-
Arterial -edestrian, passes. t irnil-aln 


. 
Distribtnr -fn,, -f the d' ­

r i,,n ,fltFr-mry
 
S t -.. t 

-,reP. I 

"rtonas N'OT APPLICA.LE ,' 0,:Oh -O -," Wnt5 contro for .- .,,:t .,: forVErC|S "rt.r~~ IC"SO .-l~ntn'.'ly , "+r:* ,-,afoty sarc os-talhliot.I.. -,:' 
P la- nolte ;-of --- aft, fw. f b, f. 

lnt~a 1-,3- 5o 

Throulh tr,rffic f-r all kinds unit-. 
of vehicles.

96 I 6 0t - ble 
.hruway I00 lolitan continSity and 
.ollroad 1n00 u t. 
interstate i 

http:APPLICA.LE
http:PEDESTRI,.NA


STREET/ROAD SECTIONS 


W 
__-__4_W - Walk lane 

3T - Through traffic lane 
P - Parking lane 

4 - -- Median lane 

PEDESTRIANS 


W 	 T/P W 

"-	 R.O W. 

9 meters 


4 2 	 12 meters 


- PEDESTRIANS (dominate) AND VEHICLESr 

T/P T TT W 

1.5 3 3 3 1.5uldO.W.
3 311.5 12 meters416 meters 


W 
T/P T T T/P 

W" 

R.O.W. 
3 3 ,3.3 ,3 3. 1. meters 
4 - 3 4 4 3 4 22 meters 

-VEHICLES AND PEDESTRIANS 

N T -T M/T T w 
3 3 

4 	 I 4 -


VEHICLES AND PEDESTRIANS R.O.W. 
- VEHICLES (dominate) AND PEDESTRIANS 23 meters 

28 meters 

w T T T NIT T T W 


I 41 ! 34 34 .441 | 1 3 34 : 44 

R.O.W. 
VEHICLES(dominate) AN PEDESTRIANS 29 meters 

36 meters 


DESIGN IPPLICATIONS 


.compulsory 

A. 	Staging of Circulation 


In low cost residential urbanization developments. the
 
initial construction of the entire circulation system 


is usually prohibitively expensive, 


Priorities for circulation development 
must be esta­

blished which relate to initial and projected popula­

tion densities. Only ninizum anounts of circulation 

and infrastructure which will allow the co-eunity to 

function at a particular stage of development should 


be provided. The staging of the circulation develop­

ment must be coordination with the staging of infra­

structure. Water, sewerage, storm drainage, electricity
 

and telephone has been expanding with expanding densi-


ties and new development. Since rost utility easements
 
are within circulation R.O.W.'s, the development of both 


should be concurrent. 

In the planning and initial occupation of the develop-


ment, land needs to be set aside for all of the proposed 


R.O.W.'s and infrastructure easements. Initially, only
 

those circulation modes which provide for public transit
 

routes and access to individual lots need be developed, 

As densities increase, they can be developed and cur­

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 easily altered to meet 
changing demands.
 

-
The network layout within the Site is determined by the 


size and proportion of lots forming a typical block,-

maximum desirable travel distancesand the interplay of
 

"	 movement between pedestrians and vehicles. 


The primary ordering fraework around which the Site is 

developed is provided by the Circulation network: it is 

in defining Infrastructure networks and a 

helpful factor in defining Land Use. 

Circulation can be considered a critical factor specially
 

in those cases (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
 
(See Land Use) is better and utilities provision is
 
cheaper.
 

C. 	 Circulation Requirements 

THE OVERALL PHYSICAL PLAN, INCLUDING CIRCULATION LAYOUT 

AND LAND USE (See Land Use) IS THE BASIC ELEMENT OF ANYPOET 
PROJECT.
 

ERRORS OR MISCONCEPTIONS AT THE LEVEL OF THE PHYSICAL-


PLAN WILL AFFECT ALL OTHER ASPECTS AND DETAILS INVOLVED.
 

Basic circulation requirements are specially related 

with: 

1) 	 CIRCULATION LENGTH contain almost all the Utility 

and Services lines (water, sewage, electricity, gar­

bage collection, street cleaning, etc.), and for 

these reasons 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
 

BETWtEEN CERTAIN LIMITS SHOULD BE AN IVORTANT GOAL. 

2) AREA USED FOR CIRCULATION PURPOSES. The provision 

of an excess circulation area at the expense,of 
private areas has direct consequences in the econo­

mic feasibility of the project. 

It means more or less little private lots Lnd also
 

less area available for cormercial, educaticnal and 
other facilities, which is a crit cal issue in Site 

and Services projects (See Land Use). 

An evaluation of many cases indicated that the aver­

age area % dedicated t: circulation use is 20-25%.
 



PARKING AREAS 


In urbanizations without direct vehicular access to all
 

iota 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
 

land-use categories. In residential areas, the ratio is
 

stated as the number of parking spaces per dwelling unit
 

or family. 


Req..irements 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 of: climate, site topography, walking times,
 

market factors and distances related to the transporting
 

of goods by hand. 

Recoonended distances from the parking facility to the 

most remote dwelling unit vary between 60 meters and 

Since these facilities do not produce income from the
 

land set aside for parking, it is recommended that land
 

of access.with potentially low economic value be reserved forconvenik'-e
maintaining

this purpose; 

1. PRIVATE (within individual lots)
 

parking (Not included in study) 


classification 


2. PUBLIC A. ON street 

B. OFF street 


PARKING BAYS 

PALLELBASIC 
PARALLELrs 

33.00 to 43.20 
c.0 2 

SPACE UNIT 
2.50 to 2.70 

y. 

900 SIMPLE BAY 

12 carsIJ 

30.00 to 35.00 

sq. m./car 

30 meters (100 ft.) 

T 

o 

450 SIMPLE BAY 

7 cars 

38.57 to 42.80 
sq. M./cars 

30 meters (100 ft.) 

900 DOUBLE BAY 

24 cars 

22.50 tro2500 

sq. ./car 

I33.20 

!car 

450 DOUBLE BAY 

to 35.35 

900 2 DOUBLE BAY 
00 DUEA 

40 cars 

. 
450 DOUBLE BAY 
2cars 

careI: 

'~ 
LZ 

a;j 



43, WATER SUPPLYJj43 W T R UP L 
WASTEWATER SYSTEMS: 
SANITARY SEWERAGE, 

STORM DRAINAGE 


Water supply and wastewater systems Isani-


tary sewerage and storm drainage) are inter- 

aras. mtroplitn
depedentin he Wrldsourcen 


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, 371. 

The information included here is rather sum-

marized and should be used only for refer-


ence, ranges, or to clarify criteria. 


.l. 
EFNTIN CO?'PG:;F?;TS OF TIIZ WATE:R SU:PLYCO 

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

ing water (as for a community) usually in-

volving reservoirs, pipelines, nd often the 

Groundwater 

well fields, infiltrtion I 

Surfaewater 

tcrshed lakes, rain 

watershed from which the water is ultimately |LLEION springs galleries areas rivers 
drwcncnrtono
 

drw.concentration 


The COMPONENTS of the water supply system
 
are illustrated in the following figures: 


119: pp. 12-241
 

-Water Supply Network Diagram (fig # 


-Collection Components Chart (fig # )" 

-Transmission Lines (fig I 


-Trasmisio ).pipes(ig 

-TetetSses(i 

-Augmentation Components Chart (fig #) 


-Distribution Systems Chart (fig I *form 
-istribton CoponentsChat fig # 

or
 
tapping of water-


for use 


.]
 

S SSIO;
 

transportation of
 
collected water to 

the area of use 


Lins 

RANT -- ] 
purification of thc: 
water into a useable 

dispersion of 
water to the
 
user 

L -- N 

aquaducts 
channels 

filters 
processing 

E A.. N'TTON 

balancing demand 
and supply of 
water 

pumps 

water towers A 
reservoirs 



LAKES, RIVERS RAINFALL
COMPONENT: WELLS,SPRINGS,INFILTRATION WATERIED AREAS 

GALLERIES
 

from natural receives water from rainfall
fro.,under- receives water from surface receives water 


ground seepage runoff collection source
 
FUNCTION: 	 receives water 

developer installs, finances developer finances as need- usually individual responsi­
on scale! large
•RESPONSIBILITY:dcpendent 
 bility


scale developer furnishes; and maintains as needed ed 

smalL-icale individual
 

regional board individual controls
 
CONTROL: collection systems deeded to city in all cases 


regional board controls 
 controls
 

most common system rarely used in urban areas
 
CHARACTERISTICS:syste dependent on soil size is dependent on rain-


for very large urban
and geological 	conditions; fall, evaporation rate, 

only used if no other
areas 

alternative
generally used for indiv- and runoff 


idual use 

hilly terrain is best for
 

best fo5 large lots over 
 use of the catchment area
 
1,000 is
 a 25-50 year design period
 

SCALE OF	 
supply determines scale purifieation cost de- usually individual dwellings
 

DEVELOPMENT: 	 densities less than 10/ 

p/ha. if individual; cities over 500,000 terminces scale:
 
suburbs 25,000 to 
 cities over 500,000
 

50.000 population if
 
city system
 

New York, Boston Chicago 	 Bermuda

EXAMPLE OF USE: Memphis, Tennessee 


large scale econmical
ADVANTAGES: 	 low cost 
 unlimited supply
supply 


dependent on weather; dry
dry seasons may affect may be highly pol-


to connect to city system supply; may require long

DISADVANTAGES: 	pollution danger; forced 
 luted 	 seasons may limit supply
 

distance transmission lines
 

drop water table level
 
if individual well; wells 




TRALJSMXSSIO LINES TEATlENT SYSTEM4S 

oO= .-E-NDISTIBUTIONTION I L ONI-ISSIO ++S 

CORPONENT: Transmission lines COMPONENT: Filtration plant 

FUNCTION: 

RESPONSIBILITY: 

CONTROL: 

conveys water from collection source to ares 
of use: generally from waterthed areas or 
distant lakes not used in connection with 
wells, adjacent lakes. 

developer finances and installs 

deeded to city 

FUNCTION: 

RESPONSIBIUZTY: 

CONTROL: 

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

dcvcloper finances and installs 

deeded to city; American Public Health Service 
controls quality in the U.S. 

CHARACTERISTICS: generally composed of pipe sizes over 24' or 
large cover.-d channels; 48 not an uncommon 
size of pipe. tuc this use, New York City 
uses I10" & 204" pipL. 

CHARACTERISTICS: treatment process consists of removing solids 
and purify-ng. Objectionanle taste, odor, 
temerature and color are altered to desired 
quality of water. 

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

transmission lines should be kept to a min-
Imum in length because of the high cost for 
installation, 

a service storage system is generally used to 
store the %iater supply after purifying. 

prime but remote areas may be developed by -
staging the filtration system. Only initial 
needs are mt; they nay then be economically 
annexed by the city as expansion occurs. 

SCALE OF 
DEEOP:MENT3 determined by supply available, distance 

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

initial costs are high. 

20-25 year design period 

STEPS IN PROCESS OF TRE.ATME;T: 

aeration: oxidation of iron, removal of CO, 

addition of oxygen to water 

sedimentation: settling out of heavy suc 
pended matter; process speeded by 
addition of ALSO4 to coagulate 
colloidal matter 

filtration: removal of solid particles 

disinfection: addition of chemical which kills 
bacteria causing disease; usually 

chlorine is used. 

Treatment plants generally have a capacity of 
1/2 to 1/3 of the required capacity for the 
system. 

SCALE OF 
DEVELOPYEWNT: Limited by supply and cost which developer is 

willing to assume. 



DISTRIBUTION SYSTEMS 

El 

COMPONENT: Tree system Radial system Grid system COMPONENT: BOOSTER PUMP WATER TOWER WATER TANK RESERVOIRS 

RESPONSIBILITY: developer 

CONTROL: deeded to city 

finances and installs 

in all cases 

FUNCTION: increase of line 
pressure for bett-
er service 

communal scale individual scale 
backup supply; backup supply: also 

provides press- provides house pres-

ure also; sure backup 

stores water till 
use, controls flu 
tuations in supplj 
and pressure 

CHARACTERISTICS:usually in low 
density, out-
lying regions. 

dead ends need 
constant 
flushing to 
prevent bact-
erial growth 

min. main: 8" 
with 2", 4' or 
6" feeders 
(USA) 

surrounds 
several city 
blocks 

usually in-
eludes backup 
feeder pipes 
to augment flow 

most coron 
system in 
urban areas 

a hicarchial 
system, 
nested sizes 
increase as 
system grows
in scale. 

system is 
composed of 
tree and 
radial net-

RESPONSIBILITY: developer finances and installs individual 

CONTROL:" deeded to city deeded to city individual 

CHARACTERISTICS:generally raises pueps are used pressure when avail-
pressure to in- to fill towers ble fills tanks 

crease distance and 
height of flow regalate flow if regulates flow 

service is irreg-when service is 
used to maintain ular or pressure highly irregular 

required pressure varies or pressure drops 
during peak cend-

capacity: ene to itions 
three day supply 

developer install! 

deeded to city 

usually covered t4 
keep out impuriti 

one to three day 
storage required 

supply also used 
naintenance of thi 
fire supply 

usually a single 
main trunk. re-
ducing in dia-

meter as the 
pipes are located 
farther from the 
source. 

works, also used for capacity: 
fire storage supply 

standard tanks 
are 50' diameter 
at 1 million gallons 
and 90' diameter 

one days 
generally positiol
on high elevation 

filled by pumping 
or transmission 
line pressures 

at 2 million gallons 

,SCALE OF 
DEVELOPENT: Best for a 

linear city 
growth pattern 

relatively 
small scale 

relatively 
large scale 

welded tanks available 
at 50,000 to 500,000 
gallons 

ADVA.NTAGES: avoids dupli-
cation of 
large feeder 
lines 

provides flow backup if break 
occurs, allows easy mainten­
anee, fits pattern of streets 
easily. 

DISADVANTAGES: water liable 
to quick stag-
nation 

Many dupli­
care lines 

No clear idea 
No cross as to how 

connections water flows 

in reserve for in system 
repairs 

usually difficult 
to size for fire 
flows 



COMPONENT: 

FUNCTIONs 


RESPONSIBILITY: 


CONTROL: 


CHARACTERISTICS: 


SCALE OF
 
DEVELOPMENT: 


-I 

1--i---rh -


I I I I 
DISTRIBUTION LINESDISTRIBUTION MAINS 

Supplies water to distribu- supplies water to house 

lines


tion lines 


develcper finances and installs, if oversized 


.(for expansion) city u~ually contributes to 


costs
 

deeded to city in both cases 


pipe sizes 12' and over are generally pipe sizes of 


considered mains (U.S.) 
 6"; also 2', 4' and 8" 


max. pressure of 130 psi, pressure ranges from 

20 to 60 psi, 40 average
40 average, 20 psi min. 


sized with 250 gpcd capacity 


usually east or spun iron; asbestos-cement, 

pvc or rEinforced concrete also used 


designad for peak daily flows designed for peak hourly 

flows 


20-25 year design capacity 

2": not suitable for 


average miles of mains per 
 extension; 

2.6: 4"; not suitable if
 

1000 population: 

range: 
 0.7 	to 5.3 in small growth of demand; 


6"; for bulk flows,
communities 

extensions
 
8*: for reinforcement
 
lines
 

each block of develop-


grid ment

400/600 meter distribution 


ACCESS POINTS
 

INDIVIDUAL
 

SERVICE LINES 

supplies water to individual
dwellings 


house lines are individual 


house lines are individual 


3/4" min. house pipe USA 

Code; to 1 l/2*; sometimes 

1/2" 


min. pressure 8 psi for 

fauc flow 


capacity varies from 20 to 

150 gpcd (US) 


copper most common pipe; 


steel, lead and pvc also 

used in pipes 


designed for probability 

of use per minute 


designed for full use
 

individual dwelling 


COW;UNAL 

FLW METERSSTANDPIPES 

wotr
supplies public faucet controls flow of
 

installed by city or individual
 
developer
 

deeded to city
 

pipe size determined by 

expansion potential 


capacity of 1.5 to 5 

gpcd. dependent on dis­
tance from standpipe. 

5 gpcd standard 


designed for temporary
 
use of full development 


100 to 300 meter
 

use of meters cuts
 
use of water by
 
approximately one­
half
 

requires extra pres­
sure for operation,
 
high friction loss
 

first cost is high,
 
$35-70 (US)
 

recommended when cost
 
oecopen henh,
 
of operation high,
 
quantity of water
 
of water required 



DISTRIBUTION COMPONENTS
 

VALVES
FREE FLOW CONNECTIONS FIRE HYDRANTS 


,allows use of any accessiblQ water sources to provides main­

amount; controls by smother fires 
 tenance and
 

cost of water 
 failure cutoffs 

installed by developer
 

flat rate of water per deeded to city
 
tine unit
 

usually higher water may only be placed on 6' pipe 
 usually placed
 

use than if with for adequate flow capacity at intersections
 
metered by a factor
 
of 2 pressures of 20 to 60 psi spacing is 100 m
 

allowed if fire department to 200 m.
 

does not require extra have punper trucks: pres­
pressures for oper-
 sures above 60 psi necessary
 
ation if no truck augurcntation
 

available
 
no installation costs
 

fire flows of approximately
 
recommended if there 175-250 gpm required, depen­
is an inefficient 
 dent on size of community
 
collection and read- and value of area
 
ing service and if
 
water is relatively spacing of hydrants from 60 m.
 

cheap and available to 125 m., dependent on pro­
perty value: usually placed at
 
street intersections
 



The CAPACITY of existing/proposed water dis­___ REQUIRED C___ ON_TS 

tribution systems adjacent/available to a 
CONSTRUCTION COSTS for water supply systems 


vary from $300 per capita in the USA (1965) 


site should be adequate to carry the load of 
(36: p. 2-26) to $25 per capita in develop-	 WATER SUPPLY OUCE 


INDIVIDUAL 	 the proposed settlement as well as future
 
ing countries (1962) (38: p. 54j. The total- EXISTING WATER NEI;SYS7Z" 

SYSTder
 
construction cost of a water supply systemI fre, wells, cisterns
 

SYST: 
source
follows: COLLECTION not applicable iest 


system. If connection to a public system
is distributed approximately as 
rivers, lakes, 

well fields are
 
more expensive 
 is possible, the developer should ascertain
 

36: p. 2-262 


its capacity from the appropriate local'0r1cuird transmisslon not applicable 
-Purification-Treatment: 10% iosu di ri- 1:1s shuld be 

TRANSM.'Sl Jf f 

butio., r-a) n.,In,ized be- authority (8: p. 451. The development of 
-Distribution: SO% ______ _______ u5C cost 

-Dstibtin sa 	 site may be precluded when its prospec­

15% TREATMENT nt applicalOe nu-,t neet U.S. (sometimes-Service Lines, Meters: 
 , 	 p.b:ic health chlcrine treat- tive water supply is either unavailable or
 
stAndafds 
 ment necessary)


--	 , of inadequate capacity.
 

}new .4istribution pumped flow toDISTRIBUTION conn¢.t 'n of 

The AVAILABILITY of existing/proposed water 
 new syste- of grid of mains and dwelling required 

mains and ser- services must bein relation to a pro-distribution systems 	 The capacity of a water distribution systemvices to exist- laid 

ing grid;might


spective site is an important factor in 	 to serve a site is a function of: 136s p.
require press-


site selection (8: p. 452 (See: LOCATION). ure boost pl,'I 	 13-41 

DEVELOPMENT limited by city limited by water individual lots; 	 -QUANTITY (rate of draft) of the water it 
suly and a-.1unt less than 10supply avail- zu


ALTERNATIVES for 	supplying water to a site 
provides to the site.
 

omical density: econcrical dens:iI
 
able; min.crcn- invested: min. p/ha. 


are the same whether the site is within a 	 -PRESSURE of the water in the system at the
A10/ha. 10 p/ha. 

mjrdsrbtogrd(sianubn ADVANTAGES: lower costs, a Ino dependence onI an economical site.
 

proven reliable city System if supply
 
area) system the supply is
or outside a major grid (as in a newly 


developed fwinge area). The alternatives inadequate or
 
11aulty I 	 Most water supply and wastewater disposal
 

high first cost seasonal varia-	 systems include relatively massive struc­are: [19: p. 201 	 DISADVANTAGES if city supply 


is faulty, r- duplication of tion possible,
 
-Connection to an existing distribution net-	 tures (dams, reservoirs, treatment works,
liance on bad city system danger of 


system 	 pollution, must
work. 
 and extensive piping) which take a long time
tie-in with city 


-Development of a new central distribution - " ..... . .. 	 to construct and are not easy to expand. 

Selecting the CAPACITY of these systems is
 
network. 


-De-velopment of individual water supply sY- not simple. Among the needed estimates are
 

the following: (36: p. 5-21
 
tems. 


-Period: the number of years for which the
 

The following chart (fig' } illustrates 	 proposed-system and its components are to be
 

adequate: see (fig 8 1 for periods often 
the water supply 	components necessary for 


each of these alternatives.(19: p. 211 	 employed in practice.
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-Population: the number of people to be 


served. 


-Flows: the rates of water use and waste-


water release in terms of per capita con-


sumptin 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 resideneial, 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 area 


is a function of such existing/estimated 


factors as: [19: p. 25, 30, 311 


-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; there may be var-

iations between high, medium, and low income 

residential areas; as the density of an area 

increases, the demand for water in that area 

increases. 

-Local Climatic Conditions: extremes of 

heat and cold increase consumptirn; arid 

areas require a larger water supply than 

areas with high rainfall. 

-Habits of People: culture, living patterns 

as facors 

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-

% 100%; e ters2 
 bystallation of sewers increases water use 

to 100%; installation of meters can de-


oI intalaio of can do-
crease water use by 50%. 

-Fire Flows: and not demands for per capita 

consumption determine the size and supply of 

US water supply systems (especially those in 

smll towns); this is true even though the• 


quantity of water used yearly for fire 


fighting is small; oversizing the system for 


fire flow standards can reprcsent up to 401 


of today's piping costs. 

•i 


-Pressure: with high pressure, more water 


is used and more is wasted through pipe 

leakage and faucet overflew. 


-Water Quality: better quality water 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 used for domestic pur­

poses in the USA is distributed approxi­

mately as follows: (19: p. 293
 

-Flushing toilets: 41% 

-Washing and bathing: 37% 

-Kitchen use: 6% 

-Drinking: 5% 

-Washing clothes: 4% 

-General household use: 3% 

-Gardening: 3% 

-Car washing: 1% 

Ranges of the quantities of water demanded
 

per person per day are illustrated in the 

following chart (fig # ) [19: p. 271. 

PER rELOi PER DAY 

Per Person Per Day
PerIa ay
 

Liters I Gallons 

physiological minimum- l- (l quart) 
D4.LANDIvaries 6- 1.5 Min.subsistence constant 

Communal Standpipe with per unit 
dist. 20- 5 of pop. 

40 10 [I 

I0-
inimun, individual-i 20
 

faucet, metered (US) 
120- 30-­120V 

_j-CINVA160-40- AID 
H RSN 

Average use (US 1966)- 200- 50 DEMAND 

duo to 
Single family dwelling 240 60higher 

(US 1960) 20 70 standardsand
 

320 60 change 

360 90 lifestyles 

400 100 

:a0 110 
12
 

dwellings (US 4800 120 
Luxuiry delns(S1960)
 

520 130 

5 4
 

500 150
 

Range of use in the United Statest 35 to 546 gallons/person/day 



Variations in quantity of water demanded 


occur: 136: p. 5-161 


-Seasonally: major peaks occur during sum-


mr heat, drought; minor peaks occur during 


extreme winter cold. 


-Daily: peaks en weekdays; troughs on week 


ends. 


-Hourly: peaks at noon: troughs in the ear-


ly hours of the mrning. 


-In addition there must be suitable allow-

ances for sudden, heavy, unpredictable 

drafts to fight fires. 

The quantity of water demand is measured in: 

19: p. 261 

-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 Cgpm); liters per min­

ute (1pm): rate of water draft. 


The PRESSURE applied to water in a system
 

deternir-s the rate of flow (velocity) of 


the wat z in that system. Pressure is lost 

through friction from the pipe walls, fit-

tings, and bends, indirectly, pressure 

determines the distance water will flow 

through a given pipe. For example: a 6' 

pipe will serve dwellings for a distance of 

X meters at Y pressure; if the pressure is 

doubled, 2Y will serve dwellings for a dis­

tance of 2X meters. Two ways to develop 

pressure are: [19: p. 341 

-Elevation: aravity provic3.s the potential 

ene7gy. 

-Pumping: energy is induced artificially
 

through mechanical means.
 

A comparison of pressures recommended by 


existing standards is illustrated in the 


following diagram (fig I ): [19: p. 361 


-CINVA standards do not include fire flow 


conditions, but are reasonable for use in 


developing countries from the technical 


installation and consuxption demand aspects. 


-APHA standards (USA) include fire flow 


conditions, but pumpers would be required. 

-AID standards are impractical for low in-

come developing areas. Although tne fire 

pressure would be adequate without expensive 

pumping equipment, the necessary installa-


tion skills, additional piping expense, anO 


the increased water consumption (and wast! 

make these standards unrea:istic for dovel­

oping countries. 


P-SSUR COMPARSON 

POUNDS 

W~nddvrLT -RDS Actual or~curd 
SQUArE INCH
 

5
 
Standard faucet flow _8
 

0
 
limum residual pressura -1 

C1NvAlS.--story minimum~ ~ ~inimumrcrrT ~i.uM~~~~~~~ __ 26_,_tr 

Minicum c2---i-tory minimu 

B- tory minimum 

Hormal runcipal practice 

j5 
- B 

oston 
4 5southern 

Low service
 
so -


oston Southern 
APHA 5igh service

60
 
Maxic.= pressure required-

for fire flow if pumper 65 - ihston Northern 

fire engine used 7 high service 

Boston Southern
x.75
AID ­__-- Extra High service
 

i:0
 

100 
105 

110
 

120 
125
 
1 3 0 

Pressure li.mit,normal­

*High services 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.
 



for PRESSURE REUIREMENS includes:Criteria 

[19: p. 351 

-Minimum pressure of 8 psi (the amount need-


ed for faucet flow) should be available at 


the farthest reaches of the network for sat-


isfactory service, 
stadar 

is 20 psi-Minimum standard pressure in USA 

at the street line to overcome frictional 


in the house distribution system.
resistance 

-Pipes should be sized to achieve minimum 

Larger pipes allow greater
pressure loss. 


lengths, because they offer less frictional 

resistance and, thus, less pressure loss. 


-Pressures over 60 psi: are not needed for 


fire flow; induce high leakage losses in a 


system; and necessitate stronger, more 


costly pipe. The higher the pressure, the 


more water will be consumed, 


-130 psi is considered to be the upper pres-


sure limit. 

of: WATER QUALITY STANDARDS promulgated in USA 
Water pressure can be measured in terms 

by the U.S. Public Health Service, 1962 
[19: p. 34] 

covr:13: p 1-1150,000
1-1, 


-Feet of head: historical measure from 	 cover: [36: p. 19-17, 19-181 


-WATER SOURCES and their PROTECTION: gen-
gravity source. 


ral rules.
(psi): pressure per
-Pounds per square inch 


-BACTERIOLOGICAL QUALITY: specific rules. 

prssue a wos i 20psibush
unit area. 

metric -PHYSICAL aIApACERISTICS: acceptable 
per square centimeter:-Kilograms 

limits.
pressure per unit area. 


-Ci:EMICAL CHARACTERISTICS: acceptable 

public water supply is a limits.The QUALITY of the 

major function of the quality of the public 


MARDS,health. "Water to be used for a public sup-	 U.S. PIIPLIC VFlALTti SEV!VCtS DRIlhlt. hATR STOc 
1946 [34: rP. 672-6251 

ply must be potable/drinkable. However, 
A. SL-ards for "A.-S s3ioCPSao1 their ph.yTtZTIOti: 

water should not be chemically pure; water ot!Lrc sonrral ruotc for tuter eoacs an dnr.n 
of -atcr­

rc iird anti-pilut ion controls. "Azinoval 


devoid of dissolved and suspended matter is systc-s is subject to clone ts.orocecrt or sanitary 


Frop:r cFraticn by qualified pornonnel. 
neither palata;,le nor hygenic. Water that adc-,iatc capacityprecaution., to 7oot pEao dorands without danger, 

reliable rcording of analytical results, and rom-
pllane with :u-lsty staodards" [36: p. 19-19).

is ideal as a beverage may not be suitable 

from a source which
for all other purposes such as: washing, water supply shall be obtuined 

is: 
bathing, ice Maging, paper manufacturing, -free from or 

-Adoqotely purfied ty natural (physical, biological) 

etc. [37: p. 3851. 	 pre.-cs. or 
-Ae.iuately hi otrotol by artificial treutment. 

The water yt.s hcul: frre-is- , be frontt
fsulty design, or 

The quality of water may deteriorate after 	 -Sanitary Defects: location, 

consutucion of wat-r 
 sc-ks which -ay prcnnt water 

a distri- purification.Infor various reasons.treatment 
-iealth lic-d;s: faulty c;ecrattir condltioes which 

bution system, the quality may be affected eL!anrer at-er purifiatiln. 

B. stnao. j for P ,-T mVA;, 5UAriTY: define 
by: [37: p. 3751 


tile qialsty uP wa!- i oS of the -It 


probably c-1f-, of c-c1- <ri rotet,
-Corrosion of pipes. 

official ecahac of .hcoeri'ceical osility are 

o: it--tis t .. for the preence
-Flushing, which dislodges foreign matter. 	 to be bos-.. 

ty crate health
a. colifore bcteraFc ere. 

oe--nt isceranorss, w.tor works 

authorities, or c
-Ingress of dirt and living organisms 	 agncics, local 

c -cr1,es kcrcal la oraterien 

(36: p. 19-161.through leaks. 

The froquo-ny of oct thr location 
-Cros-connections, which permit the flow of 	 of 

-rs l'c-os system soo-ld be 

th.at the tocte zc-I. i' ai .-lity of the water 
w.plino points on th-

water into a conduit containing such 
sipply can ho aocueteli doter-ecod. The mjnieuz 

-coberof water soeples to be collected and exa tined 

nonpotable 

potable water. 
sach =onth shall be in accordance with the population 

as shown below 136. p. 19-181.
-Aftergrowth of organisms: 'bacteria, algae, 	 served 

etc.
 

-Solution of metals with which the water
 

comes in contact.
 

PER Mh-HOPU.TION SAPLES 

2to1 0,00 

50 

0000 95 

2,000.000 400
 

4,5000 500 

C. staclsrds for PhYsICAL CHARACTERISTICS. esit­
hemis for the turbidity, color, taste, and 

d which arc acceftable in drinking water. 

-he physical of . public water 

Csuply should be exacseed at least once a week to 
detrecine its accetability in terms of the 

followos litit, 	 b 

by so e ids, shall notcascd 
excoed 10 parts ptr million 
- e s0 be-Turidity: 

(p ) on the slurs 

-Color: caused by organic rmtter/minerals in solu­

tion; shall not excerd 20 parts per million (rpm) 

on the plation-ccilt scales. 
-Taste/,D-.r: ca.us:d by ale., dcco-posio9 organic 

matter, discoloed 9,0.s, industrial wastes shall 
sot h ebjectional. 

D. st-aurrds for CIl&Mh:AL Ci|.yCTERITICS: esta­

blish liits for tht secunts of selu,
sle mineral
 

substances ani rcidual treat -ot cheejcals which
 

are safe/acocptable in drinkin. vater.
 

The prescore of thec following (poaisonous) substances 
in -emse coentrations ctitut,- groun-d- for 

rejec- of the unty: lea, flucride. arsenic, 

.pll"tiOflon- h1 	 irs-1-t cbce-i-.. Salts of baritis,selcnico. 

heavalrot chrs-col, :. any ctl gloosides, or
 

other futaooe, dlet"rious physlological
tseio 

effects stall not be use-I in water treatment.
 

he full, inq oh-edt-l nh..:eor. ocurt in ut-

c.-I or tretrd -tn) s-c-al t occur in en­

cuitable s-1plies are availalle: cc)er, iron, 

manqrse.. eoei nc, chloride. sulfate, a.nd 
phenolic c -o es. Total solids in water of good 

00 pwn, but
 

10CO pm nay be 1-.rmitted if such water is not
 

available.
 

nhs-.oal qsality s.ie-ld not esceed 

(lies softened,
ore honically treated waters 

treated waters, etc.) specifir
reulitefioeschancg 


bi set.requirets concerning alkalinity should 



The OWNERSBIP/CONTROL/h MINISTRATION of wa-

ter supply can be: 137: pp. 582-5831 


-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 ccimsssioners, or 


the people. 


According to the World Health Organization 


WWO), 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 


1n a0 

than one municipality, water and sewerage 


authorities, with central purchasing and re-


pair services, can operate rore economically 


than separate smaller municipal ;gencies. 

Centralized operation has the added advert-

tags of making it economically possible to 

include highly skilled engineers and techni- 


tra 

l
 

cians on the staff. 


*All the public utilities in the metropol-

itan area can be combined into one central 


organizations experience in one metropolitan 

area with the consolidation of operation and 

maintenance functions for a number of public 

utilities, including water, sewerage, elec-

tricity and telephone services, has proved 

encouragIng, and this type of organization 

may be worth considering in other areas of 

the world" (41s p. 351. 

FINANCING a water supply or wastewater dis-

posal system can be accomplished by: 137: 

p. 601-6111 


-Direct Taxation: seldom used for self-


supporting services such as water works. 


-Special Assessments: levied against pro-


party to pay for improvements that are of 


direct ben.fit to the property assessed. 


-Revenue Bonds: may be issued by privately 


or publicly owned systems: use revenues 


from water supply and physical value of 


works as security. 


-Issuance of Stock: usually by privately 


owned waterworks, raises capital for the 


development of a water supply, which can be 


leased/sold to the city.
 
over
-Mortgage Bonds; may be sold to the public, 


usually by privately owned waterworks, as 


share, of the mortgage which resulted from 


the hypothecation of the physical assets or 


anticipated income of the works. 


-Government Grants and Loans: may be a-

warded to contributing and self-supporting 

waterworks, especially during periods of 


economic emergency or to encourage water 

consrvaton.1900 


conservation. 


The principal source of REVENUE for water 


supply and wastewater disposal systems comes 


from the sale of water [37: p. 605]. This 


self-liquidating attribute of water supply 


- (and sewerage) is extr emly important in 


justifying the considerable outlay of cap-


ital usually required. Water rates and 


sewerage charges must be determined properly 


but fairly for operation, ,aintanance, and 


amortization. A practical method for col-


lecting sewerage charges has been to make 


them a percentage of the water charges
 

[41t pp. 33-341.
 

APPENDIX 


THE WATER CRISIS 


The world's fresh water supply is limited; 


and, there is an increasing demand for that 


water. The following graph illustrates the 


balance between total available water and
 

the demand for water in the US from 1900 to 


2000 (fig # 1. 


(FIG i ) U.S. '4AT . B,'JANCE [5:p.4241 
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The rapid growth of both population and 

water consumption has sharply increased the
 

need for the re-use of water by all non-con­

sumptivu uses (industries) and increased the' 

need for control over the consumptive uses 

(artificial irrigation) [35: p. 4241.
 

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 50% of US water consumption
 

(1960); consumed nearly all water in many 

developing countries [35: pp. 423, 4241. 

Uses: aczounted for approxi­aey4 o Swte osmto 16)
 

mately 401 of US water consumption (1960);
 

a
 

world's water, while at the same time, mul­

tiplying the pressure of polldtion on nat­

ura' sources 135: pp. 424, 4251.
 

-Domestic Use: 'since water works were in­

troduced in European and American cities,
 

the quantities of water each citizen takes
 

and consequently thinks he needs have been 
n osqetytinsh ed aeba 
constantly mounting" 140: p. 1581. 

-Water Closet Sewage Systems: consume over
 

40% of US domestic water supply.
 

"It is sheer gord fortune that, as far as we
 

know, water is not lost to the globe, but
 

recirculates in the hydrological cycle of
 

no
nature, but unfortunately not as fast as we
 

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. 1751.
 



"As population grows so does industry, which
 

pours into our water supplies a vast array
 

"In the broad sense, water is a renewable 	 WATER POLLUTION (49: p. 126-128] 


resource. It circulates on the Earth in a 


complex series of pathways known collective- SIn many communities direct threats to human of contaminants: lead, detergents, sulfuric
 

health arrive through the faucet. The drink-	 acid, hydrofluoric acid, phenols, ethers,
 

benzenes, ammonia, and so on. As population
 

ly as the hydrological cycle (fig # ). The 


oceans serve as the principal reservoir, ing water that flows from the tap in some 


from which an estimated 675 cubic kilometers localities has already passed through seven 
 and industry grow, so does the need for in-


About 775 ck return or eight people." Through chlorination and creased agricultural production, which re­(ck) evaporate per day. 


to the ocean through condensation and pre- filtration this water should he safe to 
 sults in a heavier water-borne load of pes­

cipitation, there being a net windborne drink. "Unfortunately, the water in many US ticides, herbicides, and nitrates. A result
 

transfer of some 100 ck from the seas to the cities is often unrafe to drink. Although is the spread of pollution not just in
 

land. About 260 ck daily fall upon the land, proper chlorination may help, there is 
 streams, rivers, lakes, and along seashores,
 

growing evidence that high contents of or- but also (and most seriously) in groundwater,
100 ek of which are blown in from the sea 


and 160 ck have been previously evaporated 
 gsnic matter in water can somehow protect 	 where purificaLion is almost impossible.
 

The cycle is balanced by viruses from the effects of chlorine. In-	 With the spread of pollution goes the threat
 

of epidemics of hepatitus and dysentery, and
 

from 	the land. 


about 100 ck of daily runoff from the land fectious hepatitus is spreading alarmingly 


to the sea via the streams, rivers, and in the United States, and a major suspect of poisoning by exotic chemicals.
 

f1cm of ground water. But even though it for the route of transmission is the 'toi­

circulates, the finite supply of fresh water let-to-mouth pipeline' of many water systems 
 "Water pollution with sewage provides one of
 

still places limits on the number of people not made safe by chlorination. toe classic examples of diseconomies of
 

that can be supported, both in specific lo- scale accompanying population growth. If a
 

cations and on the Earth as a whole' 140: "As the populations of many munibipalities few people per mile live along a large
 

p. 	133] [49: pp. 63-64]. grow, their sewage treatment facilities, river, their sewage may be dumped directly
 

thougi once adequate, are quickly outgrown. 
 into the river and natural purification will
 

Funds for new facilities can be btained occur. But if the population increases, the
 

only at the expense of those needed for waste-degrading ability of the river becomes
 

better schools, police departments, water overstrained, and either the sewage or the
 

F 	 . L-4 "systems, roads, and other public services, intake water must be treated if the river 

1, , Inevitably, it seems, the available funds water is to be safe for drinking. Should the 

1W_ 	 are insufficient to meet all these needs, population along the river increase further,
 

which are created in part by increases in more and more elaborate and expensive treat­

population. Lax inspections and public ments will be required to keep the water 

- health standards permit construction o- sep- safe for human use and to maintain desirable 

,n534- tic tanks too close together or in unsuit- fishes and shellfishes in the river. In 

. .__ 


-bfk Socptm 

baLM.N- YML Ic4

Hpdn&-.. rtIn(Wbi Pt &aY).(Mou ft 7he UY. 

able soils in many of the rural and suburban general, the more people there are living in
 

areas where there are no general sewage fac- a watershed, the higher the per capita costs
 

ilities. 
 of avoiding water pollution will be."
 



WATER SUPPLY IN D.VELOPING C0UTRIES [38: 

pp. 10-162 

Water supply is a critical factor in public .
 

health and economic development in most 


parts of the world, particularly in devel-


oping countries. In 1963, the World Health 


Organization studied the urban water supply 


conditions 	and needs of developing countries 

in Africa, 	Asia, and Latin America. Very 


considerable shortages in urban water supply 


were reported for nearly every country as 


illustrated in the included charts (fig # ). 

The factors exerting the greatest effect on 


urban water deficiencies in most developing 


countries were identified as follows: 


-Although the improvement of water supplies 


depends largely on governmental support, 


many governments have not made water re-


quirements a matter of g-vernment policy. 

-Schemes for com-unity water supply are 

often not included in national development 


pln.Republ'C 

-Urban water needs are oft2n insufficiently 


represented in the general development of 


water resources because no priority policies 


have been established and no general master 


plans are 	in effect. 


-The most significant factor is the lack of 


adequate financial support. 


-Inept and inadequate operation and manage-


ment. lack of an effective administrative 


machinery and a lack of a technical staff to 


promote and design water supply systems and 


to improve existiq systems are additional 


handicaps. 

-The legislation is inadequate, water rights 

are poorly defined, and clear definition of 

responsibilities is lacking. 

-The role of ministries of health in corn-

munity water suply are not always clearly 

defined. 

As a result of the factors listed above, 


over 70% of the urban population of devel-


oping countries has an inadequate 3ired 

water service, or is being supplied with 

unsafe water, or both. Unless these defic-

eliminated, present shortcomings
iencies are 


will continue to exist and even worsen with 


rapid population -3xpansion. Where piped 


'dater is unavailable, people turn to sources 


that are likely to be exposing them-


selves to various water-borne diseases.. 


FIGUREFIGURE I# 	 WATER SUPPLY IN DEVELOPING 


COUNTRIES 
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0% 25% 50% 75% 100% MEnODS FOR .EDUCING WATER CONSUIIPTIOH AND THE COSTS .SUPPLY 
LATIN AjERCA 	 A. WATE6ZLESSTOILET SYSTEYS: could reduce US water 

consusption by up to 4G%. 

3 2
Promising innovations in this area include: (39, p. 1 

CENTRAL ANHEICA 	 -The Vacu-cIatie Ste. =ploys a vau- flushing
toilet, which uses aboutIS%of the water required by 

cost. ica 	 conventional toiletsI reducinJ sewerage collection 
and treatest as well as reducing water waste. 

-Self-contai- Toilet-incincrator: u:es no water, 

but requires fuel for burn'ng the sewage and can con-
Cuba 


tribute to air poIlution.
 
Doeinican 
Republic 	 -Closed Recirculating System: requires very infrt-

guest water supply and releases no sewageoutside 
El Salvador the system, reducing water supply and wastewater di.-I ' ; ximeal1 req-uir reerts. 

Cuatea.la " 	 H. A -I . ? B. lOCEPLtSS VIcE FIGiINJ:;: USing foams or fogs 

-aiti_ u Uld reduce the costs of water distribtonto 

! ,~ut
;0% af today's piping costs; and, since fire
 

Bondurae 	 reserves would no losge^r he necessa ry, are water 
wuld be available fur nvnsucption 129: pp. 34 351. 

Mealco 	 C. WATERFLOW-LIMITING DEV.CES: which are designed 

Nicaragua 	 not Earebilling purposes but to eliminate water 

wasts, are needed.
 

hena i -	 In the present state of water meter den-lop'ent, the 

RIC 	 mtrins of all coveeetnd cusnocecs is far Ensodrciiso 
in developing countries. Houwever,

ideal, especially 

TROPICAL SrUTH S..RICA I a durable, inexpensiee flow-lleiting device could be 
-st useful for the minim'- consncted custoners 

B v (those having only one faucet/dwnl1ng). By lower-
Solivia ---- joing water system construction costs through water'- --


control and by reducing operating costs rela­
- - tive to a oetered system, such a device could in-

Brazil 	 .Waste 

crease the number of dwellings connected and reduce 
the nusber of public hydrants 1382 pp. 29-30). 

ColobLa 


Ecuador 	 --r - . 

Peru 


Venezuela 	 --. 
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Argentina 	 - _containing 

Chile 	 S---
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lOTES: The na s of several of the developing coun-

tries studied by the World Health Organization have
 
changed sice the dote of the study, 1962. These 

cares In 1962 wer, 

(2) Federation of Rlhdesia and Nyasaland 

(31 uarda-Urundi
 
(4) So"alia 
(5) Tanganylka
(6) Congoe iDeopldville) 

(7) Yena 
(5) P akistan (ast and west) 

() Federation of Malaya
 

44. SANITARY SEWERAGE
 

DEFINITIONS
 

WASTEWATER SYSTEMS (Sewerage or Drainage 

Systems) are structures for the collection,
 

trcatent, and disposal of nanitary sewage 

(domestic and industrial wareewaters) and/or 

stormwater runoff. When sanitary sewage and 

storm waters are collected in the same sewer 

system, it is called a combined system of 

era ranw nthyreclcedsp
 
swrg n 

ately, in SANITARY SEWERAGE and STORM 

DRAINAGE, it is a separate system of sewer­

age. Combined sewerage is common in the 

hewrd(ono.Prs 

New York, Boston) , where they evolved from
 

existing systems for storm drainage (36: 

p. 3-1].
 

SANITARY SEWERAGE(*) - te systm of arti­

ficial usually subterranean conduit to carry
 

off sewage (composed of Excreta: waste mat­

terteliminated from the humlan body; Domestic 

Wastes: used water from a home/community 

0.1% total solids; and :tome In­

dustrial Wastes (34: p. 167]) but not water 

from ground, surface or storm. 

The PRIMARY PURPOSE of the sanitary sewer
 

network is to transport and dispose of human 

wastes from each househ-ld in a safe, sani-

Since a sewage disposal system

tary manner. 

is a potential source of contamination, the 

selection of sewerage modes should preceed
 

the selection Of Modes of water supply 119: 

. B98]
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C ION COMPONENTS 
COOPOENZNOS OF -T SVER hEWORX 

concent COMPONENT: RADIAL SYSTEM FAN SYSTEM PERPLNDICULAR SYSTEM ZONE SYSTEM INTERCEPTOR SYSTEM 

wastewaters RESPONSIBILITY: developer finances and installs in all cases 

CONTROL: systems deeded to city in all cases 

(-pumping if needed CHARACTERISTICS:for both con- for sanitary storm sewers or combined for combined for combined sys­
bined and
.sanitarysys­
te a 

systems systems 

rarely used for combined 

systems 

for irregular 

tems 

usually sized for 

used for flat 
systems topographical 

areas 
only small rain 
xlows 

sites 
requires water 
course to dump 
storm flows which 

ITREAT-IN'rys REATM ' Ihandle tem cannot 
handle 

purificat.in of 
wastewater to lessen 

effect of pollution 

EXAMPLE OF USE: Berlin Vienna Manhatten, New York Boston Cleveland, Ohio 

ADVANTAGES: easy to ex-
pand 

allows single 
treatment plant; 

shortest route to din- eliminates major 
posal; pumping 

allows single 
treatment plant 

DSPOSA Di o iconcentrates allows direct dumping good for flat 

transfer of waste- t f fatercouses:!akes. rivers Iyrtetso sses flowl into aufl sin- of heavy storm flows areas 

water back into the 

Gecological cycle :e.J 

F*. tic DISADVANTAGES: requires mul- difficult to ex- pollution dangers of requires large requires large saw­

__J I 
I I tiple treatment pand water disposal areas 

requires multiple 
main sewer 
difficult to 

er as main 
difficult to ex-

I treatment plants expand pand 

pollution dan­

..... | privy 

The COMPONENTS of the sanitary sewerage sys­

tem are illustrated in the following fig­

ures: (19: pp. 99-105, 1101 

-Sanitary Sewerage Network Diagram (fig # ). 

-Collection Systems Chart (fig I 1. 

-Treatment Systems Chart (fig I 1. 

-Disposal Systems Chart (fig I ). 

-Collection Components Chart (fig I ). 



TREATIIENT SYSTEMS LAGOONS: TREATMENT AND DISPOSAL SYSTZ 

COMPONENT: Lagocns (also called oxidation ponds) 

COMPONENT: 
RESPONSIBILITY: 

CONTROL: 

CHARACTERISTICS: 

Treatment plant 
developer finances and installs i' plant needed 

deeded to city 

treatment consists of removing solids and 
objectionable material from water carrier to 
prevent pollution of outfall areas. In some 
cases, temperature of the effluent must be 
altered to match the outfall streams if 
streams are small in relative scale, 

FUNCTION: 

RESPONSIBILITY: 

the use of bacterial and algae action to digest 
wastes: in the cycle the bacteria converts the 
sewage into food for the algae which releases 
oxygen which the bacteria feeds on in return: 
the algae eat the C02, nitrates and other pro­
ducts of the bacteria process. Raw or secon­
dary treated sewage may be the input into the 
lagoon. 

the developer is responsible for his own sys­
te, the city provides system if used for the 

design period from 20 to 25 years; 10 to 15 

years if interest rates are high. CONTROL: 

whole area 

city policy controls system; health laws govern 

PROCESS 
Primary treatment: (large solids) 

grit chambers 
settling tanks 
sludge drying beds 

Secondary treatment: (suspended matter) 

trickling filter 
activated sludge 
sand filtration 

Disinfection: chlorine usu ally used 

CHARACTERISTICS :minimun depth of 1 meter to prevent weeds from 
growing; maximum :depth of 1.5 meters since the 
sunlight necessary for the photosynthesis 
action of algae does not penetrate any deeper 
than this; the depth should t- uniform through­
cut. 

the bottom may be paved or unpavcd, sandy or 
soil; it may need to be paved if the input flow 
of sewage is less than the s,,page rate and 
evaporation. Avoid irregular shoreline: shape 
is not critical in any respect. 

Lagoons are sometimes used with remarkable 
success; they have no odor and are simple to 
operate. (See following page). 

system is balanced in size so inut flow equals 
seepage and evaporation loss, for smaller system 
secondary overflow field must he provided. 

SCALE OF 
DEVELOPMENT: 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. 

should not be located near waler supplies; 
400-800 meters from residential area for safety 
reasons 

supports 17 to 60 pounds/acre of B.0.6. (solids) 

climate critical in location; needs sunlight, 
windy weather aids mixing process; if ice 
covered may have temporary odor upon thawing 
in spring 

SCALE Or 
DEVEILPMENT: supports I00 to 500 houses p-r acre of pond 

ADVANTAGES: no tretm2nt nlant need,'d, low cct; no main­

tenancm problens; cot,- effic:cnt z:;;ster of 

bacterial waste, no Zdor. les5 than conven­
tional plants; accepts raw --­ :i'; allows pipe 
network with future hook-up to c;ty service 
without loss; land may be reused. Aprox. 
1/10 to 1/50 of the cost of septic tanks. 

DISADVANTAGES: requires large areas of low cost lan!; not 
efficient on cloudy days; no long term exper­
ience (25-50 years) with system; odor when 
system overloaded 



DISPOSALMEHD 

"--II] 
MT . 

COMPONENT: Dilution in water courses Irrication fields 


RESPONSIBILITY: developer 	 developer 


CONTROL: 	 regional or local board 


May be either sub-
CHARACTERISTICS: nay be emptied into water 

without treatment if surface or surface 

diluted to 2.5 cps of irrigation 

water per 1,000 persons 

in swift streams and Subsubsurface 

10 cfs of water per requires drain 

1,000 persons into field, 

sluggest streams. 

(6 cfs average) 


EXAMPLE: hew York -Berlin 


SCALE OF 

DEVELOPMENT: Dependent on the size of Dependent on soil 


the water course used for characteristics: 

dumping also on the water 


table and geoleg-

ical conditions. 


A satisfactory
Easy access 	 no
 
Low cost. 


water courses are 

accessibe for 

dumping, 


ADVANTAGES: 	 alternative if 


May be used for 

crops if water is 

scarce. 


DISADVANTAGES: Danger of pollution in Danger of the con-

the water courses. tamination of 


groundwater
 
supplies. 


More expensive for 

municipal if no 

cheap land avail-

able. 


S IIDIVD D ISPOSAL 

* 


CESSPOOL PRIVY
COMPONENT: 	 SEPTIC TANK 


RESPONSIBILITY: 	individual individual individual
 

CONTROL: 	 individual individual individual
 

CHARACTERISTICS:requires drain field does not require

to take care Of eff- drain field
 
luent 
 consists of
 

store effluent hole in ground
 
system dependent on in large fluid
 
soil and geological filled tank short term
 
conditions where liquid use only
 
c slowly specs 
sized at 50/75 gpcd; out 1.5 m. min. 
500 gallons minimum depth 

capacity: no storm highly dependent
 
flows allowed on soil and
 

geological treat with
 
drain-field max. length conditions lime and
 
of 100' on flat site: cover with
 
61 spacing of lines: 18' of soil
 
4" tile for drain: 100' after use
 
from water source
 

1 seat per
 
percolation of waste 15 people
 
acts as treatment plant: on communal
 

scale
tank stores solids 


min. slope of 3/4"
 
100 feet of drains;
 
if too steep; drains
 

fail
 

SCALE Or USE: 	 individual only; lots indivicual only in both
 
over 2 acres cases
 

ADVANTAGES: 	 low cost low cost, or
 
no cost
 

DISADVANTAGES: may not be used with may not be used with wells
 
wells; more expensive pollution and disease dan­
first costs than gets; contaminates water
 
public system supplies easily; more than
 

septic tank
 
cannot expand easily
 

requires maintenance
 



COPONENTS 

COMPONENT: HOUSE SERVICE COLLECTION LINES MANHOLES %IFT PUFFS LATERALS MAINS 

FUNCTION: connection for each dwell-
ing to convey sewage to 
system 

supplies sewage to main 
lines 

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

forces sewage to combines flow combines flow 
higher elev.tion from collec- from laterals 
to avoid dzep pipe tion lines 
network 

RESPONSIBILITY: individual developer installs and developer installs and finances 

finances 

CONTROL: individual deeded to city deeded to city 

CHARACTERISTICS~cast iron pipe becomes 
service line into house 

min. size of pipe is 8" 
(US 

.6 to 1.0 meter in 
diameter 

may be optional 

usually dupli­

designed for 
400 gcd 

designed for 250 
gcd 

4" mmn.size (US) pipe sized by min. clean-
ing velocity and physical 
cleaning potential 

6' pipe sometimes accept-
able if no extensions 
are planned 

spacing of 90-120 
meters if pipe under 
24"; if over, may be 
spaced at 180 meters 
and up 

required at all bends 
and changes in ole-

cate pu:nps 
located in man-
holes 

requires main-
tenance on 
regular basis; 
usually not 

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

vation desirable to 
install 

may become 'drop' 
mannoles to protect 
against excessive 

SCALE OF 
velocity 

DEVELOPIENT: each dwelling each block of development 3 
300-600 meter 
spacing 

am needed 



CONSTRUCTION COSTS for sanitary sewerage in 

North America (1965) are distributed approx-Q 

imately as follows: [36: p. 3-303 

-Collection: SOF (M - $100 per capita) 

-Treatment: 40 ($20 - $47 per capita) 


In a COMPARISON OF CONSTRUCTION COSTS in 


1965, sanitary sewerage and water supply 


systems as 

srelated afollows: 36: p. 3-30 

-Sewage Colection Systems: half the cost 

of water dittribution s'stems, 


-Sewage Treatment Systems: twice the cost 


of water purification systems. 

The AVAILABILITY of existing/proposed sani-


tary sewerage in relation to a prospective 


site is an important factor in site selec-


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


ALTERNATIVES for sanitary sewage collection 

and disposal from a site ar' generally: [19: 

p. 1061 


-Connection to an existing system. 


-Development of a communal system. 


-Provision of/reliance on individual systems 

for each dwelling. 


) illustrates 

The following chart (fig 

I 


the sanitary sewerage 
components 
required
 

for each of the above alternatives [19:
 
p. 107). 


r t-The T QUILCD COIPONE:ITS 

TYPEOr SYTE___ 


Ei S Cl'1etin SYST:e IIOIVIDUAL 

EM SYSTEM
 

COLLECTION conncction of provision of pipe individual 
new system to 	 network and con- ipe service
 
existing city nection to pri- lines 


network 
 vate disposal 

not complete plant of 

TREATMEN primary and sec- not
 

required ondary treatrent requiredlagoon may be
 

used 


septic tdilution in watersetcan
 

not course, irrigatio with drain
 

required or lagoon must be field, or
 

DISPOSAL 


provided cesspool or 

privy must
 

be provided 


SCALE OF no limits if usually more than 'a ot 


DEVELOPMENT city pipe net 100 dwellings conditions of 
able to handle make comunal low density: 
additional systems economic- generally 
capacity ly competitive great r than 

1500m; de-
pendent on 
soil 

ADVANTACES reliable system)Tno dependence on feasible al­

lower cost per city system if ternative on
 

unit; no treat- inadequate small scale
 
mont plant must 


pollution
 
system 	 usually not well dangers;loss 


maintained: loss of investment
 
of investment if if city exp-


DISADVANTAGEE may inherit bad high first costs; 


_iy_____d as_____simplecity expands ands 

CAPACITY of existing/proposed sanitary
 

sewerage adjacent/available to a site should
 

be adequate to carry the load of the propos­

ed settlement as well as future developments
 

in the areas served by the system. If
 

connection to a public system is possible, 

the developer should ascertain its capacity 

from the appropriate local authority [8: pp. 

45, 461. 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 seuage and/or storm water collec­

tion system to serve a site is a function
 

of: [36: pp. 14-7,- 14-121 

-FLOW (rate of discharge) of wastewater vol­

uses it can remove from the site. 

-VELOCITY of the wastewater flow in the sys­

tem serving the site.
 

Most wastewater disposal systems include re­

latively massive structures that take a long
 

time to construct and are not easy to
 

expand. Selecting their capacity is not
s
 

[36: p. 5-21. Sen WATERSUPPLY 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, 	2001 [36: pp. 5-21, 15-11
 

-Population: as population increases, sew­

age discharge increases.
 

-Land Use and Intensity of its use: indus­

trial, commercial, and residential areas
 

will have varying sewage discharges; there
 

may be variations between high, medium, and
 

low income residential areas; as the density
 

of an area increases, the sewage discharge
 

from that area increases.
 



-Water Consumption: sewage quantities are 


generally from 60% to 90% of the quantity of 


the water supplied. 


-Habits of People: culture, living patterns 


should not be neglected as factors, 


-Type and Number of Plumbing Fixtures: some 


fixtures (kitchen sink with garbage dispos-


al, flush valve toilet) use more water pro-


ducing greater sewage discharge than other 


fixtures (kitchen sink without disposal, 


flush tark toilet); as the number of fix-


tures incz.ases, the design flow increases, 


with high pres-


sores, more water is lost to the sewerage 

through faucet overflow. 


-Pressure of Water Supply: 


Sewage flow is never constant. Variatiots 


in it occur [34: . 198 


-Seasonally: troughs oc:ur 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 


treatsent works. 


-250 gpcd: for mains, outfalls. 

-400gpc: 


-400 gpcd: for subans, laterals. 


Sewage flows are between 60% to 90% of the 


quantity of the water supplied. However, 


100% is used in design of the sewerage com-


ponents to provid allowance for infiltra-


(19: p. 111].

and illegal connections
tions 

The flow within proposed sanitary sewerage 


should be based on an average maximum. Dal-


ly water meter readings from a similar ex-


isting settlement taken over an extended 


period of time, including weekends 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" 134: p. 198]. 


The flow of sewage dIs=harge is usually 


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


-Gallons per capita per day (gpcd): liters 


per capita per day (lpcd: usualONCETRATION 

measurement of average rate of flow. 


-Gallons per day (gpd). liters per day 


(lpd): average rate of flow. 


The VELOCITY of wastewater in a system 


should bi sufficient to transport water-


borne wastes or storm scourings with little 


or no deposition; but, the velocity should 


not be so great that channel surfaces are
 

eroded [36: p. 14-1j. The following vol-


cities define these limits: 


-2 to 2.5 feet per second (fps): minimum 

fo sumais, lterlson 


self-cleansing velocity; 
below this there 


.akingaccess 

will be deposition of solids 


to sewers necessary for inspection and 


cleaning [36: p. 3-9). 


-8 to 10 fps: maximum in concrete sewers 


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


Cleansing potentials (velocityl, not just 


flow requirements, dictate minimum waste-


water pipe sizes (8 in. in USA). Hydraulic 


performance of sewers is improved by in-


creasing their GRADE or slope, which in-


creases the velocity of flow and reduces the 


sewage depth in the sewer [3G: 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 system. 


-Probable response to treatment, 


-Possible influences on receiving bodies of 


water or land into/onto which these wastes
 

are to be disposed. 


of sewage 

20-6] 

-Solid matter: which is potentially effen-"
 

sve to the sight whether it is dissolved. 


suspended, or settleable. 


-Organic matter: which is potentially of-


fensive to the smell because of its putresi­

bility. 


The concentration of municipal wastewaters
 

depends on water use, nature and tightness
 

of the collection system, and the degree of 


storm -ater cllection. 
While these factors
 

the pollu­
affect the dilution of sewage, 


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

dioactivity, and accutely toxic wastes (36:
 

p. 20-6]. Wastes from within 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 Oxygen Demand (BOO)), and
 

other substances of special concern in the
 

disposal of sewage [36: p. 20-15].
 

Tests mn':uring the CONDITION of sewage ex­

plain the progress of the decomposition of
 

organic substances in wastewaters, effluents 

m
 
and receiving waters in t-- s of: (36: p. 

20-71
 

-Physical, Chemical, and Biochemical tests:
 

for odor, temperature; sulfide, Ph; DO, BOD,
 

COD, and nitrogen.
 
a ltest
 

bacer (inding
 

tots of pollution andbatra{nudg
 

coliform organisms). 

works or at the outfall of the sewerage is
 

time of travel (dependenta function of the 

the length and grade of the collecting
 

system) and the temperature of the waste-


Long lines, low grades (sluggish
 

flow) , and high temperatures destroy the
 

water. 


freshneasdofighttwateratardproeoteodethe
 

poshness of wtewtrs and mote deom
 

position of its putresible materials (36:
 

For discussion of OWNERSHIP/CONTROL/ADMIN-


ISTRATION and FINANCING of sanitary sewer­

age, see WATER SIPPLY.
 



D O R
S T O M N E '	 COLLECTION:

45, STORM DRAINAGE 4~ SORRANA THE DRAINAGE 7 K 	 ItretrEPrimary 


.	 j i . 
DFIN ITIONS 

c;:asry%: 11 	 !~iSTOR DRAINAG , - storm sewer a......r catchmehL, ii''7	 
TIIz 

~II i	 WAL(WAY5 ROAD:!AYS DITCH{ESArea 3 ' ' ' "COMPONENT: 	 ICEODYS.siDANO()-somswr aswr(rmr 	 CMOET AIWY 
interceptors)

designed to carry water Wastes ex-	 FUNCTION: im.,ediate control of water runoff, allowing(system) 	 pipes requiredi need for 

ly str wasterse-	 dispersed runoff 


cepstemseg e xclu 
 -

tormwater, sr- concentration of . 

cept sewage (exclusively: 
 for financing and
RESPONSIBILITY: devclorer is responsible
installation
 
face runoff, or street wash), 	 storm flos 

city controls and maintains all three components
CONTROL: 


curbs swallow
15-23 cn.
CHARt.CTERISTICS:curbed sidewalk 

controls runoff channel water to ditches are
 

storm water runoff t into desired 
 inlets and con- standard
 
ternis the removal of 	 Flow concentration 
 requirements
centrate water
direction
prevent flooding. FloOding results in high into desired (FHA-US) 

walkways are volume for given located en
"pdsrasdry 	 sloped to keep pipe diameter usually


material damages, washing away streets, 	 conduits.--. --- open channels 
aed on
pedestrians drywned 


roads are crowned sides ofE
 
to keep water out streets to


sidewalks; underminin, building footings; 	 but still allow normal vehic- drain road
 
andthrateingwatr spples y ifilra-of 	 water control 


supplies by infiltra-
uler trael bed 

tion and contamination [19: p. 119). 

and threatening watcr 

normal runoff
 conditions

condiios
 

The COMPONENTS of the storm drainage 
system 	 emergency
E~~~IIsince 	 ally have a higher
 

a
recycling of storm 	 allychae hger

are illustrated in the following figuges: 


flow into the body and larger
 
ecological system when
119: 	pp. 120-1241 the streets 


esl eoit
reetsowen
sewer system Dilution irrigation 	 tthe a flooded(fig # 	 Into-Storm Drainage Network Diagram: 	 (combined system) into water cources 
(fig-#. }.
-Collection Components Chart: 	 along roads
DEVELOPMENT as needed access to each 


-Disosa Sytm-hr:(i DU
 
2 SCALE OF-DipoalSytes|}.I har= fl 

I 

allows econom- inexpensive

allows water
ADVANTAGES: 
 ical sizing
 

| for economical for pipes

concentration 


pipe sizing allows multiple 
use of existing 
systan 

constant
 
DISADVANTAGES: maintenance
 

25-50 year rains
heavy rains 

flood sidewalk 
 flood roadway 


reqetired
 



"CONSTRUCTION COSTS for storm drainage and/or 

combined sewerage in North America (1965)
 

was anolit a times as much as sanitary sewer­
age (See SANITARY SEWERAGE). It is very 

castly to plan for all eventualities of 

flooding. Therefore. a compromise between 

the cost of flood damage and tho cost of 

drainage is necessary in most cases 119: 

p. 1191.
 

'For economic reasons, it is current prac­

tice to separate storm water drainage from
 
sanitary sewerage because of the otherwise
 

excessive size of pipe for a combined system
 

and the overload placed upon the sewage
 

treatment plant' [8: p. 1811.
 

The AVAILABILITY of existing/proposed storm
 

in relation to a prospective site
 

in an important factor in site selection
 

ALTERNATIVES for stormwater collection and
 

disposal from a site are generally: [8: p.
 

481
 

-Connection to an existing system.
 

-Use of existing natural streams or valleys.
 

COMPONENT: PIPE NETWORK CNAN EL NETIORK 

developer established
RESPONSIBILITY: developer connects 

to city 


CONTROL: city maintains systems in each case 


CHARACTERISTICS: gravity flow system 


SCALE OF 

OEVELOPKENT: 


ADVANTAGES: 


DISADVANTAGES: 


min. vel: 2.5 fps
when flow at full 


section: max. flow 

of a fps. if pipe 

unlined, 15 fps if
 
concrete lined. 

12p min. recommended 

pipe size (U.S.) 


2 centimeters per 


100 meter slope a 

common recommendation 

layout related to 

ltreet rante m 

street drain system 


economy dictates 

scale 


goodfosmal] rain-
fall control 


difficult to change 

or alter as area 


becomes built-up and
 
runoff increases 


unable to design for
large flows econom­
ically 

O 


Flow Concentration 


gravity flow system 


mm. el:2.5flw
.5 fs m. ps 

2.5 fps min. flow 


brick lined to prevent 

scouring 


large .reas: dependent 

on rainfall intensity 

and duration 


inexpensive system for 
large flows 

fallconrollarg
flws 


becomes a physical

bou-ary 

becomes trash collec-

tion site, health
 
hazard 


D A S M 


iii 
L"" 
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COMPONENTS: SEWR SYSTEM DILUT.Oh IRRIGATION 

RESPONSIBILITY: connected by developer 


CONTROL: deeded to city 


CIHARACTERISTICS:sy3teO called 


combined' when 

connected to 

Bwerused 

ewer 


EXAMPLE OF USE: Boston 


SCALE OF
 
DEVELOPMENT: 


ADVANTAGE: 


DIAVNAE:ipsil

DISADVANTAGES: 


limited by 

existing net-


work size 


only one pipe 

network needed 


o 

imposible to 

adequately de-

sign; pipe 

sizing must 

resort to over-

flow which re-

suts in con-

UILSin on-groud

tamination of 
and health 

regional board regulates use 


most common 

system in 
urban areas 

limited Dy 

size and 

flow of
water Cour~se
 

inexpcnsiue 

pollutes

polesnyueflf
 
water system 

easily during 

heavy rains
 

used in flat 


areas
 

where
 
water is at a
premium
 

Berlin 


limited by 

soil drainage
 
ability 


may be used as
 
water source
 
in arid areas;
 
agriculture 

valuevCAuE Odrainage 

only useful if
 

lan3 is inex-

pensive
 

danger of
 
pollution of
ground watr
 

wtpr 


http:DILUT.Oh


The CAPACITY of existing/proposed storm 

drainage adjacent/available to a site should 

be adequate to carry the lead of- the pro-

posed settlement as well as future develop-

ments in the areas served by thp system. The 


greatly increased runoff from an area as it 


becomes 'ully developed should not be over-


looked. If connection to a public system is 


possible, 	the developer should ascertain its 


capacity from the appropriate local author-


ity. Natural drainage of adjacent land can-


not be cut off; 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, 461. The 
development of a site may be precluded when 

its prospective stors drainage is either un-

available or of inadequate capacity. 


The capacity (hydraulic performance) of a 

storm water collection system to sersa a 

site is a function 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 are not easy to 


expand. Selecting their capacity is not 


simple [36: p. 5-21. See WATER SUPPLY for 


the estimates needed for capacity selection. 


Storm FLOWS are the product of: [36: 


p. 15-123 

-Rainfall 	 Intensity: the rate of rainfall; 

intensity 	usually decreases with increasinuI 

storm duration; the shorter the time of con-

a site nay when-The 
centration (time required for Eunoff to 

reach and 	flow through sewerage), the larger 

na.. egos--g a. capcy 


the flows [36: p. 7-121. 


-Runoff-Rainfall Ratio: the percentage of 


stormwater runoff that is not reduced by 

evaporation, l-oression storage, surface 

wetting, and percolation; with rainfall 


duration, 	 runoff-rainfall ratios rise in-

creasing runoff flow. 


-Size of the Drainage (tributary) Area. 


Because the rainfall intensity and the run-

off-rainfall ratio are variable over tine, 
0 

storm flows reaching a given point 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. 15-12!. 

Overland flow i. a function of th absorb-

rion, roughness of the drainage area sur-


face. Runoff is 100 only when drainage ar-


eas are impervious and storms last long 


enough. Composite runoff-rainfall ratios
 

can be computed from iiformation such as 


the following: (36: pp. 15-13 - 15-141 


AREAL COMPONENT RUNOFF % 

Streets: 	 asphalt: 70 to 95% 


concrete: s0 95 


brick: 70 as
 

Drives and Walks: 8 


Roofs: 
 75 95 

Lawns: sandy soil, flat (2%) : 5 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 


stages will have lower runoff characterisi-

tics than the final stages, which will re-

quire a well developed drainage system [19: 


p. 1271. 	 Development seals land surface 

re-
with roads, parking lots, roofs, etc., 


sulting in increased stormwater runoff. 

For VELOCITY of stormwaLZr flow, see SANI-

TARY SEWERAGE. 

The CONCENTRATION, COMPOSITION, and CONDI-


TION of 3torowater is analyzed in the same 

manner as 	sanitary sewerage. See SANITARY
 

SEWERAGE. 

T 
The OW';ERSHIP/COZiTROL/ADMINIS RATIO of 

storm drainage is usually public [19: pp.
 

121-124]. See WATER SUPPLY for additional
 

information.
 

FINANCING for storm drainage systems is usu­

ally arranged by the developer during the
 

development/construction stages and deeded
 

to the municipality when the development is
 

completed 	[19: pp. 121-124]. See WATER
 

SUPPLY for additional information.
 

nEnoos mo MCprAsINz -Mm rrCr.:Y CF WASTEWAER 

SYSTfl!S 

A. WATERLESS YSTEM: coud reduce US dome-TOILET 

tic .. ater crnsepien by 40t with a orresponding
 

reduction of s-wage flow. 
32 

Prcmising-innatlo In this area include: (39: p. 1 

Vc-itic SyStee: c-ploys a vacu.c' toilet that 
discharges aptrcxutollS1.5% of the se-oge dischmrg­
ed by co-neticca toilets. 
-Snlf-cootaic! oilet-iecinerotor:,usee no water 

,i
 
-Closd Rocic.ulatirg System discharges no water,
 
eo.plcys a self-cretained treatment system to purify
 

and return all water o r directly to suFply. 

11. S1FAGEGCC!00IES: [19: p. 112, 1881
 
-Cost of Pipe: is ge-craely lowcst wh- the largest
 

pipe wit't rhe reqci-re c-m-ity is u-J; Lowever,
 
with pipes over 4B", the pipe cost incrnutes at a
 

faster rate thancapacity increases, making th% us.
 
of multiple s at~c- -ins less costly.
 

-lse of Larger Fipe than required at Less Grade:
 
allows reduction it tho trench depth; the savings in 

grading costs is generally s-nat-er than the addition­
. ost of the larger pip.. 

may result in 40% savings
-Reinforced Concrete Fire: 

over the construction costs of otfhe pipes. 

C. aTOTL4WaER P--,IC,- CN InIV:IUAL LOTS: Can 
lower the im-ediat runoff flows and allow the use 
of smaller pipes runoff should be kept dispersed on 

the urface as such as possibl before roncentrating
it into tbe pipe network 1191 p. 112 . 





46. ELECTR I CITY 

STREET LIGHTINGj 
GASTELEPHONE, 

DEFINITIONS 

ELECTRICITY, STREET LIGHTING, TELEPHONE, GAS 


ELECTRICITYC) - electrification : the pro-

cess (network) for supplying (a site) with 


electricgroups
electric power. 


Although electricity is not necessary for 

the sustenan-e of life, it has become a 


vital service, supporting a wide range of 


urban activities. The more urbanized an
 

area becomes, the more dependent it is on
 

electricity for: [19: p. 130-1311 

" 


-Power: for convenience services in each 


household; utility services: walls, pumps, 


sewer lift pumps, treatment plants; etc.
 

-Lighting: which provides night security
 

and allows activities to ektend for a long-


er period if time, increasing the function-


ality of an area. 


-Communication: through telephone, tele­

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 meet com­

petition in the sense that, for instance, 

cooking, water heating, and domestic re­

frigeration can in many areas be done more 

economically by gas.' 144: p.21. 

The COMPONENTSof the electrical network 

are illustrated in the following figures: 

119: pp.132-1391 

-Electrical Network Diagram (fig # ). 

-Generation Components Chart (fig # 3. 

-Transmission Components (fig # ). 
-Transmission, Distribution Substations 

f A 
pr-oduice-s lectricity 

ELECRICL 

Turbines 

NETOR COo 

Diesel 

Chart (fig I ). 
-Distribution Network Chart (fig # 3. r-%s .ss-

-Distribution Components Chart (fig I 
-Distribution Layout Chart (fig # . 

3. 
transports 
energy to user 

.I-sTz5u 
I ,4N1 

LSTATIC: 
divides power 
among main user 
groups 

Es. nHSTAT7_,mailpu-a£es p' 
power into use­
ful energy 
levels for con­

[CTf i -0N-INUT14ORKK _ 
-.rovi.lcs rvico 
electric service 
to user 

-­



GENERATION CO:PONENTS DISTRIBUTION STATIONS 

GIENTI ;T .... ission Dist ttioo Substationist Networ. i°°lST ....... STTION S b iOn it .Norl 

COMPONENT: 

RESPONSIBILITY 

Turbine Generation Diesel Generation 

provided by company 

COMPONENTS: 

FUNCTION: 

Distribution Station (transformer station) 
: 4 

maintains power pressure and boosts transmission 
distances 

CONTROL: regional public board company controls RESPONSIBILITY: company installs, finances and maintains 

CHARACTERISTICS:turbines ray be en-
ergized by vater power 

. or steam generation 
systems; steam is pro-
duced by coal, gas, oil, 
or nuclear heat gener-
.tors 

diesel systems are 
generally powered 
by electricity, gas 
or oil motors 

CONTROL: company control 

CHARACIERISTICS:from hdro power sources, lowers power from 
230 kv to 115/69 kv 

from steam sources, lowers power from 138/115 kv 
to 34.5/13.2 kv 

water motivated sys­
tems generally require 
a damed water supply 

SCALE OF 
DEVELOPMENT: 

ADVANTAGES: 

usually many cities are 
served by one plant 

inexpensive production 
of power 

usually for small 
systems only; mainly 
a backup use in most 
cases 

portable system; not 

dependent on fixed 
power supply for 
motivation • enerat~I ------Transmissions. 

S 

Sttin U GTATIO'l[iSt-Network 

DISADVANTAGES: requires transmission 
lines and a water stor-
aqe system; high first 
cost 

expensive means of 
electric supply 

COMPONENTS: 

FUNCTION: 

Substations 

furnishes poer to dwellings and street 
lights 

RESPONSIBILITY: company finances, installs and maintains 

l~eIF Gt.Station 

SANS:0 CoONr:;TSCONTROL: 

71 
ub=tationis 

controlled by company 

CHARACTERISTICS:usually locat'4 as close to users as possible 

lowers power from 13.2/4u kv to 2400/7200 
volts 

usually widely spaced at low densities; 

COMPONENTS: Tower and Cable Lines for transmission spacing decreases as density increases 

FUNCTION: supports cables for long range transmission 

RESPONSIBILITY: company installs and finances 

CONTROL: regional control 

CHARACTERISTICS, towers are approximately 45 meters high, 9 to 
18 meter bases; require 30 to 60 meter ease­
ments 



COM PONENTS OISTRNUTIN 1"oR~:DISTRIBUTlION 

enerati .... onbsttion . 

co.PO.. Transission Poles Or0 
Cable Channels Transformers
 

COMPONENT: Radial Layout Ring Layout Network Layout 


RESPONSIBILITY: all financed, installed and maintained by con- FUNCTION: carries power supports cable converts power
 

to user provides pro- to useable
 
pony tection to voltage
 

lines
 
CONTROL: controlled by company in all cases 


RESPONSIBILITY: installed, financed and maintained by company

CHARACTERISTICS:earliest system used for combination of 


for layouts large popul- ring and radial 
 public policy and safety requirements dictate
 

ation centers systems; devel-
 COnRO:ol
 
used in low oped as result 
 control
 

CHARACTERISTICS:5.5 m. above 
 3Z to 55 m. transformers
 
density remote of growth of 


street surface spacing: may be on pads,

ring and radial
areas 


or buried under- 15 to 30 cm. buried, or sus­
ladouts 


ground in conduits fromncurb pended from-'
 

ru in c t M poles
 
ADVNTAGES: avoids dupli- allows back-
 allows backup 


high poics;

cation of up for emer- line for emer-

cables gencies gencies mrased i­come in 9' may be in­

coby i9" 
by 9' sec- creased if
 

DISADVANTAGES: no emergency used when power is

bacup ineare tions; they additional
 

backup line 
changes are demanded 
anticiaated 
in underground 
services: 
channels are 
based or. 5 to 
10 year design
 
pericd:
 
manholes are
 
needed for
 

chanels every
 

150,o210 
m.;
 

poles are
 
cheaper;
 
channels are
 
used in urban
 
areas where the
 
cables are more
 
subject to change
 



The installation of electricity requires: "The cost of electric service is dependent 

ELECTRICAL NET~ORK LAYOUT .19: p. 1311 on the amount of system Capacity required 

-Specialists with highly technical skills. to serve the load (demand) as well as on 

-Equipment which is highly sophisticated. the volume (kilowatt-hours) used." The 

",'.- * -Planning on a large scale/regional basis. greater the number and variety of customers, 

-Safe guards to protect agairst misuse the more efficient will be the use of the 

FMTHOD: Total 
Underground 

Partial 
Underground All on Poles after installation which can be dangerous distribution system, the cost of which is 

CIARACTERISTICS:all lines in 
channels; used 
in congestedareas
Ssystem 

primary voltage primary and 
system of poer secondary 
on poles, secon- voltages on 
dary voltage poles, low 

in chan- density areas 

to life and property. 

Many factors enter into the COST of genera-

a large factor in the cost of service. In­

creasing the volume of business reduces the 

unit cost of the system capacity required. 
ns:ste inhnresd used in 
residential 

destars 
tion and distribution of electricity, the These are some of the economic reasons why 

are-is principal ones being the effective utiliza- it is in the public interest to have only 

ADVAnTAGES: no interfer- lower cost than lowest cost tion ef the equipment (capital investment) one utility in a given area [44: pp. 1,21. 
ence with if all under­
traffic; 
favorable 

ground and the cost of fuel. Secause of these fac­

visualaesthetics 

no climatic 

makes use ofexisting light 

poles for pri-
mary voltage 

tors, the rates charged by utilities vary 

widely. The customers are usually classified 
Of the TOTAL INVESTI4ENT made in electric 
utility systems, half is for the distribu­

problems of 
maintenance 

system as residential, rural, commercial, indus- tion of electricity from the generating 

low mainten-
ance costs in 

trial, public street and highway lighting, 
and other public authorities and utilities 

stations or a power substation to the cus­

tomer. It is somewhat less than half where 

general 

for rate charging purposes. Residential the distribution is mostly open-wire over-

DISADVANTAGES: high cost of 
installation 

climatic pro-
blems with 

climatic pro-
blems (sleet 

and rural rates are simple energy charges, head and somewhat more than half where a 

cables danger causes 
(sleet failures) cable failure) but the other rates are usually in two large part is in underground cables [44: 

relatively parts: a demand charge plus an energy p. 2121. 

high main­
tenance charge [44: pp. 7,81. 

The AVAILABILITY of existing/proposed elec­

tric service in relation to a prospective 

Bite is an important factor in site selec­

tion [C: p. 45] (See: LOCATION). 

The CAPACITY of existing/proposed electric 

service adjacent/available to a site should 

be adequate to carry the DEM.flD of the pro­

posed settlement as well as future develop­

ments in the areas served by the system 

(44: p. 2). 



Variations in demand occur: (44: p. 10, 111 


-Seasonally: 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 weekdays; troughs on week-


ends. 


-Hourly: minor peaks at noon and major peaks 


in the evenings troughs in the early morning 


hours. 


The demand for electric energy is measured 

in: 

-Watt-hours (Whi: measures the power (watt-

age) delivered/consumed in a specified pe-

riod of time. 

-Kilowatt-hours 
(kWh): measures 1000 watts 


of power per time. 


-Kilovolt-amperes (kVA): measures power us-


age averaged over long periods of time such 


as seasonally. 


POWER is the product of: 


measures the potential dif-
-Voltage (V): 


ference or electromotive force 
(emf) 
which 


the current to flow in a 
system. 


causes 


-Amperage (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 


Manufacturers Association adc,ted this 
value 


as the national standard for appliance de-

elan. Abroad, voltages are usually 200 or 

230 volts. This voltage difference makes 


for considerable difference in the method 


of distribution: [44: pp. 212, 2291 


-USA: "voltage is reduced in a distribution 


substation to a value of 2400 to 13,800 V. 

and a second reduction is made to utiliza-

tion voltage (120 V) by means of a large 

number of small transformers mounted on 

poles, or located in vaults, known as dis-

tribution transformers." 

-Abroad: "subtransmission 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." 


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, 

the coils
reducing the length of copper in 


(44: p. 971. 


p. 97)

FREQUENCIES commonly used are: 144: 


(cps): US standard fre­-60 cycles per sec 


quency.
 

-50 eps: 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,
 
and some dir-
Michigan, and North Carolina; 


ect current in the older districts 
of ciies
 

such as Hew york, Chicago, and Boston. 

-25 cps; used for electric railway supply. 


STANDARD O SELVICE, from the viewpoint of 

system operation, is determined chiefly by 


the following: (44: pp. 2-31 


A. RELIA3ILITY of service. 


B. QUALITY of service, 


C. ECONOMY of production, 


STAPfliD OF SERVICE [44: p. 2-31 

A. "'RLTfUILITY of service ioplios ability to 

rupply electric energy to all customers whenever 
they de-and it and in &nu-Lhquantities as may be
 
requird. Suchreliability is -asure by the
 
ntmber of nustomrs affected. It is Cependent an
 
sund design and co=patent operation.
 
B. *QUALITY of service is indicatedby the degree
 

of attairment of stardard voltage and frequency in 
the supply of electric energy. The design of the
 
trantmission and distribution systems determines 

how close to the standard the personnel can cain­
tain voltage and frequency. Even competent Fer-

eonnelcannot maintain the standacd if the system

is poorly laid out, 

C. "ECONOKY of production is affected through 

proper load division among the various stations
 
on the system and among the equipment in each 

station,'
 

The OWIERSIIIP/CONTROL of electricity gener-


ation, transmission, 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 state/local authorities
 

to sell excess power to the public (in
 

France, many Asian nations, etc.) [46: p.
 

201.
 

-Public (federal): organized to install and
 

operate power generation, transmission, and
 

distribution on a regional basis. i.e.:
 

Tennessee Valley Authority (USA): Bonneville
 

Power Administration (USA); Southeastern
 

Power Administration (USA); Southwestern
 

Power Administration (USA); Power Ministry ­

(United Kingdom); Electricite de France 

(France). 

FINAN;CING mn electricity supply system can 

be accomplished by: [46: pp. 19-241
 

-Direct Taxation: seldom sifficient by it­

self for the large amounts of capital needed*
 

for power facilities.
 

-Long-term Revenue Bonds: usually issued by 

municipalities who depend largely on this 

method for all thex.rvapital. 

-Free Market Investmeent: usually practiced 

by private business enterprises: this is a 

voluntary investment of private (or public
 

as in Japan) capital.
 

The source jf REVENUE for electric service
 

comes :rom the sale of kilowatt-hours of an­

orgy 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 costs). 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. 63. 



THE ENERGY SITUATION [49: p. 53-581 less those countries become industrialized, "Many people who arc aware of the approach- "A second common misconception about nuclear 

and global ecological factors and shortages ing end of our fossil fuel resources assume power is that it can reduce our dependence 

"The energy situation is uncertain and com- of resources will prevent industrialization that uranium-based nuclear power will soon upon fossil fuels to zero as soon as that 

plex, but it can be summarized as follows: in most of them. Furthermore, hydroelectric' simply replace the fossil fuels.' There is becomes necessary or desirable. In fact, 

we are not yet running out of energy, but we power depends on dams, which under present a widely held misconception that nuclear nuclear power plants produce only electrical 

are being forced to use the resources that conditions of technoloqy are temporary power is cheap. *The largest nuclear gene- energy: and electrical energy constituted 

produce it faster than is probably healthy. structures. In a few hundred years, some- rating stations now in operation are, even only 19 percent of the total energy consumed 

Our supplies of fossil fuels - coal, petro- times much less, their reservoirs fill with with their massive hidden subsidies, just in the United States in 1960. Thus the 

leum, and natural gas - are finite and will silt and becomes useles;. Finally, there is competitive with or marginally superior to length of time that nuclear fuels can post­

probably be consumed within a few hundred an aesthetic question. Do we wish to im- modern coal-fired plants of comparable size pone the exhaustion of our coal and oil de­

years, possibly ouch sooner. pound and control all of the wild rivers of (in areas where coal is not scarce). pends on how much the use of electrical en­

the earth? Smaller nuclear plants are less economical ergy can be increased." This will require 

"We are living beyond our means, 'spending than small plants that operate on fossil fu- a conversion to electric or fuel-cell-owcr 

our cantal,' depleting what are essentially "For many years men have spuculated about els. In this connection it is important to for transportation, electric heating, as 

nonrenewable resources. Furthermore, some the sun as a source of non-depletable power, ,.nte that UDCs rarely can ise the outputs of well as electrically powered industries. 

organic chemists consider the burning of but large-scale utilization of solar energy large power plants. There are simply not All such conversions will take time and will 

fossil fuels for energy production to be one presents serious technological problems, es- enough industries, lightbulbs, appliances, be extremely expensive. 

of the least desirable uses for these large pecially in a crowded world. Sunlight must neon signs, etectric trains, buses, street­

molecules. Petroleum and coal have many be gathered over large areas; the collecting cars, and so on to utilize that much elec- "It is clear that mankind, if it survives 

other uses in areas as diverse as lubrica- device for an electric generating plant with tricity. Significantly, thc cost of the for another century or so, will witness 

tion and the production of plastics. a capacity of 1,000 megwatts (rnough pu-er moder:,ization and industrialization required drastic chargcs in the use of energy sour­

to supply electricity to a city of perhaps to utilize the electrical power exceeds the ces. It does not appear, however, that 

"The world's potential production of hydro- 1.5 million people) would have to cover an cost of the power itself by several magni- availability .- energy itself will place a 

electric power is roughly equivalent to the area of about 16 square miles. tudes. All things considered, only those limit on population grow t, although diffi­

amount of power now produced by fossil fu- UDCs that are now short of fossil fuels or culties accopanying the transition from one 

el. There are, however, serious problems 'Tidal pcwer, also the subject of some spec- have problems in transporting them would source to another might well dose. The Ul­

in utilizing it to the utmost. Much of the ulation, does not have more than a minute have reason to choose nuclear power. timate limits to the use of energy (assuming 

potential lies in underdeveloped countries fraction of the potential of wates power, radioactive pollution and other safety pro­

(UDCC) where the por Lr could not be used un- and will presumably never be of more than "Nuclear energy, then, is a panacea neither blems associated with nuclear energy can be 

local importance." for the !'eveloped countries nor the under- solved) come not from its shortage, but fros 

developed countries. It may relieve, but the p.Nlim of dissipating the heat to which 

The power potential of the heat of the not remove, the pressure on fossil fuel all useful energy is ultimately degraded.* 

earth's core (geothermal energy) may, accord- supplies, and may provide reasonably priced 

ing to the most optimistic sources, pro- power in certain parts of the world where 

duce as much as one-half of America's elec- these fuels are not abundant. 

trical power by the end of this century. 



47* STREET LIGHTING The COST of providing street lighting is 

composed of capital costs, operating costs, 

duction 

level. 

of glare, but a lower footcandle 

It is necessary to weigh the effects 

-Hills. curves: steep grades may require 

that lights be tilted slightly for uniformi-

DEFINITIONS and electricity costs. The largest of these of installing larger lamps against a greater ty of distribution; short radius curves may 

is the capital cost or that which is invest-' number of smaller units at lower mounting - require that lights he placed on the outsids" 

STREET LIGHTING(*) - a service for urban ed in physical plant: lamps/lwminaires, heights, and with maximum glare potential. of the curve: shortened spacing may be 

street illumination to improve vision at poles, wires, etc. To keep lighting costs Generally, units should be mounted aL high necessary where lights must be placed on the 

night. to a minimum, efficient luminaires should be as possible and lamp size selected to giv inside of a curve. 

used at wide spacings and high mounting the required average footcandles" [47: -Grade intersections: where two traffic 

The local supplier of electricity will, in heights [47: pp. 69, 186. pp. 93-941. ctreets intersect, the lighting level should 

virtually all cases, directly or indirectly 
be double that of either street: at "T" in­

supply the electricity for street lighting Street lighting LEVEL is measured by foot- Street lights can be configured in the fol- tersections, the lighting should be located 

147: p. 1863. candles. The minimum levels recommended by lowing ARRANGEMENTS: [47: p. 763 opposite thm entrance of the intersecting 

the Amcrican Standards Association (ASA) for -One-side of street, results in a nonuni- street, intensifying the silhouette of any-

The OBJECTIVES of street lighting, listed public safety are: [47: pp. 69, 851 form brightness pattern, which is more pro- one entering the intersection. 

approximately in the order of chronological -0.9 to 2.0 footcandles: densely developed nounced as road width increases: lighted -Interchanges: at ramps, overpasses where 

development, might be classified as: [47: commercial/industrial areas, side will be brighter than nonlighted side. there is grade separation, lights may have 

pp. 1-21 - -0.6 to 1.2 footcandles: moderate/low den- -Staggered/Oppositc sides of street: re- to be specially arranged to prevent glare on 

-Crime Redmetion: there are fewer crimes sity commercial/industrial areas, sults in a uniform brightness pattern equal adjacent roadways; where roadways themselves 

commistted under bright street lights than -0.2 to 0.9 footcandles: residential with/ on both sides of the road, making this the are not illuminated, the approaches to inter­

under dim, inadequate lights, without commercial areas, most preferred arrangement. changes should be lighted at gradually in­

-Extension of Activity: urban activity is -1.4 footcandles: urban expressways. -Mounted over Center of street: results in creasing levels to avoid impaired vision due 

extended, especially in comercial areas, -1.0 footcandles: rural expressways, a brightness pattern which is equal on both to abrupt brightness change at interchanges. 

through street lighting. -2.0 footcandles: urban expressway inter- lanes of travel and can be uniform on narrow -Underpas:zz- short underpasses such as un­

-Traffic Safety: improved lighting reduces changes. streets where closely spaced. der city streets/railroads, can usually be 

night accidents. -1.4 footcandles: rural expressway inter- lighted with normal street lights placed so 

changes. In practice, center mounted lamps are com- that resultant lighting level is the same as 

The practical objective in street lighting monly installed with long spacings of 60 to for the street itself; for long underpasses 

is to enhance the visibility of objects/ Street light SPACING should not exceed 6 90 meters in residential areas even though where normal streetlamps cannot provide ade­

things to be seen. Visibility can be anal- times the MOUNTING HEIGHT: i.e.: for 7 the brightness pattern is spotty [47: p. 771. quate lighting levels, tunnel illumination 

yzed according to the following factors: meter mounting height, the spacing should should be used. 

[47: p. 573 not exceed 42 meters [47: p. 943. Situations requiring special consideration -Turnels: daytime lighting requires 100 

-Size: of the object or its critical de- of spacing, mounting, lighting levels, etc. footcaniles at tunnel entrances tappered 

tail. Minimum MOU;TING :;EIGHT, according to the are: [47: pp. 91-92 within the distance to be traveled in the 

-Contrast: between the object and its back- ASA, is 6 meters; and, the majority of lamps -Obstructions, trees: field inspection will first 15 seconds at normal speed to 5-10 

round. require a mounting height of 7.5 meters or determine where each light can be most ef- footcandles, normal tunnel lighting levslt 

-Brightness: light reflected from the ob- more. -Higher mounted units -ill provide fectively mounted. nighttime lighting should be tappered to 50% 

Ject to the eye. greater areal coverage, more uniformity, re- of normal tunnel level for 200 meters at 

-Time: available for seeing, speed ot vi- tunnel exists. 

sion which becomes important when object or 

observer is in motion. 



The OW4ERSHIP. INSTALLATION, OPERATION of 

street lighting can be by: [47: p. 1861 


-Local Supplier of Electricityi which most 


often furnishes this service, may be paid by 


a municipality on a filed flat monthly rate 

or on a special renewable contract. See 

ELECTRICITY - OWIERShIIP/CONTROL. 


-Municipality/Other Public Body: which
 

sometimes owns anl maintains its own equip-


ment, and may employ the local electricity 


supplier/contractor to undertake the opera-


tLon of the system where it is unable to do 


so itelfcenters.
so itself. 

FINANCING the capital, operating, arJ elec-


tricity costs of street lighting can be ac-


coplished by: [47: p. 1861 

-Investment: by the local supplier of elec- 


tricit" which adds street lighting to its 


utility plant like any other equipment it 

installs in the regular course of business, 


-1001 Assessment: levied on the benefited 


property owners usually by a municipality, 


-General Obligation/Special Bonds: issued 


by a municipality with a special sinking
 

fund to retire the issue in a specific term 


of years. 


-Contributions: made by a business communi-


ty to a municipality for the purpose of 


lighting a particular cofssarcial area.
 

TELEPHONEemergency use during failures of the regular
 

4 electrical power services.
 

Power Systm: which can be usedDEFINITIONS-Electric 


for telephone transmission through the dev- ­

TELPONE(elopment of carrier systems; with this sys­

network inerconnecting all subscribing in- term,telephone company installs less cable
 

dividuals and transmitting over wires. 
 with low resultint installation costs.
 

The COMPONENTS of the telphone network are: The ARRANCERENT of zbles are usually: (19: 

[19: p. 141142
 
p.i 1411rbn-Ud19: Dct: n r 

-Area Switching Centers: toll centers, pri- -Underground in Ducts: in dense urban ar­

mary center, sectional centers, regional 


-Trunk Lines: long distance transmission.
 

-entral Office: switchboards: controls 


35,000 customers and 2,000 trunk lines; de-dis­

p.taace

sign period is 15 to 20 years.
 

-Short Trjnsission Lines: serving each 


subscriber.
 

-Individual Telephones 


The OI EPA TION of tho telephone network is 

dependant on: [19: p. 141compny 

-Switching: from unit to desired unit; 

sccurs at the central office with local
 

calls; ay go from primary to sectional to
 

regional centers with long distance calls.
 

-Transmission: of sound in a manner which
 

is adequate for hearing.
 

ALTER.'ATIVLS for transmission in a telephone
 

network inzlude utilization of: (19: p. 1411
 

-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
 

eas. 

-Overhead/Aerial on Poles: in low density
 

areas at less cost than in underground
 

eucts.
 

trunk lines, since they are not sub-


Ject to frequent change.
 

The OWNERSHIP/CONTROL of telephone networks
 

is usually by a semi-private company under
 

limited public law control. All comronents
 

19: p. 141. 
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GAS NETWORK DIAGRAM 

49. GAS 

DEFINITIONS 


GAS(-) - a system for supplying natural gat, 

manufactured gas, or liquefied petroleum gas COLLECTION 
_ manufacture drill 

-facture 

to a site and individual users. 

The PURPOSE of the gas network is to provide 

energy for cooking, water heating, room/ 
central heating, refrigeration, air con- 

wet-se

holder 

aled 

T 

dry holder underground 

storage 

ditioning, etc. Gas energy is competitive STORAGE V 

with ltii in fiwiheectrlety inperforming these func-ara 

tions where gas is available 144: p. 21. 

The COMPONENTS of the gas network are illus­

trated in the following figures: 143: pp.
 

-Gas Network Diagram (fig # ). TRANSPORTATION
 

-Collection Methods Chart (fig 0 ).
 

-Transportation Methods Chart (fig # 1. high-pressure holder/ 
',STORAGE piping systems 

-Storage Methods Chart (fig # )- p 

-Distribution Methods Chart (fig # ). 

DISTRIBUTION 


infrastructure bottles 


METHOD: 


RESPONSIBILITY: 


CONTROL: 

CHARACTERISTICS: 


SCALE OF 


DEVELOPMENT: 


ADVANTAGES: 


DISADVANTAGES: 


METHODS: 

RESPONSIBILITY: 


CONTROL: 


CHARACTERISTICS: 


ADVANTAGES: 


DISADVANTAGES: 


GAS COLLECTION METHODS 
4 3
 

tianufactured ( :pp.15-341 drilled 143:pp.35-50]
 

private industry and/or public industry
 

regional national public boards/cormissions 

made as by-product in manu- found in earth's
 
of coke (carbonizaticn); crust many times
 

or, made through complete gasi- wxth oil
 

fctofication offca/i
coal/oil
 

carbonization, gasification practiced tc serve
 

once practiced locally now national markets
 
consolidated to serve national/ where resources are
 
regional markets (Europe) plentifui (US, USSR)
 

makes use of the garseons by- cheap gas once
 
product of coke manufacture drilling is comrlete
 

gasification is expensive natural reserves are
 

relative to drilling not available to all
 
areas
 

LOW-PRESSURE GAS STORAGE METHODS3
14 :pp.51-55] 

water-sealed holder dry holder
 

public/private utility
 

public board control
 

telescoping tanks large fixed shells
 
sealed by water filled confining gas beneath
 
chanels; located at a giant piston which
 
e.s manufactory rises/falls ..h gas
 

vol.a; locatei at gas
 
manufactory
 

cannot explode be- exterior appearance,
 
cause no air exists while very large, not
 
within th'e shell as unsightly as water­

sealed.holders
 

moving parts are vulnerable to leaks
 

costly to construct, can explode if gas
 
unsightly, unsuitable leaks into air filled
 
for high pressures, chamber above the pis­
vulnerable to frost ton
 

very large dimensions, cannot be concealed
 



GAS TRANSPORTATION METHODS SIGH-PRESSURE GAS STORAGE METHODS 
43:pp.55-61 

METHODS : pipeline [43: pp.63-65] tanker [43: pp.i-sj METHODS: underground high-pressure holder transportationpiping 

RESPONSIBILITY: private company/public central authority RESPONSIBILITY: public/private utility 

CONTROL: regional/national public boards/ce s..sions 
CONTROL: public board control 

CHARACTERISTICS: high pressure lines with 
welded joints inspected 
by x-ray; tested, pro-
tected by wrapping to 
prevent leakage 

SCALE OF gas is piped farther 
OPERATION: than 2000 miles at 

pressures of 60 to 100 
atmoshpheres, requiring 
relatively thin wall 
pipes and low pumping 
costs; hi,;her pressures 
require stronger more 
costly piping, pumping 
systems 

ADVANTAGES: best method for short 
distance transportation 
over land 

transport liquefied gas 
over long distances 

Mctane, Propane, Butane 
can Pe li,;uefied by pres-
sure at rom temperature 
norratly. methane is 
trr;.spcric: at -162-C, 
re uiring juipment made 
of *-;r. -cial materials, 

flexible, economical 

method for long dist.nce 
transportation 

CHARACTERISTICS: 

ADVANTAGES: 

storage in commonly horizontal oversized pipe­
exhausted cylinders with domed lines can be us­
gas fields: ends: gas is com- ed to store gaslimestone pressed into them at high pres­
aquifers and removed by simple sures with 

expansion considerable 
used for volume 
storage for used for storage at­
distribu- distribution end of 
tion on a network 
regional 
scale 

no moving parts; easy to conceal; relatively 
cheap to build 

DISADVANTAGES: long distance trans-
portation only practical 
when points of supply
and delivery are firmly/
unchangably established 

large capital expediture 
required to bury piping 
which can be used for the
established ronte only 

methane requires extreme­
ly cold temperatures 
necessitating use nf 
special alloys and herm­
etically sealed insula­
tion in the tanks on 
board ship, pipes running 
along jetties and tanks 
on land 

DISADVANTAGES: great leakage potential 

GAS DISTRIBUTION METHODS 

international transporta-
tion endangered with 
deterioration of poli-
tical relationships. 

extreme precautions must
be taken to prevent ex-
plosion dangers. 

METHOD: 

RESPONSIBILITY: 

infrastructure [43:pp.65-67! bottle [ 
4 3 

:pp.13,45-46) 

private/oublic utility companies install and maintain 

all comonents. 

CONTROL: public control board/cormission 

CHARACTERISTICS small diameter, low pres-
sure mains, service pipes: 
pressure regulating de-
vices locatel as needd; 
1/50 to 1/10 atmozphere 
pressure range; meters 
located at each customer 
(lot) 

liquifiable gas-(butane/
propane) stored in 
liquid form at room 
temperature in light 
steel cyclinders 
which are periodically
trucked to users. 

SCALE OF 
DEVELOPMENTS: 

mains, service pipes in-
stalled in urban street 
rights-of-ways 

primarily rural/areas 
remote from infra­
structure 

ADVANTAGES: ready energy source con-

petitiv, with electricity 

portable, flexible 

source of gas supply 

DISADVANTAGES: expensive to install; not 
flex'bln 

unsightly bottles 

7 



The AVAILABILITY of existing/proposed gas The PRESSURE of gas in a system is propor- The COSTS of installing and operating a gas FINANCING a gas supply system can be accom­

service in relation to a prospective iite is tional to the square of the volunme (rate of piping system are lowest when large diameter plushed by: [43: pp. 91-1081 

a factor to be considered in site sele.:tion; 

but, even if the infrastructure is not 

ava! able, gas may be supplied in bottles at 

reasonable cost. See LOCATION. 

flow). For example: a pressure change from 

4 inches of water to 16 inches is necessary 

to double the rate of flow in a given pipe 

[43: p. 62]. 

pipes are used at relatively low pressures, 

involving relatively thin walled pipe and 

low pumping costs. An equal volu~re of gas 

can be transported in smaller diameter pipes 

-Federal Grants: issued for construction of 

networks in communities where they ight not 

be an economic proposition in USA; only 

means of finance in Francs, Great Britain, 

at a high pressure by using thicker/stronger 
USSR, etc. 

The CAPACITY of existing/proposed gas ser- Gas pressure is measured in: [43: pp. 56-58] pipes at higher pumping costs [43: pp. 63- -Private Investment usually practiced in 

vice adjacent/available to a site should be -Inches of water; centimeters of water: 641. the sense that capital is subscribed by in­

adequate to carry the DEMAND of the proposed used in meailuring the lowest pressures such dividuals who may receive dividends in re­

settlement as well as future developments in as those in domestic service pipes. The QUALITY/CONDIION of a gas network turn, but uperationc (profits) are firmly 

the areas served by the syst-m [8: p. 451. -Inches of mercury; centimeters of mercury: should be checked to insure public safety. controlled by public agency. 

used in measuring slightly higher pressures Old, poorly maintained pipes are subject to 

The capacity of 

serve a site is 

a 

a 

gas distribution system 

function of: [43: pp. 

to ruch as those in industrial service pips, 

-Pounds per square inch (psi): kilograms per 

major leakage problems which can saturate an­

area and cause violent catastrophes (19: 

p. 1431,. Mechanically joined cast iron pipe 

61-62] square centimeter (kg/sq cm): used in meas- of the spigot-and-socket type is most com­

-VOLUME (rate of flow) of gas it conveys to uring the highest pressures such as those mon in distribution mains, necessitating low 

the site. in transportation piping/high pressure hold-' 
pressuros. While steel is the traditional 

-PRESSURE of the gas in the system at.the ers. service pipe material, they are now often 

site. -Atmoshpheres: used in mrasuring the highest made from rigid polyvinyl chloride (PVC). 
pressures also; a ratio of the pressura in 

Thir material is easy to install and is free 

Variations in the VOLUME of gas demanded 
the system to the atmospheric pressure. 

from the soil corrosion that rusts cast 

occur: (43: pp. 51,581 iron/steel [43: p. 66]. 

-Seasonally: peaks in winter; troughs in Pressures commonly used are: [43: pp. 55, 

sussmer. 57 59 63, 661 
The OWNERSHIP/ORGA;NIZATION of gas collec­

-Daily: peaks on weeKdays; troughs on week- -5 to 8 inches of water: for ordinary do- Lon, transportation, storage, and/or dim­
ends. mstic supply. 

tribution can be: [43: pp. 91-108] 
-30 to 40 inches of water: for medium-pres­

-Public (regional/national): aiministrating 

Volume of gas demanded/consumed is measured 

in: 

sure mains which are sometimes used to dis­

tribute gas to low-pressure mains, 
service the operation of interconnected regional 

networks and networks crossing state bound­

-Cubic feet (cu ft); cubic centimeters (cu pipes. aries. 

cm): comnon measure for billing purposes. -50 to 100 atmospheres: in long distance -Public (municipal/local): organized pri­

-Cubic feet per minute (cu ft/min); cubic pipelines and high-pressure holders; gas has 

centimeters per minute: measure of rate of been injected into porous underground sand- mat local d-Private Company: as bserving areas granted to 

gas flow in pipes. stone storage areas at 40 atmospheres. 
them by a public utility agency through a 

franchise; their operation is controlled 

quite firmly by public agencies. 





50. REFUSE COLLECTION The PRIMARY PUUPOSE of the refuse collecticn of a shortage of basic sanitary facilities' -IndLstrial Wastes: residues of i.dustrial 

service is the sanitary removal and disposal [41; p. 391. processes/manufacturing operations; its re-

REFUSE COLLECTION of the solid wastes, especially garbage, to moval should be the responsibility of the 

assure proper control of diseases such as - The component REFUSE MATERIALS can be clas- " industry. 

"The word waste refers to the useless, un- typhoid, plague, dysentary, cholera, etc. sified in several different ways. Sometimes -Special Wastes: hazardous: pathological 

wanted, or discarded materials resulting 141: p. 38). they are classified by point of origin (do- wastes, explosives, radioactive materials; 

from normal cozmur.ity activities. Wastes mestic, industrial, institutional, corner- security wastes: confidential documents, 

include solids, liquids, and gases. Atros- 'Consumer refuse will continue to be a major cial, industrial, ,gricultural or street negotiable papers, etc.; require very spe­

pheric wastes consist of particulate matter, problem of urban areas. With a rising pop- sources); and, other times they are classi- cial handling and disposal. 

such as dust and smoke, fumes, and gases. ulation: an increase of refuse production fied as organic or inorganic, putrescible or -Animal, Agricultural Wastes: manures, crop 

Liquid wastes consist mainly of sewage and per capita, and increasingly inadequate nonputrescible, combustible or noncombus- wastes; collected only -hen agricultural ar­

industrial wastewaters, including both dis- means of refuse disposal, new disposal sol- tible. One of the most useful classifica- eas are engulfed by urban growth. 

solved and suspended matter. Solid wastes utions and better utilization of current tions is based on the character of the mat- -Sewage Treatment Residues: course screen­

are classed as REFUSE. The physical state methods are needed. erials: [42: pp. 14-22) ings, grit, sludge, etc. 

of wastes may change in 'heir conveyance or -Garbage: wastes from preparation, cooking, 

treatment. Dewatered sludge from wastewater "The amount of waste generated is generally serving food. 

treatment plants may become solid wastes: too great to insure individual disposal in a -Rubbish: combustible: paper, cardboard, 

garbage may be ground and discharged into desirable manner; consequently, urban areas wood, plastics, rags, cloth, leather, grass, 

sewers becoming water-borne wastes; and fly usually provide the service of removal and leaves, etc.; noncombustible: metals, cans, 

ash may be removed from stack discharges and final disposal. soil, stones, bricks, glass, etc. 

disposed of as solid or as water-borne -Ashes; residue from fires used for cooking 

wastes.' "The increased population with its increased or heating. 

refuse production results in greater dangers -Bulky Wastes: large auto parts, tires, 

"REFUSE comprises all of the solid wastes of of ground pollution. Great care must be ex- large appliances, furniture, trees, stumps, 

the community. It also includes semi-liquid ercised in the placement of the disposal ar- branches, -tc.; require special collection 

or wet wastes with insufficient moisture and eas to insure the proper respect for econo- arrangements, vehicles. 

other liquid contents to be free-flowing" mic as well as environmental costs" 119: -Street Refuse: street sweepings, leaves, 

142: pp. 13-14). p. 1451. catch basin dirt, contents of litter recep­

tacles. 

The informatic a included here is rather sum- "The problem of pollution-from solid wastes -Dead Animals: from cats, dogs to horses, 

marized and should be used only for refer- can take several forms; grors or surface cows; require special arrangements. 

ence, ranges, or to clarify criteria. pollution, and pollution of subsoil, water -Abandoned Vehicles: autos, trucks; re­

and air. In reviewing these problems, it quire special equipment. 

DEFINITIONS was found that they were especially impor- -Construction, Demolition Wastes: lumber, 

tant in the fringe areas of many metropol- roofing, rubble, conduit, wire, insulation, 

REFUSE COLLECTIONC 
5 
) - the service for col- itan areas of Eastern and Western Pacific etc.; require special collections. 

ledtion and disposal of all the solid wastes regions, Africa, and Latin America, because 

from a community. 



REFUEDSPOAL ETWORK I 
OF REFUSE 

rE ComineF RPREPRATON SpartedPREPARATION 

separation of rtfuse by

each dwelling
 

ST O RA G E  

I ] Cans
 
concentration of Bags COMPONENT: Combined
 Separate
refuse till pick- Vaults 


-RESPONSIBILITY:
up 
individuals of each dwelling prepare refuse
up CONTROL: public law determines process required
 

collection of refuse 

":HARACTERISTICS:all typos of refuse are
in onc the garbage is scoar­lot; garbage, 
 ated from the rubb­

rubbish, ashes, street 
 ish and ashes
 
TRNPR O Drefuse, and industrial
 

TRAnATION Direct Transfer 
 wastes this method is essen­movement of refuse 
 becoming more
foipsa-iethan b favorable tial if hoe feeding
is a major form of
separate systems. disposaI 

in most urban areas
 
bottles, cans must be
 washed to remove food
 
particles
 

DISPOSAL COM'fAL INDIVTDUAL
 
final removal of USE EXAMPLE: BOSTON (U.S.)
 
waste 
 dmp open dump 
 ADVANTAGES: most practical, allo-s the use of
 

I %% ' Simple for homeowner selctive diposal 
incineration methods: s-lvage, hog 

most economical for feeding. etc. 
,, "good closed dump garbage disposal pickup 

where individual
 

hog fedinggaitage disposals arehog feedinused 
 and &efuse al­

incineationread y sepa rated ~of more effort on parthome owner
 

disposal at sea
 

pickup
requires two 

tepesting times and two pickup


vehicles; higher cost
 

salvage & reclaiastionveilshgerct
 

hage eding 
 requires two disposal
hog feeding methods
 

grinding
 

The COMPONENTS of the refuse collection ser­

vice are illustrated in the following fig­

ures: (19: pp. 146-151] 

-Refuse Disposal Diagram (fig * I. 

-Collection Types Chart (fig # 1. 

-Storage Methods Chart (fig I- ). 

-Pick-up Point Alternatives Chart (fig * ). 

-Transportation.Methods Chart (fig * 1. 

-Disposal Methods Chart (fig # ). 



PLASTIC CANS BAGS
METHOD: 	 MEXTAL CANS 


mainly for rubbish, mainly for garbage mainly for gar-


also for garbage bage

FUNCTION: 


most case: in rare situations
RESPONSIBILITY: 	individual provides in 

th- city will provide to promote standardization 

public law controls methods and procedures in all cases
CONTROL: 


highely sanitary
to prevent odor and flies 

from penetration; Must be waterproof and easy to
CNARACTERISTICS:±u5t have lid 


handle 

need to
lightweight; must be easy to clean: must no 


be within size what one man can carry, 

usually 75 to 100 pounds; must control 

rubbish to prevent spread 


usually required 

by city for its
 
strength and dur-

ability 


must be kept off 

ground to prevent 

rusting; life is 

2-3 years 


if underground, in-

vitos problems of 

freezing and water 

infiltration; but 

cannot be tipped 

and it is con-

ealed 

55 gallon drums not
 
recommended
 

SCALE OF USE: 	 each dwelling 


EXAWIPLE OF USE: 	Boston, for 

rubbish 


ligher than metal; 


will not rust 


tends to crack in 

cold weather 


rodents may chew 

through walls 


susceptable to 

firs 


coaledto 


each dwelling 


return 


some cities re-

quire plastic 

b, . for garbage 

paper bags are 

used for rub-

Lish 


INDIVIDUAL VAULTS 


for rubbish 


individual 


usually constructed 

of brick or con­
crete 


requires shoveling 

of refuse into 

truck; a slow and 

costly operation
 

usually earbige 	is 


CONBIUNALVAULTS 

for rubbish
 

developer or
 
disposal firm
 

retal construction
 

refuse dumped
 
directly into truck
 
or hauled in cor
 
tainer to
 
disnosal
 

disposed into them also
 

use is vety ef-- fires in vaults is a continual danger
 

resultring n objcctirnal odors and difficulty 
in keep them clean; ,reezing weather pre­
vents adequate dumpiig; the danger of 

ficient but th
 
cost is high 


allows reduct-

ion in pickup
 
crews 


not widely used 

in the US
 

each dwelling 


Boston requires
 
plastic bags
 
for garbage
 

usually difficult 

to keep surrounding 

area clean 


located in alleys 

generally 


each dwelling 


difficult to keep
 
surrounding area
 
clean
 

located in special
 
areas concealed
 
from buildings
 

holds "olumes up15 cu.yards
 

multifamily housing
 



T0ASPO ATIoPOINT OF PICKUP 


METHOD: CURBSIDE YARD METHOD: DIRECT TRUCK PICKUP TRANSFER PICK-
UP METHOD 

RESPONSIBILITY: owner must move to curb 
or alley 

pickup men must move 
to truck RESPONSIBILITY: .ity or private contractor provides service 

CONTROL: public law determines public law or added 
payments by owner 

CONTROL: city policy sets service requirements 

provide service CHARACTERISTICS:Pick-up vehicle mu~t be odor free, watr tight, 
clean and psychologically cbstrus"; leading 

CIRACTERISTICS:rcfuse contained in cans 
or other enclosure to 

garbage men pick up 
refuse container from 

height is the nost critical factor for offic­
lent use size, hight an] width of vehicle 

prevent scattering door step and trans- 
port to truck; some-

determined by road para-eter: vehmL.,s usually 
also used for snsw removal and other services. 

times container re­
turned to yard as part 
of the service 

In this method 
the trucks are 

0,en To Eeolcsed Conctor enntied into a 

EXAMPLE OF USE: Boston (U.S.) 
Oow coat;
in most 

sae is 
open but 

co,rc.7es 
refus-; 

lar,.-r transfer 
v-n holding 10­

cities; no odor saves ran- 20 small truck 
ADVANTAGES: lower cost to city convenient to owner capacity or litnr- hours; loads 

alows neater strret;e~aseran lssyds;
and less 

of 10-20 
may 

basierbe used 

ing by
wind; 
limited 

allows 
larqe 
caP.ac~ty 

system allows 
savinga ir run­

sreet maintenance for odd in size wsthzut ning tI!me to 

DISADVANTAGES: less convenient to higher zest to city 
refuse; 
refuse 

of re-
fuse 

exceeding 
street 

disi'onal area 

owner 

litters streets with 
overturned refuse con-

if not borne by 
added payments of 
owner 

blows 
away 
easily; 
eo y 

capacity parameters largest savings 
is possible if 
disposal area 
is 0 miles 

tainr cc-.on distant 

The trucks arc emptied directly 
into disposal area. 

Frequency of pickup is related to temoerature 
and weather; the hotter the -eather, the more 
frequent the pickup requirements; twice a 
week in warn climates to once a week in cold 
are co-mon; once every two weeks in small 
cities: if garbage is sep.rated fro rubbish, 
it does not require as frequent pickups in 
hot climates 



DISPOSAL
 

METHOD: 	 OPEN DUMPS CLOSED DU.WS INCINERATION DISPOSAL IN LAKES,OCEAN 

FUNCTION: 	 all refuse into pits or all refuse buried into margin combustion of all refuse dumping of all waste into
 
on land sites al land available water course
 

RESPONSIBILITY: city or private contract company provides service
 

CONTROL: 	 city policies and health codes
 

CHARACTERISTICS:located in unwlanted areas such as quarries, and marsh volume reduced .5 to 20%: 
 barges are used to deposit

lands; on inexpensive lard; articfical trenches may be eliminates moisture and gases: refuse in water

dug if no depressions available
 

requires 1,250-1,800 F temper­
must be located in areas not subject to floodine and ature, multiple burners reduce
 
with proper drainage; geological conditions Important pollution by better combustion
 
to prevent contamination of the water table individual incinerations illegal
 

in most cities
 
requires two foot dirt cover
 
per day 	 taxes pay for system: 3.000-4.000
 

dollars per ton initial cost:
 
S4-6 per ton operating cost
 

LOCATION: 	 downwindfrcm residential areas; within 10 miles of in industrial areas; wind not
 
city; in industrial areas; on marginal land a factor
 

SCALE OF
 
DEVELOPMENT: small eom-nunities medium to high denisty areas large, high density urban areas
 

412 people/ac.foot of dump 1,430 people/ac.foot of dump 2,080 people/ac.foot of space
 
ADVANTAGES: requires only one collection trip per area convenient location, little need no land requied for dumps
 

low cost, no machines, for land; not affected by
 
no supervisiomsimple 
 rcclains marginal land; no weather, flexible operation no eyesore, odor, no health
 

odor, no health hazard hazard
allows explosive methane bottles ard metals my be sold
 
gas to escape allows 50% reduction in vol.
 

heat may be utilitized if on
 
large scale (Chicago)


DISADVANTACES: 	 uses 
large anounts of land may pollute water supply hiq% cost, skilled labor, high high extra hauling cost by
 
difficult to reuse 
9spreads odor holds water,
fly danger, eyesore, may 

high cost, requires specialmachines, enits explosive
methane gas which must he 

s,.tcnalne costs; ashes muststill be removed to dpbecomes
not jesofes iolautel 

barge 
polluted 

pollute water supply 
ruins future land use 
fire hazard 

vented; settles 10-25% with-
in 6 months; 2 yrs befor, 
light load support; does not 
allow basements 

not justified 
available 
air pollution 

if land 

hazard 

fill 
storage needed when lake 

salvage may be carried on 
in other methods also 



SALVAGE A
METNOD: HOG FEEDING 

RECILflATION 

use of materials
maintenance of 


farm for profit to be sold 

FUNCTIONs 


by feeding gar-

Y
bage city or private 

company 


RESPONSIBILITY: private company 

market value,
CONTROL: health codes 


15% reduction ­
of disposal; treated in volume 

uith heat to kill 

bacterial trickin- useful for 


CHARACTERISTICS:traditional method 


a 

osis small portion 


of refuse only 

25% of garbage in 

US fed to hogs in 

1961 (R:31) 


restaurants and 

hotels contribute 

most to program
 

ADVANTAGES: privides income from potential sale 

of end products
refuse 


minimum effort, 

inexpensive 


most of refuse 

not eatable; 

dependent at. 

separated 

pickup 


DISADVANTAGES: 


hazard of dis-

ease spread 


usually distant 

from sources of 

supply 


high labor cost 


of separation 


uncertain of 

product or 

market 


GARBAGE 

RECL."
GRINDING 

shreddingof 


garbage and 
wa~hing irntosewe 

city, company or
 
individual 


city policies
 

miy be handled 

by city or by 

individual 


older sections of 

city don"t have 


disposal units 

so individual 

systems must be
 
augmented by city 

system 


convenient to 

owner 


canitary method 

of disposal 


only smill portio 


may be grinded 


must have two 

syste's 


high costs dif-


unsanitary processficult to just-


might overload
 
sewers; solids
 
increase by tGil;
 
grit by 40%; do-

mands higher pres­
sure and supply 


IN;ORDISPOSAL METIODS1 


MECHANICAL 

TON GINDNG
CHPOSINGkind
COMPOSTING 
biochemical degradatk
 

of organic material 


resultant fcrti­
lizer of very high 

quality
 

not successful in

the US bcause of
 

the high cost and
 
no market 


used in European 

countries exten­
sively 


end product of
fertilizer may
 

be sold 

50% of refuse is
 

no-compostible 

:11dlmust Still be
 

-. of inJlosec! 

,ther manner 


no or little 


market in the 


The per capita COST, per year for refuse
 

collection in USA :19(01 ranges from $0.24
 

to $7.40, reflecting wiue variations in re­

lative efficiency, amount of service, or the 
of service [42: p. 791. According to 

WHO, almost 7C% of the total cost of garbage 

(refuse) disposal is for transport [41: 

p. 391.
 

The AVAILABILITY of refuse collection ser­

vices in relation to a prospective site Is
 

but, in general, it can always be provided ­

within reasonable limits of cost and of
 

quality of service. See LOCATION.
 

The CAPACITY of cxisting/proposed refuse
 

should be adequate to carry the QUANTITY of 

refuse prodaced by the proposed settlement
 

as well as by future developments in the ar­

eas sored by th utility. The developer
 

adequate refuse collec
 
sol nueta aeute refus coll­tldisure t 


tion is available to a site In his preli­

minary site considerations [8: p. 661.
 

The QUANTfT" of refuse collected as related
 

to the qiantity produced is a function of
 

such factors as: (4): pp. 22-271
 

-Population: as population increases, re­

fuse production increases.
 

-Land Use and Intensity of it Use: indus­

trial, co.snercial, and residential areas
 

prouce varying quantities of refuse; there 

may be variations between high, medium, and
 

low incce residential areas; as 
the density
 

of an area increases, the refuse collection
 

required by that area increases.
 

-Material Ccnsunption: as per capita con­

sumption of disposable material goods in­

creases, per capita refuse production in­

creases.
 



-Frequency of Collection: with frequent 

service, inore refuse per capita is collect-

ed; but, smaller quantities are set out each 

collection day. ­

-Refuse Separation: conunities requiring 


refuse separation may make more frequent 

collections of smaller quantities than those 


making combined collections. 

-Amount of On-site Disposal Permitted: when 

on-site burning is allowed, refuse quantity 


decreases; installation of garbage disposals 


have reduced the quantity collected from 25% 

to 101 of total refuse; with on-site dis-

posal, collections may anly a.ount to 50-751 


of the total refuse produced. 


-Cost of Collection: where direct collec-

tion charges are made, householders may din-

pofe of more combustibles on-site; costs in-

crese with increased cellection frequency, 

-Gencral Trends: while garbage and ash 


quantZ!es are decreasing, a.ounts of com-

bustible rubbish, particularly paper, plas-

tics, are increasing; there 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. 391 

-Paper: 42% 

-Combustible Rubbish: " 22 


-Food Wastes: 12 

-Noncombustible Rubbish: 24 

variations in quantity of refuse collected 

occur: 142: pp. 31-321 

-Seasonally: 
 winter climates have winter 


peaks (ashes), summ.er peaks (garbage, yard 

rubbish). 


-Daily: 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 trend 

fror 1955, growth of refuse production will 

continue to increase at about 0.07 lb/cap/ 

day or 25 lb/cap/yr [42: p. 251. 


OS residential refuse quantities collected 

in 1965 varied from 1.1 lb/cap/day to 3.2 

lb/cap/day or from 386 lb/cap/yr to 1152 lb/ 

cap/yr [42: p. 271. 

Refuse quantities are measured in: [19: 

p. 1451 

-Pounds per capita; kilograms per capita: 


measure of refuse produced per person; usu-

ally based on per day or per year. 

-Acre-foot: measure of dump or fill volume. 

The PREPARATION of refuse for collection is 

an important factor in determining the ef-

feetiveness 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 and expensive; and, it is 

.A nuisance and a menace to public health. 

However, the refuse can be prepared for col-

lection when the householder is made respon-
sible for: [42: pp. 42-44]
 

.A. SEPARATION: into classes/kinds of mate-

rial. 


B. SPECIAL TREATME:T: for each class. 

C. STORAGE IN ADEQUATE RECEPTACLES: for
 

public health and ease of collection. 

D. LOCATION OF RECEPTACLES: for ease of 

collection and householder convenience. 


E. LIMITING QUANTITY: to make collection 


service uniform, 

p.EPARRTICI OF PFrUSE FOR COILFCTION 142: pp. 42-74 

A. The -kpATIO:N of refuse is influenced by thb 

dioporu -th'- :,-d for es1ri1ca1 classes of refuse. 
The fllo.-ng dinio-;l roth-do usually rplayed by 

municipalities and the s.'paration required in each 
instance are discossed below: 


-11,) F-ening: gar! 3e rust be separated from all 

othor refuse. 

-Certral Crirding: cans. bottles, iraken glas-ware, 
crockery. metls, a-h-s, and sirilar roface must be 

separar-i fr- refue u icb can be ground and din- 
c.arged into the -rottage syctee, 
-Incineration: ccr -:tiiies -ist be separated from 
neont ihlns. 
-Open rrnnG: coutlible raterials -ecspt garbage 
should ue separated frm other refuse. 
-open to-ping: aohen, unry building rubble, etc. 

my be disycoed by open dc-pinq. 
-Sanitary -ill: no tr ratlen required. 

-Anion for Caver stat-oial: ashes, other mineral 


1 

woe as co- for open daops/ 
snitary fills. 

- uhes for Steet It irec: ashes eust be non-
;ictoly separated fro, all other refue, 

Tatt -, are neparatcd for 

3Car-posting: svgc'.to., l-oor. etc. cunt be sepa-
rated fro, all other nn-d,-cayirg refuse. 

-Recoery a-d Sale: hausriel-ters required to sepa-
rate designated materialr hich the city cas sell. 

Separation can be affected by collntion prectices 

such as 
-multiple collection ageocies which demand that sat­

e-ials handled by each be kept se;arate. 
-Oifferences in frequency of collection can neesa-

itate the separation of refuse into several classes. 
-Bulky trash items such as tree branches, household 
eppliance., etc. are sometimes collected by special 
vehicils. 

a. spirIAL TREAflSENT of garbage, rubbish, and ashes 
my be required in order to insure better sanitation, 

more ecereical collection, or more effectivs dis-

Special preparation of garbage for collection is us­eally given the iost attention by the city offcals 

responsible for collection and disposal oZ refu3n, 

because of its high uteibility and greater diff­
iculty of disposal. Usually it rust be drained of 

free moisture, often it has to be wrapped in paper, 
sod in e instances the bandles must be tied. 

Special preparaion of rulbish for collection Is re­
quircd by s.sty cities to reduce the cost of collect­

ing certain kinds of bulky naterial such as,
 

-Cartoc,s.oes: may be reqired to be broken apart,
 

laid flat, Ard tied is bucalc.
 

-Tree Branchs, may be required to be cut into 4
 

foot lengths and tied into bundles of not more than
 
75 pends.
 

-Tin Ca-s: say be required to be washed and/or
 
crushed.
 
-Euseheld Prniture, ApplIance: may-be collected
 

as whole units by a sTecial service or as bundles
 
of broken pieces by reg:lan service.; may be collect­

ed by chaitalhle organraticon for salvage. 
-Dangerous Rhhhinh: poisons, enplesives, acids, 

caustics. infected materials are usually required
 

to be disposed of directly by individuals. 

Spelcal preparation of ashes for collection Includes
 

the preentton o y cold ashes for collection
 

in peified otine cd
 

C. Separation and special treatrent of refuse is of 
little value without ST?LPJGF IN AnEZUATE PICE77ACLES 

to protect the refuse until it is collected. -here 
sos everal kinds of refuse rontainers that insure 

sanitary storage of garb-age, prnoent toe escApe of 
refuse, and provide for econoical collection. Oar­

bage cootainera oust be watertight, have tight­
fitting coers, and be easy to clean. Rubbish me­
ceptacles should not allow refuse to leak thxough 
crevices or he blown fro, the tnp. Cotainers for 
ashes shuld be leakproof and fireproof. All re­
ceptacles shculd be easy to erpty and be equipped 
with hanles. Orceptaclee should be sioed acording 

to the weight of the refuse to be contained in order 
to make the handling of them easy and econoical feo 
collectors. 

LOCATION rust be at 

place from which the rn.prir collectcrs will accept 
D. The OF PECETAYCXIS the 

thm. In many canes, hcu;eholders find such loca­

tions also the mot conenient placea to keep the 
containers between collections. liowene, when 

collectionn are mace from the curb. the containers 
must usually be kept elsewhere. The location of 
recep tacles is larj"-ly a matter of municipal regul­
aton, altsugh it ma a atter o micphouseholder' 

convanience.
 

E. egulations for LIMITrJG TIM tUANTITY of
 
refuse wnch will be collected from a tingle
 
residence at one time are established to:
 

-Maintain the service rendered on a uniform basis. 
-Insure a more or Los constant collection free 
week 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 communities health" [42: p. 31. 


Two types of standards must be recognized 


when considering refuse collection: [42: 


p. 33 


-Public Convenience: collection location 


(curb vs. backyard), collection frequency, 


combined vs. separated collections, etc. 


-Public Health: refuse storage regulations, 


minimu collection frequencies, refuse col-


lection vehicle regulations, etc. 


The principle methods of FINANCING refuse 

collection are summarized as follows: (42: 


pp. 268-2953 


-General Property Tax: distributes collee-

tlion cost on an ability to pay basis, in-

sures collection from all properties, oper-

ales with less overhead than oilling meth-


ods; but, allows large refuse producers to 


be subsidized by the small producers. 

-Separate Property Tax: levies tax on pro-


perty for the specific purpose of refuse 


collection: has similar limitations and ad-
vantages as general property tax. 

-Service Charges: collected on basis of the 


measured/estimated quantity of waste re-


roved: makes charges/fees proportional to 

cost of refuse collection; makes administra- 

t costs oeof billing high. 

-Can, Container Rental Charges: made to 


provide refuse producers with municipally 


owned, standard receptacles, and to cover 


costs of emptying, servicing, maintaining, 


and replacing these :ontainers. 


-Special Assessments: made against proper-


ties benefiting from the service, 


-Miscellaneous Pevenues: sole of private 

collection licenses, fees for salvage priv-

ileges, sale of salvaged raterial, sale of 

collection privileges, etc. 


'It is generally accepted that municipal 


functions performed for the good of a whole 


community should be financed from general 


taxation, while those conducted for the par- 


ticular benefit of certain individuals or 

organizations should be supported by charges 


or fees against t-hepersons or properties 


benefited' [42: p. 2691. 

The RESPONSIBILI7Y/CONfTROL for regulating 

tlinfunctions and services of refuse collec- 

tion shculd rest with the local government, 

since the storage, collection, and disposal 
of refuse affect the health and welfare of ­

coesounity. Refuse collections nay be per­

foomed by: [42: p. 31 

-Governm.ent agency 

-Contractor under contract with the govern-


mont. 

-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 accumulation of solid wastes in open 


dumps or inadequate fills. These dumps are 


not just aesthetic diseasters; if they are 


burned they contribute to air pollution, 


water perzolaring through them pollutes 


groundwater supplies, and they serve as 

breeding grounds for such annoing and dis- 


ease-bearing organisms as rats, cockroaches, 


and flies, 


'It is becoming universally recognized that 


current methods of dealing with the solid 

waste problem are utterly inadequate. A 

report by the U.S. Pep.rtment of Health,
 

Education and Wcllfare recently labeled 94 

percet of the 12,000 disposal sites in the 

United States as 'unaceptale.' Many 

cities are facing disposal crises as popula-


tion growth simultaneously 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 avail­

able, is a more satisfactory (and expensive)
 

solution than dumping, but it also gener­

ates many problems. Water pollution contin­

ucs, dust pollution is created, and nonbio­

degradable materials (those not quickly bro­

ken down by microorganisms) which do not
 

compact easily, lessen the utility of the
 

fill. Incineration 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 care is taken, of course, this answer
 

may merely subutitute air pollution for land
 

pollution.'
 

MXItDS OR INCFAS 1iG TIE EtrrICIV:C OF irLXSE 
DISPOSiAL
 

A. cxnctllc:/FL;i:of .sTttst could relic.th­
weiql.t of rtt -1-jIs for disFosal ty up to 4C% in tea 
us. Par,-, pi. prooluzts. on certain r-t.'ls are 
retot.A1iy o -al not only in terriof Ver 
E-r n tiohoelogy of c--r, but sine in terms of 
ti cni'2 of t.e-.e ---ils- :-cYcle of 91iss. 
rcl'n.,sod platics sI.nl1also t46 sain 144: 

r- L71. 

'In tie ft, cf the eot-lus na-I' to clijeire tic 

a-,,f,:l .vatt.rr;of n.,---sble renaurces, the 

No..U .io-n n-c e ten. S7- t.,- into 
ace-, ti., p-.-: i: f thlrty -. 9:ylng cstpon­
t:.' 14,: p. U1. 

s-. h glze t.c:e'. . an 

. 
catt4 Z- , , , . a c-l- ;,roduiit the 
s nuf'_t 1_. of r , ,.-r l l- ' -u t . I- -tjxde­

_: I ' to r-Y.-- dt,, 

of reusPI- rot-,1it jOS: p. 115). 

ac.- r a ,t,,. -, cae of r e sno­
u .c ,t-!.o:io c. ure-lt frcr e 

d.t , ;., a-ft e.g:-to. Methods 

or te ,i, floes: in, t-on':,wotic and 

t -.- , : ,n t,-h. 

D. P DuI 7 CACFlZ0: redt:,a n-b -- os- and in­
cra- tin, dntity c reuse. therby rducirg 
ccans-rai- coits and facilitating final deposit. 
cen;ut-I refuse could be tuatnrtrd by call fun 

urhan 	 ceters to areos in ne-d of f.1l aterial for 
oelar-9n s-tcaorgi.f-l land& resulting from t-rip 
-ilng/erosion [46,pp. 3', 341. 

7 



50. FINANCIAL PLAN
48. DEVELOPMENT MODE 


51. SOCIAL
49. IMPLEMENTATION 




BIBLIOGRAPHY 

1. Merriam, WEBSTER'S 3rd NEW INTERNATION- 25. National Board of Fire Underwriters, 33. Beyer, Glenn H. LAND SPECULATION: 41. WHO Expert Cozmittee, ENVIRONMENTAL 

AL DICTIONARY, 1966. NATIONAL BUILDING CODE, New York, SOME CAUSES AND SOLUTIONS, Urban Re- HEALTH ASPECTS OF METROPOLITAN PLANNING 

1955. newal and Housing Administration, AND DEVELOPMENT, Technical Report No. 

3. Abrams, Charles, THE LANGUAGE OF CITIES, Puerto Rico, undated. 297, World Healt.-!Organization, Geneva, 

Viking Press, New York, 1972. 26. DeChiara, Koppelman, PLANING DESIGN 1965. 

CRITERIA, Van Nostrand Reinhold Co. 34. Salvato, Joseph A., ENVIRONMENTAL SAN­

7. Turner, John, NOTES FOR A HOUSING (Pratt Institute), 1969. ITATION, John Wiley and Sons, New York, 42. Co ittee on Solid Wastes, American 

POLICY WITH SPECIAL REFERENCE TO LOW 1958. Public Works Association, REFUSE COL-

INCOME HOUSING SYSTEMS IN METROPOLITAN 27. American Society of Planning Officials, LECTION PRNCTICE, Public Administration 

MEXICO, M.I.T., 1971. SOIL SURVEYS AND LAND USE PLANNING, 35. Borgstrom, Georg, TEE HUNGRY PLANET. Service, Chicago, 1966. 

Soil Science Society of America, 1966. Collier Books, New York, 1967. 

8. Urban Land Institute, COMUNITY BUILDERS 
43. Kinchin, Leslie T., THE GAS INDUSTRY: 

HANDBOOK, ULI, Washington, D. C., 1968. 28. Bartelli, L.J., ENGINEERING SOIL CLAS- 36. Fair, Geyer, Okun, WATER AND WASTE- TODAY AND TOMORROW,George G. Harrap 

SIFICATION FOR RESIDENTIAL DEVELOPMENT, WATER ENGINEERING (Volumes 1 and 2), and Co., London, 1966. 

19. Goethert, URBAN RESIDENTIAL INFRASTRUC- Soil Science Society of America, 1966. John Wiley and Sons, New York, 1966. 

TURE NETWOPS, M.Arch Thesis, M.I.T., 44. Powell, Charles A., PRINCIPLES OF ELEC-

Cambridge, 1970. ?9. Rams, Edwin M., CITY LAND VALUES. 37. Babbit, Doland, Cleasby, WATER SUPPLY TRIC UTILITY ENG:NEERING, M.I.T. Press, 

Academy Publishing Co., Worthington, ENGINEERING, McGraw-Hill Book Co., C -bridge, 1955. 

21. Wild, S.A., FORESr SOILS, Ronald Press, Ohio, 1963. New York, 1967. 

New Yn-k, 1958. 45. Olson, Charles E., COST CONSIDERATIONS 

30. Gaffney, Mason, LAN;DA5 AN ELEMENT OF 38. Dicterich, Bernd H., URBAN WATER SUPPLY FOR EFFICIENT ELECTRICITY SUPPLY, The 

22. Dougal, Merwin and others, FLOOD PLAIN HOUSING COSTS: TUE EFFECTS OF PUBLIC CONDITIONS A:S t:VIEs IN SEV-ENTY-FIVE Institute of Public Utilities, Graduate 

MANAGEMENT: IOWA'S EXPERIENCE, Iowa POLICIES AND PRACTICES. THE EFFECTS DEVELOPING COUNTRIES, World Health School of Business Administration, Nich-

State University Press, Ames, Iowa, OF nOUSrI;G oElvAND, InstituLe for De- Organization, Geneva, 1963. igan State University, East Lansing. 

1969. fense Analyses, Arlington, Va., 1968. 1970. 

39. Urban Land institute Technical Bulletin 

23. McHarg, Ian, DESIGN WITH NATURE, Natu- 31. Abrams, Charles, M.AN'S STRUGGLE FOR Number 59, NEW ENGINEERING CONCEPTS IN 46. Vennard, Edwin, GOVERNMENT IN THE POWER 

ral History Press, Garden City, New SHELTER IN AN URBANICING WORLD, MIT COMMUNITY DEVELOPMENT, ULI, Washington, BUSINESS, McGraw-Hill Book Co., New 

York, 1969. Press, Cambridge, 1966. D. C., 1967. York, 1968. 

24. Murphy, Francis, REGULATING FLOOD-PLAIN 32. Eichler and Kaplan, THE COMUNITY BUIL- 40. Borgstrom, Georg, TOO MANY, Collier 47. Street and Highway Lighting Committee, 

DEVELOPMENT, University of Chicago DERS, University of California Press, Books, New York, 1971. STREET LIGHTING MANqUAL,Edison Electric 

Press, Chicago, 1958. Berkeley, 1967. Institute, New York, 1969. 



48. 	 National Research Council NAE-NS), 

POLICIES FOR SOLID WASTE MANAGEMENT, 


U.S. Public Health Service Publication 


No. 2018, Washington, D. C., 1970.
 

49. 	 Ehrlich, Paul and Anne, POPULATION RE-

SOURCES ENVIRONMENT, W. H. Freeman Co., 

San Francisco, 1970. 

Caminos, Turner. Steffian, URBAN DWEL-

LING ENVIRONMENTS, M.I.T. Press, 

Cambridge, 1968. 

Goethert, R., TOWARDS THE DEVELOPMENT 

OF MINIMUM NORMSOF URBANIZATION, 

M.I.T., 1969. 

National Association of Home Builders, 

LAND DEVELOPMENT MANUAL, Washington, 

1969. 

Parker, G., PHYSICAL GUIDELINES FOR 

POPULAR URBAN SETTLEMENTS IN DEVELOPING 

COUNTRIES, M.I.T., 1970. 

Howard, John T., COMPONENTS OF THE 

URBAN ENVIRONMEXNT,Course 11.11, K.I.T. 

Cambridge. Class notes Fall/Spring
 

1968.
 

Caminos, H., Goethert, R., COURSE 4.161
 

NOTES, M.I.T., 1971.
 

Federal Housing Administration,
 

ENGINEERING SOIL CLASSIFICATION FOR
 

RESIDENTIAL DEVELOPMENTS, Washington
 

D.C., 1961.
 

Aronin. Jeffery Ellis, CLIMATE AND 

ARCHITECTURE, Reinhold Publishing Co.,
 

New York, 1953.
 

Experimental Building Station Bulletin
 

Number 3, CLIMATE AND HOUSE DESIGN, 

Australia, 1964. 

Englehardt, N.L., THE SCHOOL NEIGHBOR-

HOOD NUCLEUS, The Architectural Forum. 

Ratcliff, Richard, URBAN LAND ECONO-

MICS, McGraw Hill Co., New York, 1949. 

Caminos, Horacio, A METHOD FOR THE 

EVALUATION OF URBAN LAYOUTS, Industrial 

Forum, vol. 3, #2, Dec. 1971. 

Ritter, Paul, PLANNING FOR MAN AND
 

MOTOR, McMillan Co., New York, 1964.
 


	Untitled
	Untitled



