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/Blair 

URBAN ENV-IONMENTAL OUA1ITT HPLAGEKNT 

flrrUCTION 

Before a meaningful discussien of environmental quality mnagement in urbn 

areas is p usible, seas definitions and background are necessary. First, what 

is envireamental quality? To the public health engineer, enviremental quality 

invelves, for exaiple, vector con rol, food sanitation, swimming peel insfpection, 

aintenanoe of adequate quality of drinking water. To the urban deognerp, it 

means the visual quality of the design and arrangement of buildins in space. 

To the kiker, enviremental quality might be the visual aesthetics of th'i forest 

through which he/she walks, as that quality is affected by logging operations 

and by ether hikers who have discarded litter along the trails. To the social 

vorker, it might be the quality and condition of housing for workers. In sum, 

envirammental quality probably has as many definitions are there are individuals 

defining it. This is why it is universally difficult to get politicians, civil 

servants, envirtnmentalist., academics to agree on what it is, oe how to measure it. 

One very Important subset of urban environmental quality problems relates to 

the "iscard" of society's leftevers-non-useful outputs or no longer useful 

eutputas-inte one or more of the environmental media, i.e., atmosphere, wter 

bodies (surface and ground), land. This sector is termed the residuals-end-iren 

mental qulity sector; it is depicted in Figure 1. It is this sector which is the 

focus of this report, and it is this sector which is meant when the term urban 

environmental quality management" (UEQM) is used. 

Somue Definitions 

Residual 

No pro4dction or use activity transforms 100%of the material and energy 

inputs into products, services, utility. There is always something. leftever, 

termed a Onenproduct output" (NPO). No matter how efficient seciety becomes, 

there will be leftover liquid, gaseous, solid meterials and energy requiring 
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Figure 1. The Residuals- aviremental Quality Sector of 

nlWiretMiental Quality Manag4emen 
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disposal. 

Traditienally these NPOs ha u been termed *wastes. Kowever, many #f the NPO 

streom contain materials and/or energy of value. Thus, an NPO become a residual 

only when the coast w cllecting, transporting, and processing the NPO to obtain 

desired material(s) or energy is greater than the value of the material(s) and/or 

energy ebtained. Not that this is an econoic deflnitions hence it is time demn

dent. That is, the vlUne of the M dWpends an the relative costs of other mater

ials wmich can be used instead of the UPO, as inpits into ether preduatic activi

ties. These caste in tuzn depend on the level of technology at the point in time, 

and on varinra gevernuent peli-ies which affect the prices of raw materialse 

Technology and policies often change ever time; hence a residual may become a 

valuable raw material, or the reverse. 

NRPOs have also been termed "pollutants", because of the implicit assumption 

that the discharge of these NP0s into environmental media would have adverse effects 

en ambient envirenmental quality (AEQ), and hence en usirs of the environmentg 

Because not all discharges result in adverse effects-in se cases the effects 

are actually positive---tke neutr;l term "residual" is used. 

The discharge of a residual does not occur until the residual creases the 

boundary of the site of an activity, factry or farm, e.g., in or from a pipe or 

stack, via overland runoff or seepage into groudtater, by truck or rail car. The 

residual may or my not b . modified before discharge into the onvfrement or trans

port from the activity site. 

There are bo basic types of residuals, material and enerw0 There are three 

forms of maicrial resiftals, namely, liquid, gaseous, and slid. Energy residuals 

are exeplified by heat and noise. Table 1 lists see sources and types ef NPOs 

and residuals. Figare 2 illustrates the basic categories of sources of NPOa and 

residuals in society. 

Tbe driving force in the generation of residuals is final demmd, ice., the 



Table 1. Partial List of ltsiduals Generated in Society, fxcluding spills 

Mining_ overburden, tailings, leacblrte, surface runoff, wind entrainbd particles 

A icultural operations, eropv aediment, pesticides, and nutrients in runoff, 
nitrogenou material and pesticides in leachate to ground waters wind-blown 
sediment, win transported pesticides, volatilised pesticides, pestiolde and 
fertilizer coniners 

Sil ticral wrtonst suspended sediment and pesticides in surface runoff# 
vine rzvpoted pestic ides, slash 

Transportations 00, , NCx, particulbte., particles from tires deposited on 
ground surface, oil, liquids discharged ft)m boats, salt/sand from snow 
eremovalo, tires, ussd oil, batteries, obsolete vehicles 

Residential: white goods; bulky materials, septage, food wastes, yard wastes, 
l1.(cans, wrap), steel cans, glass, plastic (containers, wrao, trays, utensils), 
household batteries, UN, UCC, UMOP, junk mail, liquid residuals, CO,0 N ,O32 
TSP, ash (drpening on fuel Qad heating system) 

nergy generation CO, NOx, SO 20 TSP, ash (fly, bottom, scrubber sludge), water 
treatment chemicals, suspended solids, boiler and cooling pystem blowdown 

Manufacturing: "priority pollutants% (liquid), BT%, TSS, food wa stes, yard 
wates, metals, UCC M, glass, Al variouswood, U M4, platic., cans, solid 
wastes pecullir to manufacturing process/prodfct cobinations, e.g., carpet 
trimmings, cuttings from sheeting in manufacturq of mobile homes, gaseous 
residuals from hesting/aircditioning/process steam/electricity generation, 
water treatment sluig?, wa3tewater treatment sludge, scrubber sludge 

Commercialt food wastes, yard wastes, glass, plastic, Al cans, UCC, U)0P, UN, 
F -j s, gaseous residuals from heating/airconditioning, liquid residuals 
such as BC[5, TSS 

Tnatitutionali same as ccmercial plus those peculiar to activities, e'g., 
En? ious wastes from hospitals/ni isng homes, low :L- al radioactivt materials 
from hospitals/research labs 

M street sweepings, sediment frcadabris basins, dead animals, grass 
Clippings/brush and tre trimming from public perks/@treet/publie building areas, 
water treatment sludge, wastewater treatmnt sludge, saeptage 

Coastruction ieood (lumber * tree segments), brickas, dirt, stips, fixtures, 
tfi-sTtic, food wastes aud food containers 



Fig=@e 2. Sour-ces of NPOs and ReSI ls in Soiety
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total sm of goods and services dsmanded by society. These goods and serviceu can 

be charactorized as: 

user ae-e.g., transistor radios, cletkes;sutembiles, feed,
intermdiate. Zpa -.. p,stel, eboadcals, lmber;
 

producer goed, e., buildings, machineryj and
 
e.g., light, heat, hair cute, retail stores, legal docmeateserrices 

and mearanda prepared by gevernment officials.prepared by lawyers 

tern "user g.odn't rather than the traditional wcensumr goods".Note the use of the 

years economists lead societies astray with the terms "cosuumption"Fer several mnidred 

and %onmupti m g*WsK", Implying used up/disappear/ge away, In realitr there is no 

"away 4 ; goods only provide service or utility or satisfaction for a shorter or lerer 

Siuier or later a car, suit of clotbes, even a building, no longerperiod of time. 

provides tha desired service, and it is wdiscarded". fut its mass does not dig

ear; the same quantity of material which went into the predt essentially is 

still in existence and must be disposed of in same manner. The liof ceservation 

of mass and energy has net been everthrwn, in any society. This faamnutal fact 

indicates the magnitude of the residuals problem in _ society, namely: the total 
in any year 

weight of residuals to be handled/is equal to the total weight of material inputs 

to production and use activities plus the weight of air withdrawn from the atmosphere 

for use minus the accumulation of materials in capital goods, such as buildings. 

Disposition of XPOs 

There are only two basic methods of disposing of NPOs: (1) discharge to the 

envirenmnt, modified or unmedified; and (2) processing to recover material(s) 

and/or energy for use. Prteessing requires material and energy inputs and 

produces residuals as well as desired materials/enorgy. Various terms are applied 

to te poeslb'Le types of. processing; no consenuus exists with respect to a single 

set of terms.
 

Materials and/ar energy recov=er refers to recovery and use in the same 

activity. In many, if not most, manufacturin- activities, it is econeIally neoessary 
to recover and use substantial portions of the n"nredut materials and energy formed 
in producing the given product mix, e.g., recovery of chemicals and fiker in pulp and 

paper preductien. Analogous materials and energy recovery is essential in many non
manufacturing activities as well. The extent to which materials and/ar energy recovery 
is praeticed at any point in time in an activity is a function of the costs of mter
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ials/ciergy recovereJ relative to cesta of new (makrtzi) uatrials/energy. The 
l,tter &-o usually purchased in the markot, or from another segment of the plant 
or another plant of the firm, at a price which may or may not be close to th 
open market price. The cost of now and recovered materials ind energy is a 
fanction of: tbh- technology af basic productisna the technology of mterials and 
energy recovery, e.g., technology of heat exchangers 2or energy recovery; the 
technology of production of "new" matErial and en.eriy inputs; prices of other factor 
inruts, such as water and land and various government policies such as depletion 
allewgn , severance taxes, freight rates, tariffs. Tradeffs are possible between 
the design of production technology to increase the physical efficiency of production, 
i.e., reduce the formatian of nwiprodut outputs, and uti.i ation of materials and 
exergy recovery technolegy. In designing a plant, the &bjective is to optimize 
the ceaninatien of 'bsic productiqu technology plus mRterials/enorgy recovery. 

[Neot~ Miterials and energy recevery can also take place in serivce and usa activities.] 

Mreduct ureductic, refers tenoreduat materials and energy which are used 
as inputs ineWanther(different) production aativity, at the same location as, or 
at a different ecation than, the production activity which generated tho original 
NPOs. Tbyproduct production is exemplified by the use of temate pulp from the canning 
of tvteeas and temate juice in tae production of pet faed and the use of peach pits 
from canning *. peaches to make charcoal briquttes, 

Tn terms of profit maximition for an individual plant/activity (assuming 

profit mazimization is the objective), for factor prices facc'. by, and the product 

mix/product characteristics of the plant at a point in time, materials/energy recovery 

and/or byproduct production are undertaken only to the level where the mrginal value 

of he recovered material or energy equaln the marginal cost of recovery. Because 

both the value of the recovered mterial or energy and the cost of recovery often 

change evr time,, the extent of recorv.7 and byproduct production, and therefore 

the extent of residuals generation, are likely to vary aver t ime 

Reclamation or re source recovery refers to the situation where an NPO is trans
ported frum where it was generated to another location in order to be processed to 
obtain a desired materfal for use in soes troduction Activity. That is, a desired 
material--such as lead in batteries, stool in obsolete vehicles, copper in used 
coeer wre--is processed to obtain the lead, steel, capp.r for use as raw mater
ials. Or, an NPO is processed to produce a fuel for use in steam or electric enoergy 
generation, e.g., refuse derived fuel (RDF). Or, an NPO is processed to produce 
coep5. Traditienaly, the outputs from processing NPOs were termed, "secondary 
materials3 and the activities producing them were referred to as secondary materials 
operations (firms, plants). This was to distinguish the materials from "virgin" 
materials, i.e., those extracted directly from nature. By the mid-1980s in the U.S., 
the term ureseurce recovery" had become popular, although the processes and principles 
and objectives were the same as with reclamation. 

Figure 3 shows the definitions of materials/energy recovery, byproduct production, 

and residua s generation. Figure 4 illustrates in addition reoource recovery/rclamation 
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of Solid Residuals in Society, Showing
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Two Very Basic Facts 

Why Pollution 

Traditionally it was considered in all economies that the production of goods 

and services requirmd some combination of labor (L), raw materials including 

land (RM), and capital (C). Unfortunately, one essential factor input into pro

in this formulation, namely, the environmental resources (ES)duction is missing 


required, both as laputs-such as air used in combustion processes and water
 

in rivers for production of fish--nd as depositories for residuals. Because,
 

as noted above, no production or use process trznsforms 100% of inputs into
 

desired outputs, the disposal services of the ervironmnt media-are always required.
 

The same is true for human beings and the residuals they personally generate.
 

because no prices were set on the environmental services, whether inputs to 

activities or repositories for discharges of residuals, the rationale manager/ 

useentreprneur selected that combination of L, RH, C, and ES which maximized the 

of the laast expensive factor, ES. Consequently, more of ES was used than would 

have been used if the environmental services had been priced to reflect the social 

costa of their use, i.e., adverse impacts on other users of the ervironment, or at 

least priced to reflect the value of the ES to the activity. This fact is the 

rvot of the urban environmental quality problem. 

Interrelationships amng Residuals 

The other basic fact which merits emphasis is one which has often been overlooked. 

Thit is, (a) one form of material residual can be transformed into another, either 

within the ge.ersting activity or subsequently after discharge to the envirorment; 

and (b) additimnal material and energy residftis are generated and discharged in 

the process 4f modifying an originally generated residuals stream. In addition, 

material residuals can be "tradcd off" for energy residuals and the reverse. 

Figure 5 illustrates these interrelationships. The mix of residmis generated 

and discharged to the envirenwntal media is a function of the nature of the production 
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Figure 5. Interrelationships among Forms of aterial Residuals 

LHPUTS, --- PRODUCTION AND 

ACTIVITIES 

USE ! 

L 

RCIASURFA"E 

DIRECT 

PRIMARY 
W-RESIDUALS 

LAND 

GROUOUATER 

WATER 

ATMOSPHERE 

Recyce 

SOLIDS 

RESIDUALS 
Inputs 

ecycLe 

LIXI rusGASEUS 

Recycle RESUALS 
r uts 

OL 
I 

Land 
Treatment/ 

Disposal 

-I 

Lan TratmentDeousa 

Land Treatment/DisposaL 

,,,, Ocean Durrvirv, 

ID(Vol at!~ zat Q) 

Depsiin 

I: / 

I s 

U., %.,rk 
! I 

(Voatilization) 

(Deposition) 

" / 

ATMOSPHEREe 

Residut 

Irrigation 
U(Leac ing) .Il 

Stance, Bower., et al, (198T)
 



12
 

Sabsequent toresiduals modification before discharge.vrocess and the extent of 

can move from one environmental medium to another, e.g.,discharge, a residual 

land to water courses or the atmoephere, atmosphere to land or water, as shown in 

the figure. 

a sewageThis *transformation" is what occurs in a *treatment plant", e.g., 

trestment plant or an electostatic precipitator. Materials and energy are added 

from a waste stream. The rationalein order to remove one or more undesired materials 

is that the removal (transfer= tion) will yield amiif which will havedischarges 

fewer adverse results than the discharge of the original material(s). But note that 

to theenergy residuals dischargedthe treatment adds to the total material and 

environment. Only by reducing the quantity of residuals generated in the first place, 

will the lead on the environment be decreased. 

To illustrate the interrelationships, consider a power plant using coe3 as the 

fuel for generating electrical energy. The particulates formed in combustion can be 

discharged to the atmosphere in the gas stream, i.e., as a gaseous residual. If 

there are constraints on such discharge a wet scrubber could be installed to wash the 

particulates aout of the gas stream, thereby transforming the gaseous residual into 

liquid residual, i.e., suspended solids, which then could be discharged to ana 

soadjacent river. (To operate the scrubber requires energy, that the net output 

of the power plant is reduced.] Increasing suspended sediment discharge may affect 

fish adversely. To prevent such adverse effects, a settling basin could be installed 

to remove most of the suspended solids in the scrubber effluent, thereby yielding 

a semi-ialid residual for "ultimate" disposal on land. 

Heat is a typical energy residual. Again using the power plant as an example, 

about two kilowatt hours equivalent heat are gener'ited for every kilowatt hour of 

desired energy (the "product") produced. This residual heat must be dissipated in 

some manner. Often this is done by discharge to the environment, i.e., to water course, 
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as in once-through cooling. When there are adverse effects from such discharge,
 

a typical response is to install a cooling tower, which results in discharge of 

the heat residual to the atmosphere instead of to the water. Such discharge in 

turn may have adverse effects, such as increased fog in the area, icing in winter,
 

and increased precipitation in the immediate area. In addition, operation of the
 

cooling tower generally recqires energy, again resulting in reduction in net output. 

A tradeoff between energy residuals and material residuals is exemplified by 

restrictions imposed upo .aircraft to reduce impacts of noise residua1s. One
 

procedure is to prescribe modified takeoff and laving patterns. Such patterns 

can reduce impacts of aircraft noise, 2nd even reduce the quantity of noise 

generated. However, the result typically is to increase the quantities of gaseous
 

residuals generated. 

A critical imlication stemming from the above is that different residuals 

modification methods and systems may pose significantly different hazards to humans 

and other species, because of the different pathways of exposure. A mull amount of 

an undesired substance, e.g., lead, discharged to the atmosphere may have greater, 

lesser, or the same adverse effects as the same amount discharged to surface water
 

or onto the land, from where plant uptake may mew it into the food chain. Simply 

separating an undesirable material, e.g., leadp cadmium, dioxin, from a residuals 

stream does NOT solve the problem; the separated material still requires disposale
 

Heavy metals in residuals streams are net destroyed in arq pr.,essing, recyclipg, 

reclamation activity. Depending on the characteristics of the modified residual,
 

e.g., as sludge, ash, compost, and the environmental medium, e.g., soil, water, 

the heavy metals may became more or less available to various species. 

URBAN ENVoINENTAL QUALITY MANAGEMENT (UEQM) 

Tatroduction 

At the 3utset, four- points should be stressed* One, the context of UEQM in 

regional (and national) economic development. EQM is a derivative secter, an are 

water, energy, and sanitation secters. roccasioeally the energy sector will be 
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is 

a development sector, e.g., where there/a large hydreelectric potential the development 

of which could attract energy-itensive industrial eperatiens*] That is, EQM is 

driven by demands from population and economic activities in: (a) major urban areas; 

rural areas with many mall villages. The basic(b) in market towns; and (c) in 

problem is hew to incorporate EQM in economic develepment decisieis, as discussed 

in detail in Hufeschmdt, et al. (1983)o and explicitly in the managevnt ef urban 

areaso 

Tweoske orientation of -Mis report is GIFRADt generating information for resource 

allocation decisions. That is, the operational concern is how to produce relevant 

inforratieo for urban decision-makers in terms of alternative combinations of levels 

of AEQ and strategies to achieve these levels in the I real wwrld% 

Throe, the focus of this report is on urban/metropolitan areas, which typically 

are defined in terms of manage=nt jurisdiction/autherity by beurdaries ef govermmnts 

of general jurisdiction* These boundaries rarely eoincide with the boudaries of 

resource -aiagemant areas, such as watursheds and airsheds. Nor do they coincide 

with either demand areas or effects areas. Demands in relation to UQM are derived 

from areas peripheral to the defined urban area, and from areas far beyond in terms 

of priducts and servIces produced by tim urban area which are demanded by "outsidersup 

e.c., tourists. Similrly, areas affected by activities in the urban area extend far 

beyed its boundaries, both doinstreajew ind, and upstream. Long-range trensport 

in the atm"phere carries residuals hundreds and thousands of mile! way from an 

urban area. Demands of the urban are; for fuel can hy substarial effects on 

ferect lss upstream. These relationships are very simply depicted in Figure 6. 

Four, the nature, extent, se'erity of environmental quality problem in urba 
and levels 

areas are a function oft spatial pattern of activities; mix/of activities; geographic 

location, eog., coastal, valley, upland; mateorelogicl conditions; hydrologis 

conditions; demands for goods and services; an gevernmental actions/nonactienso 

These factory are incerporated in the conceptual framework and ceputational
 

framewrkec=b* in the next two sections. 



Figure 6. Simplified Representation of Imtcezlatiamhla betwwu 
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Conceptal Framework 

framawork of an urban environmental quality mam gement
Figure 7 shows a conceptual 

system. The Vfftem is "driveng by final demand of society, i.e., the goods and services 

heusebod s---are residuals generatorsretail operations, universities, 

desired. This in turn drives the satial pattern and levels of production and uses 

e.g., houaeh*2d, activities. These activities---mining, farming, steel manufacturingg 

the and hence 

are oftenthe demaders for and users ef environmental services. (These activities 

given the often adverse effects en these activities=Jer demanders of imreved AZQ, 

both *polluters* and the "polluted".]of degraded AEQ. They are 

actirties may discharge their residuals unmodified into the environment. OrThe 

they undertake various types of modification measures, individually or cllectively, 

spati al patterns of discharges enter the envirenentalbefore discharging. The time and 

media, in which tkay are transported, often transformed, deposited, the result being 

changes in the time and spatial pattern of AEQ, as measured by various AEQ indicaters, 

e.g., chemical, physical, biological. The shert-run and leng-run changes in AEQ 

affect various receptors, including humans, plants, animals, materials. The effects 

on receptors are a function of exposure, which in turn is a function of mobilityp 

and of any protective measures, e.g., intakA water treatment, imposed between the 

envirenmert and the receptors. 

The other components of the system represent the institutional response mechanisms 

of a society. If the environmental quality problea are considered to be sufficiently 

adverse, various parties at interest are likely to try te stimulate action to improve 

AEQ. Through the interaction of formal and informal power structures of a society, 

decisions will be made and an urban environmental quality mamgement strategy will 

be selected. That strategy may in fact be to do nothing to affect the present 

patterns ef, and trends of, ambient environmental quality* Or it may be to appoint 

a commission to do some studies and undertake research* Or, the strategy sel cted 

may involve physical measures, implementation incentives, institutional arrangements 

which Induce actions to improve the sitution at various points in the system 
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Figura 7. Onceptual Framorork of an Uh i Eniwirmmntal Quality Hmnagemcnt Syatem 
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Ceaiutational Framework 

In order to generate information for decisions, a coeceptual framework must 
enable 

be translated into a ceonptational frarmework, one which will/nalyzing the ou*enents 

of the system and the system for different values of the parameters and the decision 

variables. A computational framework then is a set of linked models/analyses, 

either formally linked by some algorithm, or linked in the sense that the output 

of one analysis or the outputs eZ several analysea boceme inputs into another 

analysis. A ceuputatiunal framework is analogous to a CPM or PERT diagram, either 

representing a set of connected analyses er activities to produce an output in 

seme specified time* 

Figure 8 shoews the computational framework for analysis for urban enviremental 

quality mnagement, in terms of a set of steps or segments of the analysis. Carrying 

out the various segments requires analytical techniques frou economics, engineering 

(technology), ecology, and institutions (including public administration, sec elegy/ 

anthropology, and political science). The major problem in analysis for UEQM is 

finding staff capability to integrate the various disciplines. For exampe, 

segment 2 involves economics in the analysis of damnds, demography in the analysis 

ef pepulation/heusehold s, engine ering/technilogy in relation to factors affecting 

location decisions. Segment 3 involves particularly economkc s and technology. 

Segment 4 involves ecelogy, hydrelegy, geomor)hol.gy, hydraulics, meteorology. 

Subsequent sections contain discussions of see of the segments of analysis, 

with major emphases on; segment 3, analyzing activities; segment 4, analyzing natural 

systems; and segment 6, fermulating and analyzing strategies* 

6t'k.iu U? 'hE ANALYSIS .(SUTA) 

In all situatiors involving UEQM, therr will be a finite period of time in which, 

and a finite amount vf resources with whichp, to develop the relevant informatiou for 

the resource allocation decisions. [Reseurce allocation decisions include not only 

capital investment, but also operation, maintenance, replacement, and administrative coal 

http:geomor)hol.gy


Figure 8. Cuputational Froatwork 
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Therefore, setting up the analysis is a very critical part of the analysis task. 

The fundamental premises herein with respect to the analysis aret (1) that 

the analysis will be quantitative; and (2) that the analysis will result in 

alternative UEM strategies, frnm which the decisien-makers can choose where each 

strategy shows the costs and consequences of the components of the strategy. SUTA 

is comprised of two basic parts. The first is the selection of vanalysis conditional 

The second is the selection of the analytical approaches/techniques to be used for 

each 	of the segments of the analysis. The three basic outputs of TA are these 

two, 	 plus the allocation of available analytical resources to the various segments incind 

ing preparation of the final report, ever the time period available. 

Analysis conditions include, at least, the fellewing: 

o 	 Specific questions to be answered, e.g., what segments of the popu
lation are most severely affected by adverse AEQ conditiensi which 
sources of discharges of which materials are more important; 

o 	 The-priorities among the questions; 
o 	 Base year and future time horizons to be anazlyzed; 
o 	 Regional and sbregional boundaries for.demand areas and effects areasy 

'"* 	 Identification of X-boundary flows of residuals, in and out, n a 
preliminary basis; 

o 	 Niseount rate or rates tobe used in the analyses; 
o 	 Criteria for evaluating strategies; 
o 	 Formats for presentation of the results of the analyses; 
o 	 Scenarios to be analyzed and hew those are to be definedi and 
o Mteorologic and hydrologic conditions to be analysed. 

These analysis conditions drive the selection of analytical approaches to be 

used, along with the available analytical resources. That is, even if it is desired 

to answr soe questions at a level of detail which would reqaire a specific type of 

analysis, this may be imossible because there are insufficient resources to do the 

analysis at that level. For example, there may be a single major source of d ischargeu 

in the region, for which one would likw to do a detailed, unitprocess/unit operations 

analysis, as described in a subsequent section. However, the resources available 

enable only doing a "black bex", i.e., aggregate, analysis. The criteria for 

evluation affect the choice of analytical apnroaches. For example, if the decision 

takers are interested in the effects on different socioeconomic groups in the ront 

then the analytical approach selected must be able to generate information by group. 
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A detailed discussion of setting up the analysis is in Bower, ot al. (1987).
 

Figure 9 is 2 flew chart of SITAo
 

ESTL4ATTIG LEEL-3 AND SPATIAL PATTRPN 0F. ACT!IT-TS
 

For the present, or base year or base period, and for eadh tJ~c horizon 
 selected, 

estimates mutt be made of population by hwr3ehold type, leveli of activities in 

terms of erni*yment or physic3l u-nits of output, and the locations of both. This
 

must be 
 done, no matter how crudi the estimates and inaccurate the results° An host 

of facters affects trends in popultion and econonic activities. As one U.S. Bureau 

of Census demographer said, in connection with the Bureau's 1989 	proJections of 

U.S. 	 future population, 10e will be wrong, I guarantee you" (Berke, 1989).
 

Nevertheless, the only basis for estimating effects of urban activities 
on A!Q
 

is a charcterizatin of 
 the levels and spatial locatisn of these activities. The
 

analysis can start with a 
 national 5-year plan, accompanied by some estimte of 

the regional disaggregation of the activities in the 5-year plan. Sophisticated 

formal models exist, beginning with national econometric models and linking these 

to regional disaggregition mdels, as indicated in Figure 100 However, in most 

develsping countries that level of sophistication may well not produce any more 

accurate estimates than extrapoe2atio n of trends modified hy judgment of knowledgeable 

individuals." Probably the key factors in making estimates of futare conditions are 

estimates of changing---eften deteriorating-productivity in agriculture and 

forestry and e-timates of trends in a few key industrial, mining, tourist sectors. 

A detailed discussion of various methods for proecting/estimating levels of 

activitlei in tho future is previded by Dossani (1987). 

ANALi Z m AcTv IT IES 

Analyzing activities is critical for the development and for the implementation 

of strategies for urban environmental quality management. (1) One needs to understand 

the factors which affect residuals germ ration and discharge, so that incentive systems 

can be develoepd to induce reductions in discharge, (2) One needs to understand 



F22
 

Flow Chart of Setting Up the Analysis (SUTA)
Figure 9. 
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in order to be able to estimate the co'sts of reduction under variousthe factors 

sets of conditionsp and hence to be able to check the claims of very high costs 

made by many activities, (3) One needs to be able tea nalyze the various activities 

in order to d,?te.-ne what the relative iortance of sources is with respect to 

different resduals, e.g., industrial vs, residential with respect to discharges 

from fuel cobustion, industrial vs. storm runoff in urben area with respect to 

suspended sediment dischargeso Relative importance of sources combined with segments 

of population and other receptors most adversely affected are major determinants of 

an UEQM strategy. The purpose of this section is to convey some ideas about, provide 

some perspective on, analyzing activities 

Some Characteri& ics of Activities 

An activity is defined as a decision unit which consists of a set of one or 

more unit precesses and .perations, as illustrated for a vegetable cannery in Figure 

11 and an iron and steel mill in Figure 120 A farm, a mining operation, a restaurant, 

an office building, a managemimt unit of a national forest, a motor vehicle, each is 

an activity, and each generates some mix of re3idu2ls according to some tLme pattern. 

Often the activity involves several inter-process and inter
operation transpoit operations, such as by flume, pipeline, conveyor belt
 
in manufacturing activities. These in turn may involve valves, junctions, 
flow dividers. Residuals generation and/or rejidaals discharge may occur
 
in relation to the unit process or unit oI.eration, or in relation to the
 
transport oDeration. Leaks of gases from valves and solid material blown 
from a conveyor be2: axe examples of the latter.
 

It also should be pointed out that the term "point source" -
often termed concentrated and/or stationary source -- is misleading. An
 
integrated steel mill, an integrated pulp and paper mill, a petroleum re
finery, an open pit mine, a metallurgical plant, each represents a set of
 
unit processs and unit operations occupying a given site, which site often
 

-_
Is se-r- hundred hectares in size. The steel mill, the pulp and paper 
mill, the refinery, the metallurgical plant always will have multiple stacks. 
for dischar *n gaseous residuals. Further, although an open pit mine is
 
usually considered a stationary source, probably the primary activity generat
ing residuals in an open pit mine is the transport activity, e.g., trucks 
hauling ore out of the mine to the processing plant.
 



Raw 


product 


legetablea 

fIe d I-d. 


field 


LA -

SR -

Notes: 
.
 

2. 


3. 


4. 


5. 

Figure 11, Simpliflied FL*w Diagram of Vegetable Canning 
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Thus, the ter "SOURCE" applied to "point" or "stationary" sources 
is used ambigously, to refer to different phenomena. A pe-roleum refinerj 
as a wfhole is referred to as a "source" of residuals discharges; "devices" 
with'-. t> refinery -- such as valves -- are also referred to as "sources";
and each iisctax. stack in the refinery is referred to as a "source". In 
sum, there often are mulltirle "orgins" of residuals generation in an acti
vity and rmuItiple "location' of residuals iischarges from an activity. 

Some of the origins and locations may be :L-'ntical. Figure 13 illustrst4W 
the multiplicity of origins and locations for an actual metallurgical plant, 
Fir example, gaseous residuals are generated: in the electrolytic processes; 
at the steck piles of raw materials; from conveyer belts; in byproduct sul
phuric acid productiono 

It is pa-ticu-larly important to understand the multiple sources of especially 

ga seous discharges in an industrial facility, Table 2 shows the source of hydro

carbon discharges in a very small petroleum refinary, 46,000 barrels per day crude 

throughputo The sources above the wavy line represent either stacks or tanks for 

which it is possibLe to measure directly or to e stimate discharges. The sources 

below the wavy .ine, which total about 32,000, represent non-stack sources for whic 

direct measurement is not possibleo These sources represent about one-quarter of tb 

total estimated discharges0 Thus, even if one could reduce discharges from the stac 

and tank sources to a very low level, the refinery would still be discharging sub

stantial amounts .f hydrocarbons.
 

Variability in Residuals Generation
 
and Discharge
 

Short-run 'variability, 

Rarely, if ever, is there an activity in which residuals 

generation--per unit generation and total generation--is con

stant over time, in the short-run. In residences there are 

diurnal, weekly, seasonal fluctuations in -- siduals generation 

representir diiferent activities at different times of day, 

week, and season. Similar short-run fluctuations in residuals 

generation occur in commercial, institutional, transportation, 

and agricultural activities. In manufacturing activities at 

least sx.:c types of short-run variations occur 
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Table 2, 	 Sources of Hydrocarbon Discharges in a Petroleum Refinery 
with 46,000 barrela per day Crude Throughput 

Estimated Percent of Esti. 
Annual mated Refinery 

TyDe of Source 
Number in 
Refinery 

Discharges 
tons per year 

Hydrocarbon 
Discharoes 

Process heaters and boilers 22 53.0 12.1 

Cooling towers 6 61.0 13.9 
Storage tanks (total) 85 164.0 37.4 

150-foot diameter 2 

110- to 120 foct diameter 7 

86- to 90-foot diameter 8 

60-foot diameter 14 

30- to 48-foot diameter 24 

10- to 22-foot diameter 30 
Water/oil separators 3 14.0 3.2 
Gasoline Loading Ter inal 1 20.0 4.6 
Valves (total) 8,000 30.2 6.9 

Gas 500 5.3 1.2 

Heavy liquids 6,000 17.1 3.9 

Light liquids 1,500 .8 1.8 
Flanges 24,000 2.8 0.6 

Pumps (total) 450 76.1 17.3 

Light liquids 50 2.7 0.6 
Heavy liquids 400 73.4 16.7 

Process drains 50 14.3 3.3 

Flares/i nci nerators 3 3.2 0.7 

32,620 438.6 100 0 

Source: Ginbarg and Schaumburg (1979) 
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Start-up occurs at the
1. Start-up/Shut-down: 

beginning 	oi a production cycle, with shut
just prior to

down occurring at the end, 
generationclean-up. Typically, residuals 
normal
 

per unit increases above that 
of 


during these stages.
production operations 

occurs at the end of a 
2. Clean-un: Clean-up 

in a markedproauczion cycle and results 
and residuals generationincrease in flow 

this period of increased "houseduring 

keeping" activities.
 

. Upsets During ?roduction Tith To :a!. in Cper

any time inAn upset may occur at 
cycle. It is essentially a at-ons: 


7Teproduct ion 
iroms:stem imbalance resultingnroduction 

any number of causes, e.g., a contaminated 
In t he 

batch 	of product, valve left open. 

and/or product maymaterialsinterval, raw 

residuals generated and
be lost and excess 

a2_scnarged.
 

Ceases): A breakdown
4. Breakdowns (Production 

upset with cessation of productionis an a 

and/or an unscheduled clean-up. Residuals 

generation continues or increases because 

pipes, tanks, stacks must be drained or
 

vented before production can resume.
 

Accidental spills can
5. Accidental Spills: 

any zime, both during production
occur 	at 


and during down-time, from a myriad of 
residualscauses. Substantial quantities of 

often generated, and discharged, over a are 

short 	time interval. 

G. 	 Normal Production Operations: Variations dur

ing "normal" production operations can be 

subdivided into: 

daily daily operations;a. less than and 

less than seasonal production cycle
b. 

variations, reflecting changing pro

duct mix; 
c. seasonal variations. 

less than daily and daily variatiens in residuals 
Sme of 	the factors which result in 

are:
generation and discharge 
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material 
a. variation in quantity and quality of raw 

e.g., inflow of raw 	vegetables from
input, 

in canning operations, the

different sources 
of wood chips in paper manufacture;quality 

, basicconditions, e.g.variation in operatingb. 	
conductivity in steel-making changes through

of a basic oxygen furnace,
out the cycle 
changing residuals generation during the 

any given installacycle which in turn, 	 for 
removal equipment, varies

tion of particulate 
residuals discharge 	throughout the cycle,
 

since removal efficiency = f(conduct i.ity) 

"pushing" a production unit (power plant, 

paper mill) beyond design capacity for short 
hours) also .resultsperiods (30 minutes, 	 2-3 

generain significant variation in residuals 

tion:
 

in conditions of operating equipment,c. variation 
e.g., 	 the efficiency of saws and chippers in 

for paper manufacturewood chip production 
residuals generationchanges with use, so 	 that 

the sawsgradually increases 	 over time, until 

and chippers are resharpened; the effectiveness
 

a paper machine gradually de
of the felts on 


time, thereby increasing residualscreases over 
autogeneration; failure properly to maintain 

mobile engines results in increased residuals
 

generation;
 

mix in
d. variation in product mix, e.g., product 

a cannery (canned tomatoes, tomato paste,
 
hour;
tomato juice) can vary from hour to 


large paper mill with several
similarly, a 

substantial variationspaper machines can show 

as well as
in product mix within a single day, 

a single product, bothvariations of grades 	 of 
in resiresulting in significant variations 

duals generation and 	discharge.
 

some production opera-
Definite seasonal patterns exist for 

vegelarge cannery packing various fruits,
tions, e.g., in a 

onfish, where residuals generation depends
tables, soups, 

a petroleum refinery 	 producing
which raw product is 	 in season; 

where the proportion 	 of the two 
both gasoline and fuel oil, 

(winter versus summer); the skewed pro
varies with the season 

M01any activities
duction cycle of automobile assembly plants. 
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by easen, such a s agriculturalother than manufacturing exhibit major variations 

operations, logging eperations, resort ererations. Household activities also 

with respect to residuals generation andexhibit substantial variation by season 

disch2rge. 

Variatinn in residuals generation and discharge as described above stems 

from the nature of the activity and internal factors. But variation is also a 

result of meteorological conditions. For any activity involving space heating
 

and cooling, such as an household, an office building, a manufacturing plant,
 

residuals generation and residuals discharge will vary with temperature,
 

humidity, ,'ind. Similarly, where an activity involves condensing or cooling
 

processes, as in energy generation and chemical manufacturing, residuals
 

generation and discharge will vary with meteorological conditions. Residuals
 

generation and discharge from rionpoint sources, such as agricultural
 

are a direct function of meteorological
operations and urban storm runoff, 


conditions.
 

]5 TableVariation is illustrated in tables 3 and 4U..and in figures 1h and 

3A and Table 3B show the variations in production rates for an automobile assembly 

plant and an industrial dry cleaning plant, respectively. Table 4 shews the typical 

patterns of water intake for three major types of canneries, reflecting the variation 

in oerating rate throughout a year. Figure 14 shows the daily variation in suspended 

solids discharge from a wll-operated integrated pulp and paper mill. The wide 

variation shown is a result of the eoedbination of various factors cited above. 

Figure 15 shows frequencies distributions of hydrocarbon discharges from two 

similar industrial operationso 

Two ipertant implications stem from '.he Nfact of life" of varability in residuals 

generation and discharge. One, such variability makes it difficult to achieve some 

minimm level of desired AEQ IO%, or close to I00%, or even 95% or 90%, of the time. 

Two, such variability makes monitoring the performance of activities very difficult. 
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Table 3, Examples of Variation in Daily Rate of Production 

3A. One Autonbbile Assembiyl Plants 

Output Rate, Hours of Production per Day 

ar per Hour 8 9 10 

40 10 0 0 

52 10 	 30 10
 

5 0 	 20 20 

Note: 
a. 	Values in the table represent the percent of days on which the indicated
 

combination of hours of production and rate of output occurred.
 
C
 

Source: Ginberg and Shaumburg (1979)
 

3B, 	 One Industrial Dry Cleaning Plant 

Production Rate; 	 Production Rate, 
pounds 	per hour
Percent of Days pounds per day Percent of Hours 


174
10 1170 	 10 
20 13920 	 990 

40 	 116
40 900 

9320 810 	 20 

5810630
10 

Note: 	 The average production rate is 900 pounds per day and 116 pounds per
 
hour.
 

Source: Ginberg and Schaumburg (1979)
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Table 4. Monthly Distribution of Intake Water Demand, 
with no In-plant- Recirculation, by Type of Cannery 

t of Annual Water I~ta-:c Demand 

Month Type I Type II Type III 

January 0.5 1 4 
February 0.5 1 4 
.=rch 0.5 1 4 
Anril 0.5 1 8 
I-ay 0.5 1 7 
June 0.5 5 7 
July 6 10. 6 
August 35 20 is 
Septe-rber 40 25 20 
October 10 20 13 
Novembe r 4 10 7 
Decem.ber 2 5 5 

Cannery Types: I -- very seasonal; 
II -- seasonal; 

III-- mixed (both seasonal and non-seasonal 
products) 

Source- Nwer (1966) 
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IL. ~re	Daily Variation in Suspended Solids Discharge fro a 
Secondary Clarifier of Integrated Pulp and Paper Mill a , 
Percent Deviation from 20-day Average 

2CC 

50

10. 

NOV DECMAY JU?4 JUL AUG SEP OCT 

aMiUl had bleiached ground wood and bleached kraft pulping. It iae loCated 
in north central U.S. 
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Figure 15. 
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Factors Affecting Residuals 
Generation and Discharge 

factors affecting residuals 
The foellowing formulation to characterize the 

in terms of manufacturingactivity is illustrated
generation and discharge by an 

and many of the variables are, equally
a~mrach is,activities. However, the 

mining operations, households,of activities, e.g.,aonlicable to other types 

agriculturql operations.institutional operations, 

of intake water 
types of residuals generated, the quantity

The quantities and 

a fanction of: technologyof energy use are
withdrawn from all sources, the quantity 

used; product output mix; product characteristics;
ef production; raw materials 


cOs-s of materials recovery;
 
rate; siZe 8f plant; phy.ical layout of plant;oerating 


input prices;
of byproduct production; factor 
e n r gf recovery; possibilitiescst of 

residuals disposal. Different combinations
 
constraints on discharges; costa of solid 


yiell the same product mix and same 
of raw materials and production processes can 

given activity is a
The choice of combination by any

product ch4racteristicso 

and exogenous variables, Some or
affected by, both endogenousf'anction of, or is 


net under the control
 
maMy, d epending on the situation of the factors enumerated are 

of tl activity, such as market-established factor input prices.
of the manager 

in the same industry but outside the mana2ger's cempanyo
technological developments 

over time, with changing technology,
Many @f the f;acters have values which change 

Asgovernmental pelicies/rsrgams/activities,depletion of nonrenewable resources, 

a given plant, can 
a rault, rsidul- generation, water intake, energy use for 

if thr product mix and product characteristicS 
vary substintially ever time, even 

not changeo The factors are swmmarized in Figure 16o Figure 17 illustratesdo 

energy intake, and residuals generatic
the si=ltaneous determination of water intake, 

eonfusion in relation to terminology with respect to water
(Given the consideexrsb 

utilution, clarificaionl would be helpful,-elmn if a given set of terms were not
 

one set, applicable to all activities, netFigure 18 providestmiversally accepted. 
term " ater use" is used, it could 

merely to industrial activities. Note that when the 

refer to I, to 0, or to total consumptive use." 



38 

GenerationResidtil!nIry Use,Water Use,
Factors Affectingiire 16. Iry ain ActiVity 

i l a t s 
Taxesrate.:o 

Capital etc.:Taxes,Interest rates, 

Exognoustastes,credit availability 
standards,

g i c ll capital gains,atechno o
restrictlons

Investmentchangu
chae credit, rapid 

production, 

unioducNationwide 

MODIFICATION: 
~RESIDUALS 

n d r 
depchrtta 

A: ATIOU 
lactoce tEeIDUsurchMresFIC 


af iimacivg.l A
 
severa, 

t pr dc t 
Grenlerendffudhrentontt ne 

tariff, depltion alowancsnRa
 

gondstraatens 

taxssurhagtssevoradcdschrg M teral Rn gS 
hnfnlESIUetAupt te 

r s repr eetlIn put
stndnu t e 

qndnseitiees
goods 



39
 

Demand
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Figure 18. Terminology Relating to Water Utilimation 
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Analytical Approaches: 	 eime ,xa2rles 

opertional aporeaches for analyzingGiven the foregoing background, what are 

involves estimating materialsactivitieg?? 3amcallv, the analysis of any activity 

and energy balances for the actir.ty, under at least one set of "conditions"j e~g., 

factor input prices, product mi-, product characteristics, discharge limits. The 

black box- analysislevel of detail and degree of sophisticatien can vary from a "simple" 

to a complicated linear or mixed ixteger nrgr=mming analysiso The level of detail 

should be fPmction of the relative imDortance of the activity wifth ressect to the 

residuals it generates and and the relative imortance of the impacts Of its 

discharges camuared to-discharges- of other actiTitiosq plus available resources. 

Figure 19 is an example Of a "black box" analysis, i.e., one that considers 

the total plant as an aggregated activity. This is in contrast to analyses which 

develop tha materials and energy balances for each unit process and unit operation. 

The analysis for the Union Brewery was produced by some sampling, some careful use 

of vrrieum plant records, and iteration until the balances were consistent. It was done 

with individuals who had never done a materials balance analysis Previously. 

Mnufactuv of Tissue Paper 

To illustrate both how the analysis can be done and what can be learned from the 

analysis relevant to UEQM, an example of an integrated kraft paper mill producing 

tissue paper will be usedo Figure 20 is a simplified flew chart of production in 

such a mill.
 

The residuals generated in producing tissue paper are a function of: the species 

of ze; "It:e method of wood preparation, i.e., debarking and chipping; the type 

of pil-ing process; the characteristics desired in the final product, in this case 

wet strength, softness, absorbency, and color; the type of paper machinej the 

efficiency of the paper machine and the speed of operation; and the efficiency of the 

converting operatione The degree of whiteness desired is of particular importance# 

because this determines the amount of bleaching required. Bleaching is a major source 

http:actir.ty


Figure 19. Materials Balance for Beer Production in Union Brewery, 
]Ljubljana, Yugeslaria, 1972 

INPUTS .NONPRODUCT 

OUTPUTS
 
Stea. fe" eat SB
 

Ste. for Pracesa u.s lO.OOt
 
1ut BEER PRODUCTION Plastic returned to p;ltic container factory 1.2t;
 

Wod given to .. ployeee 2t
 

Water vapor 10,0ot

Water for product 563.0t 


water for cleaning vats 90.50o0t
 
Water for cleaning filters 5,220t MilnAir 2860.00
 
Water for cleaning hnttles, Hilng
 

bar el #. "cthine.rooms 782,OOOt YerMentatlon of malt CO frm b er f omentation .8 0t 
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packing 
 • '
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 2t;
 

Filter earth 30t sand. Aud. glas particles OrE
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Plastic container. ooden pallets 3.2t
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"N
g 
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Hotter 145.000 kWh law .uterial., auch as crown caps. etc.. which
 
Ho Ate 30.do 


not appear ar not Included as residuals. 

.pressedC air - 5,500.000 kWh GR - Coeous residual
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Souree: Modified from Bewer and Basta (1973) 
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OUTPUT 

Figure 20. Simplied Flew Chart for Integrated Kraft Mill Producing 

500 Tens per Day ef Tissue Paper 
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partly because it is 	 an 
of residuals generation in the preductien of paper preducts, 

energy intensive processo 

of the mill manager is to maximize profits, er to mini'niie costs 
The objective 

internal constraints exist,
output, within whatever external and 

to produce a gpecifie4 

eould bematerials-pulping technolegy-bleackiing sequence
Varieus combinations of raw 

raw material consists of 
used to prtduce a given Droduct or oreduct mix,, In this case 

and kraft (sulphate) pulping0 Major residuals 
softwood logs, with hydraulic debarking 

SO2 reduced sulrhur compounds, suspended solids 
generated include particulates, 

(organic and inorganic), sOes cOulex erganachloride cOmoUnds, and various solids. 

used to illustrate the analytical approach.
Reduction in particulate discharge is 

Table 5 shows the main sourcs of particulate generation in the integrated 

50O tens per day of tissue paper. (The output level is 	 signif
kraft ril! producin 

For each of these NPO
icant because there are significant economies of scale0 I 

is to find the least cost set of measures to 
streams of particulates, the objective 

of particulates, rememberingachieve increasingly larger reductions in discharge 

results in another residualthat the removal of a material from one waste stream 

each measure which results in modifying a "primry" residualrequiring disposal 0 Thus, 

results in one or more secondary residuals, which in turn recuire disposal and perhaps 

modification, thereby 	generating tertia-y residuals. 

the net annual costs for reducing discharges of NPO particulatesFigure 21 shows 

zero net annualfrom four of the major sources identified in Table 5. "O" indicates 

a netcoSt; any ntint above that line is a net cost; any ceint 	below the line is 


because-for two of the
profit. Positive net 	annual costs, i.e., profits, occur 

four sou cc3----ne particulate material represents valuable raw material p which-

if recovered---can be 	returned directly into the productien process0 (This is the 

materials recovery identified in the Introduction.] Note that for the recovery 

furnace, materials recevery would be carried out to abeut 95% recovery. Beyond that levi 

value of the recovered materia2the incremental cost 	of recovery would be larger than the 



Main Sources of Particulate Generation 
in an Integrated


Table M 
500 tons per Day of Tissue Paper

Hill ProducingKraft Paper 

Pounds of Particulats 
Generated Per Ton of PaperSource 

5.0
 
Recovery furnace stack 


11.7
 
Lime kiln stack 


27.6stackCombinaLion bark-fuel boiler 
0.7*
 

Slaker vent 


Smelt dissolving tank vent .1.2 

1.0
 
Fuel-fired boiler stack 


47.2
 
Total 


*Es timated
 

Source: Lof, Hearon, and Bower (1973).
 



Figure 21. 	 Net Annual Cost Functions for Reduction in Disvchayge of NPO 
Particulates Formed in Four Operations in a 500 Tens per Day 

IntEgrated Kraft Mill Producing Tissue Paper 
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i 0 _c_ 
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(Profit) (Profit) 

Recovery furnace stack , 

100 90 80 70 60 40 30 20 10 0 
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Source: lSf, Hearon, and Bower (1973) 



Figure 22. Net Annual Cost of Reduction in Discharge of NPO Particulates 

Formed in Recovery Furnace of 500 Tons per Day Tntegrated 
Kraft Mill Producing Tissue Paper 
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For the lime iln stacks about 70% of the NPO particulates would be recovered, 

For the boiler stack and the lime slakdr vent, there is no level of recovery which 

is ecsnomic, i.e., the vue of t!w recovered materials is greater than the cost of 

recovery. Therefore, na reduction in discharge would occur unless constraints are 

placed on such discharge, e.g., discharge standards/limits" It shou d be emphasized 

that the degree of recovery at a Dsint in time is a function of relative prices of 

factsr inuts and of costs of recovery, and the costs of disposal. 

These net annual discharge reduction cost functions arc develoned by specifying 

increasingly stringent discharge standards, as shown in Tgble 6, and then determining 

the least cost set of measures, including interrelationships among residuals and 

residuals mo ification measures, to meet the standards, 

Table 6. 	 Specification of Increasngly Stringent Reaiduals Discharge
Standards: Integrated Kraft Mill Producing 500 Tons 
Per Day of Tissue Paper 

Residual Level 0 I II III IV 

All vTaliig 1h~ Doind.iq 1P r ton 

SO2 No Control* 50 35 20 10 

Particulates No Control 30 8 -4 2 

Reduced sulfur compounds No Control 10 2 0.5 0.2 

Suspended solids No Control 50 20 10 5 

BOD5 No Control 60 35 20 10 

Note: Standards apply to total mill operation (ii., from al.l sources). 

*No restrictions on discharges; reflects basic production costs. 

Source: Ldf, Hearon, and Bower (1973).
 



The analyses reported above were for a "preduction corbination" involving 

100% kraft pulping, a CEHD bleaching sequence (Table 7), and output of tissue paper 

with brightness of 80-82 (General Electric Brightness, GEB), and specific specifica
ed 

tigs for absorbency, wet strength, and softness. Thp analyses yield/estimated ce9ts., 

net, for residuals management for the production combination Ti 4, shown in Table 7. 

Costs increase as the limits on discharges are increased, from Set I to Set ITI 

The effect of the degree of whiteness of the product desired is shown also in 

Table 7, by comparing production cambination Ti 31 with P.C. Ti 4. The former refe cts 

the same raw material, pulping process, and proiuct specifications except for brightness, 

which---for Ti 31-is jbeut 25, the "color" of unbleached kraft pulp. Note that 

net residuals management costs for Ti 31 are about 20% of these for Ti 4, for Level 

III. This difference reflects not only less use of env--nmental services but less 

use of ir=ut resources0 

Table 7. 	 Net Residuals Management Costs Per TL..i of Output,. Integrated
 
Kraft Mill Producing 500 Tons Per Day of Tissue Paper
 

Level of Discharge Standards
 

Costs I i III
 

P.C. Ti 4: 	 Bleached Tissue Paper
 

Gaseous residuals modification, S/ton 0.16 0.59 1.66
 
Liquid residuals modification, S/ton 3.07 4.09 6.76
 
Solid residuals disposal, S/ton 0.38 0.38 0.38
 
Total, 	S/ton 3.61 5.06 8.80
 

P.C. Ti 31: Unbleached Tissue Paper
 

Gaseous residuals modification, S/ton 0.12 0.46 0.83
 
Liquid residuals modification, $/tan 0.10 0.40 0.72
 
Solid residuals disposal, S/ton 0.33 0.33 0.33
 
Total, S/ton 0.55 1.19 
 1.88
 

Note: 	 Costs are in 1970 dollars and are based on estimates of operating 
labor, maintenance labor and supplies, power and material 
requirements, 12.5 percent annual charge on estimated capital 
investment, and are credited with chemical recoveries at typical 
market prices. Operation 350 days per year was assumed. 

The costs of any secondary solid residuals generated in liquid
 
and gaseous residuals modification (sludge) are included in the
 
liquid and gaseous residuals modification costs.
 

Source: Lof, Hearon. and Bouer (1O71)
 



Linked Activities
 

In seine cases it is net sufficient to analyze an individual activity in the 

process of trying to devise a strategy for improving urban environmental quality, 

This is because certain types of activities are inextricably linked, even though 

tey cre spatial2y separatedo This type of situation is exermlified by the use of 

coal to generate electrical energy for an urban area, 

Figure 23 shows the "coal-electric energ7 system". with alternative of surface 

and underground coal mining, and generation at a mine-;wuth plant or a lead center 

plant, The liquid, gaseous, and solid residuals generated at various points in the 

system are indicated0 Figure 2h shows the effects on various elFments of the system 

of varisus strategies de-vised to improve some aspect of A o For example., if physical 

measures are installed to rt. uce SO2 and particulate discharges from the power plant, 

Strategy 8, all of the impacts an the system are nezative (plus signs in figare). This 

is because meas'res to reduce discharges themselves require energy° Therefore, to main

tain the same energy output, more coal has to be mined, prepared, transported. For 

the same reason, all of the residuals streams are increased, except for the reduced 

S02 and particulates from the power plant0 

Agricultural/Forest Operations 

The approach to analyzing activities illustrated in the foregoing with the 

pulp and paper mill is equally arplicable to agricultural opdrations and to forest 

management operations. That is, different combinations of factor inputs can be 

applied to the agricultural land or to the forest Lind to produce different combina

tions of outputs. The decision for the manager of the agricultural operation or 

forest operation or game farm involves choosing that mix of inputs which, combined 

with the characteristics of the land and inputs from "nature" (sunlight, precipitation), 

will result in maximum sustained outputs. This is reflected in Figure 2 for agricul

tural production and Figure 2b for forest operations. 



Figure 23. Linkages among Spatially S--,rated Activities in the Use ef Coal 
to Generate Electrical MEriy: Altern tive Residuals Generatien/Mdification Sytemu 
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Effects Of Various Strtegies 
on Other Elements Of 

Figure 2L 
the 	Ceal-Blectrical Energy System
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Elements ef an Agricultural Production System
Figure 2. 
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and Bower (1988)Source: Waddell 



Figure 26. Product Mix and Residuals Generation.-i.Forest Operations 

Natural Inputs: 
Light, precipitation, 
In sects 

Water 

ManagementM 

Inputs: Human 
uve.to.=kand mechanical 

nursery stock Efcs" Wildlife' energy, chemicals, 

Effects 
.on Other 

Wood Production Activities: Outputs 
Fertilizing, spraying, thinning, 
road construction, harvesting 

Wood 
Pout Residuals: 
Sawplos, Sediment,
pulp logs, slash,pulpogs 'litter 
fuciwood.lie 

Seirce: Hufschmidt, et al. (1"83) 

Just as with power plants, petroleum refineries, pulp and paper mills, agricul

tural and forest activities generate and discharges residuals which can, and often dej 

have adverse impacts on AEQ beyond the boundaries ef the activity, downstream and 

dewnzrind. In additien, generation and discharge of residuals often affects the 

pre,!uctvity of the agricultural or forestry site itself, e.g., as detailed by 

Bull and Kugler (1990). 



Urban Storm 	Runoff 

runoff in urban areas is a major, and often the predominant---in certainStorm 

adverse effects on AEQo This is particularlyseasons--5ource of discharges having 

true in areas where hi h intensity storms are typical throughout the "wet" season, 

runoff is a function of:the imsunt 5f precipitation; the proportionThe quantity of 

of impermeable area, in the form of building tops, parking lots, streets; and the 

toographyo The quality of the runff, or the quantities of residuals carried in 

the runoff and discharged to water caurses, is/are a functian 9f: febicular traffic 

and the exha.t discharges therefrom and the particles from tires; litter; residuals 

of animals; residuals from treet markets/open markets, cooking operations; materials 

dumped from residences, commercial operations; used and leaking eil; the amount of 

bare soil exosed; materials oiled in industrial and commercial sites from which 

residuals are leachedo (This listing is meant to be suggestive, not exhaustive.] 

An important factor contributing to the increas, in the importance of urban 

storm runoff is the encraachment onte -teep lands in the periohery of urban areas. 

The elimination of vegetation substantially increases runoff, Further, in many of 

these areas not only are there no sewerage systems, but the standard on-site systems, 

e.g., septic tanks, cannot furtion properly, thereby adding more load for transport 

in the runoff, 

A wide range of "undesirablee" is found in urban storm runoff, from heavy metals 

such as cadmium, grease, oil, through pathogenic organisms and viruses. For example, 

urban areas are estimated to be one of the major sources of hydrocarbon inputs into 

coastal wters (Fain, et.al, 1988)0 The range of materials, the many factors affecting 

bv'V'" L~i . itity. and quality---as noted above--make estimating discharges from 

urban storm runoff difficult. However, because of its importance in virtually all 

urban areas, ranges in estiriates--no matter how crude--should be made, a s a basis 

for comparison with discharges from. other souress. Huber (1986) reviewed the status 

of estimating urban runofl' quality; little 1ns charged since that reviewo 



Analyzing Activities: Cencludine Cements 

Methods for Irsving AEQ 
in Urban Areas 

There are two basic classes or categories of methods for improving 

reducing discharge of residualsambient environme , tl quality: (1) to 

and (2) mekLg bettei use o?, or incieasing, the assimila
the environment; 

are two 
tive capacity of the env-ronment. With respect to the first there 

of residuals; and (b) modifying
major subclases: (a) reducing generation 


Reduction in generation can be accoclished

residuals after generation. 

by changing fin.a-l demand, i.e., the characteristics of goods and services
 

processes, and ch.ng-4Ig raw materials. (In
desired, cnaring production 

so-e iaticns these three are interrelated, i.e., a charge in product 

changes in both production process and raw material
specifications wilI enable 


after generation can be accomlished by
M.odification of residuals 

reuse in the same production process), by-productmaterials recovery (direct 

i.e., use of a residual as an input to a differentproduction (indirect reuse, 

or a different location), some times by recir
production process, at the same 


what is traditionally termed "wasteculation of water or air, and finally by 


a sewage treatment facility or an incinerator.
treatment", i.e., 

The second basic class of methods for Lproving environmental quality 

can also be subdivided into two subclasses: (a) masking 	better use of existing 

capacity. Examplesassimilative capacity; and (b) increasing assimilative 

of the former are building stacks for discharging gaseous residuals at levels 

to achieve greater dispersion; relocating outftalls to where there is greater 

of liquid residuals,assimilative capacity in streams; temporary withholding 

during periods of low strEamflow, for abbsequent discharge when streamflow, 

and hence assimilative capacity, is higher; rescheduling of actiities in 

time, such as changing the time pattern of traffic flow; and relocating acti

vities in space, i.e., changing the land use pattern, 	 to be more in accord 



with the natural assimilative capacity in an irea, such as locating indus

from residential areas. Increasing the assimilative
trial activities downwind 


capacity can be accop--lo!ished by such measur'es as the addition of water to
 

streams dur-'ng low flow periods; artificially adding oxygen to streazs, lakes,
 

and estuaries; and '-uildfi z topography with solid residuals, i.e., making
 

that all of these methods do not change the quantit-yartificial hills. Note 


The-y are based on the fact that the natural
 or type of residual discha.ged. 


envronrent has some finite capacity to assimilative residuals, although that
 

capecity is stochactic, i.e., varies randomly with time.
 

Three peint merit emoha.iao One, it is techno!ogically 3nd economically 

possible to make changes in existing plants, often at relatively small costs, or 

even at a i-*fit (cost savings), It mnst be remembered that most activities involve 

a set of unit processes and operatinso Changes can be made in one unit process 

without changing all other unit processes. (!,,put quantities will change.) For 

example a peach cannery might have three canrdnig lines, As a start in reducing 

discharges, a dry peeling operation could be instaled on one line in place ef the 

wet peeling eperation; the other lines would not need to be changed while the "pilot 

project" was operated to determine its utility. Or, the batch cooker on one line might 

be changed to a continaous cooker, 

What has been learned from responses to changes in factor tput prices, 

eogo, energy price increase in 197h, ij~itiation of sewer charges, is that many options 

are available. One does not have to buY a *new" plant, This incremental, 'rethinking" 

approach is the basis of the various Pollution Prevention Pays proams, now (1990)
(The 3M Company, no date) 

proo-ziy Ij,! major thrust in EQM, although pioneered by the 3M Company/IO-15 years 

ago, and pushed by Resources for the Future about 20 years ago (Kneese and Bower, 1968). 

Although the approach has been apnlied most commonly to manufactu.ing activities, it 

is Just as relevant to hospitals, supermarkets, univers.ities. 
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Two, in estimating the costs of imprevirg AEQ by reducing discharges, it must 

be recognized that there are TWO points of view frm which cost estimates are made. 

One is society's point of view, from which one is analyzing costs in terms of actual 

reseurce cssts to society. The other is the activity's point of view, which considers 

its actual outlays of money, i.., its cash flow requirements. These two points ef 

view rarely coincideo This is because of the varisus subsidies which typically are 

available to marrj activities, whether these are privately or publicly owned, These 

subsidies include low interest rate leans, tax breaks, depletion allewunces, direct 

grants for part of capital and/or operating costs0 Thus, the costs to the activity 

are less than the real resource costs to society, the other portion of the costs being 

borne by the rest of society (and by the activity, to the extent of its taxes). 

The result ef this dif irnce is that the activity m3y all choose an eptien 

to meet a discharge limit, which involves higher resource costs than necessary. For 

example, the least cost option to society may be a change in one unit process or an 

increase in materials recovery. An alternative is to install a "waste treatment" 

facility, at the "end-ef-the-pipe". Such a facility# in'the U.S. and many countries, 

is Likely to be -ubsidized, by one or mere of the means noted in the previous paragrp4 h, 

because the rules/regulations are written intrms of "pollution contrl", which is 

interpreted to mean eni-ef-pip@e With the subsidy, the cash flow costs to the activity 

turn out to be less than the cash flow costs of materials recovery, for which there is 

no subsidy0 

Three,tbe major problem is to try to develop the capacity in EQM agencies and in 

the management of different activities, to consider the entire range of options for 

reducing discharges. How can innovation and imagination be stimulated?? What con

flation of factors resulted in the idea, subsequently implemented, far using cooling 

towers as trickling filters, thereby reducing both heat discharges tothe water en irny" 

and tAhose of exgen demanding materials?? What stimulated the imaginasive system 

shown in Figure 27, a system which interrelates a number of activities in a given regioZ 
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Figure 27. Schmiatic of a Regional Residuals Management Cemp3. 
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Developing efficient and e ffective UEQM strategies requires much more attention to 

these types of micro and regional measures. 

ANALYZING NATURAL SYSTEMS 

Introductien 

Man's activities in an urban region act inen, and are acted uponp by the natural 

system of which the "bi~onhere" is comprised, ,n terms of the three environmental 

media: atmosphere; water bodies; lando These interactions are reflected in Figure 26o 

The function of natural systems mtdels (NSMs) is to tr3nslate the time and spatial 

pattern of residuals discrges from mn's activities into the resulting time and 

spatial pattern of ambient environmental quality (AEQ)1 0 However, it must also be 

remembered that many constituents discharged as rtsiduals from man s activities are 

also dischrged to natural systems as a result of natural processes. 

AEQ is defined by such indicators as: concentration of disseled oxygen ina 

stream) the biomass of fish per cubic meter of water in an estuary; the concentration 

os sulphur dioxide or carbon monocide in.the atmq.here over an urban area; the 

concentration of nitrates in groundotero The indicaters used to characterize AEQ 

in any given context are a function of: the relevant manrgmnt problae(s); the 

available data; and the desired levels of AEQo 

In natural systems, five bssic processes are at work: chemical; biochemical; 

physical; physicechemicsl; and ecolegical. These processes affect the movement, 

and transformation into other related forms, of material and energy in natural 

systema, thereby alterning AEQ in both space and time. 

henmical processes involve the reaction of two or more
 

compounds with each other-to form one or more different compounds. An
 

example of a chemical process in a natural system is the transformation
 

of SO2 into SO3 and eventually into H2So 4 (sulfuric acid), in the atmos

phere. Biochemical.processes differ from purely chemical processes in
 



Fiture 28. 8aheatic ef Regional Setting of Man-Envirenment Tnteractions 

yI 7 

!. 11ARE " ICN DENSITYr 


It 
I.

POE PLANT 
RnlID911TIAL 

-z H 
ZO~lILLAIGE 

SHALL FOETR 1 

SOIL Z7 IORI 


ClI(GIONDtlAT"[ AQUIIFER
 

7EDROCK
 



62
 

that 	 the transformation is the result of chemical-biological interaction. 

An example is bacterial decomposition of organic material in 
a water body
 

where the reaction takes place within a biological organism. Examples of
 

a purely physical process are 
the movement of particulate matter in the
 

atmosphere by wind currents and the do -nstream transport of suspended
 

material not subject 
to decomposition. Physicochemical processes involve
 

the chemistr., and physics of molecules 
as they interact with their sur

roundings, for example, the adsorption of organic molecules onto solid
 

sediment particles in a stream. 
Ecological processes involve interactions
 

between or among different species of organisms in the food chain and--for
 

any given organisms or group of organisms--processes such as consumption
 

by prey organisms, growth, mortality, and respiration.* (Basta and Bewer, 1982, pe 31)
 

Aroy 	 given NSM involves one process or several of tbese processes0
 

Catufories oeatural Systems Models
 

Typically, NSMs have beendeveloped 
 by specia.i3ts, eCg, hydrologists, 

biologista, ueteerologists, engineer:s ecolegis , limnelegists, in a wide range 

of settings and for a variety of purposes. Consequently, there is no consensus with 

respect to a scheme for classi~ring or categorizing NSMs. However, see classification 

scheme is essential for describing NSMs relevant to UEQM, because analysis for UEQM is 

likely to require several different NSMs, each providing information about a different 

part of the biosphere and related AEQ,. in order to answer the questions of cemerno 

Thelfillewing is an operational_ categorization of NSs. 

(1) 	 Models of residuals generation and discharge from land surface;, urban and 
nonurban; 

(2) 	 Htdals of surface receiving watersl 

(3) 	 Models of subsurface waters; 

(4) 	 Models of atmospheric systems; 

(5) 	 MWel of gremorphological processes; 

(6) 	 Models of terrestrial ecesysteaj and 

(7) 	 Models of movement of materials in food ebains. 
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Moels in the first category produce estimates of residuals generation and 

discharge from land surface as a result of the combination of man's activities 

affecting the characteristic-, of the land surface and natural agents of wind and 

precipitation. Examples are the discharge of particulate material from cropland to 

the atmesphere as a result ofwind action, and the generation and discharge into 

surface waters of ergonic material, heavy metals such as cadmium, and suspended selids 

resulting from precipitation en, and the flow of water ever, land surfaces, Models 

in the second category produce estimates of the time and spatial pattern of water 

quality in rivers, streams, lakes, estuaries, bays, reservoirs, as a result of the 

discharge of residuals into these water bodiesj including input via the atmesphere. 

[That is, one of the more recently re.cognized significant sources of discharges into 

major water bodies is deposition fr=n the atmosphere. I 

Models in the third categ'y produce estimates of the time and spatial pattern 

of quality in a ground water body as a result of discharges into the body, e.g., 

leaching of nitrates from irrigation water applicatin, leaching of chemicals from 

landfills Models in the fourth category product estimates of the time and spatial 

pattern of ambient air quality as a result of discharges into the atmesphere, including 

volatilization of certain compounds from wastewater treatment lagons. Particularly
 

important in 
 this category is spatial scale0 Most of the current operational mo els
 

for estimating air quality apply to local or regional, 
 e.g., urban area, contextso 

Models for estimating long-range transport, eog., over hundreds to a thousnd or so 

miles, are relatively new and relatively c-udec However, this is an "arena" which 

has become of major importance, with the recognition of so-called Ivacid precipit.tien" 

pr3bleris. 

Models in the fifth category produce estimates of changes in geomerphological 

processes as a result of man's activities, e.g., aggradatien/degradation in stream 

channels as a resrit of reservoir construction, change in sand deposition en coastal 

beaches as a result of construction ef':groins and breakwaters, changes in erosion 



along c.qsts as a result of removal of msngrwees. Models in the sixth category 

produce estimates of the state of a given natural system as a result of the combuixtion 

'f ndegeneuc processes at work within the system and external forces imosed on 

the system, Examples include: effects an soil structure and soil constituents of 

the combirtion of pests, application of pesticides, cultivation practices, crop 

rotation practices; effects of different forest harvesting methods, e.g., clear 

cutting, patch cutting, strip cutting, selective cutting, on wildlifea This is 

illustrted in Figure 29. 

Models in the seventh category have elements of models in (1), (2), C4), (5), 

and (6). These models &empt to trace the "fate" of comeunds in the environmenta 

as they move through the food chain, frem lower to higher trophic levels, as depicted 

in Figure 30. Particularly important in these models is the phenomenon of "biomagni

fication", in rhich the concentratien in the organisms increases with the trophic level. 

In each of the foregoing categories there is a wide range in the cemplexity 

of models available. In addition, development and use of models is occurring all the 

tine , so that the "peulation" of possible models for use in analysis for UEQM is 

eontinually changing. 

Approaches to halyzini.. Natural Systems 

At least three approaches to analyzing natural systems can be identified, These 

are: (1) what might be te med "simple averaging models"; (2) statistical models: and 

(3) conservation of mass and energy models. The first approach is exemplified by: 

(a) estimating a rate of change based on empirical observation ever some period of 

time; and (b) "bathtub" modelso Figure 31 shows the changes in channel cress-section 

of a stream in an urb3nized area, in which the degree of urbatization---measured for 

exmole by proportion of watershed or drainage area above the cross-section consisting 

of 	impermeable surface---began to increase rapidly in the late 196Os, A bathtub model 
the volume of 

is one in which/a reach of a river, a portion of an estuary, or a lake, is estimated 

and thF total quantity of a residual discharged from various sources into the volume 



FigUre 29 On-Site and Off-Site Effeccs on Natural Systems of a 
Forest Management Activity 
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Figure 30. Schematic of a Fz*d Chain Model 
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Figure 31 Change in Cress-Sectional Area of Stream Channel in 
Urban Area ever Time
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is assumed to be completely mixed in the volume. Hence, a .manconcentration for the 

volume can be estimated, admittedly a crude figure, but at least a starting point* 

Depending on the characteristics of the water body in terms of mixing process, the 
with respect to conservative materials, 

estimate may Another is by the calculationbe relativeiy accurt.,/ ±scmrnlerepresented 

of the volump of air ever and urban area, based on the area and the height to the 

inversion layer. Under inversion conditions, all of thr gaseous residuals discha ged 

into the volume are assumed to remain in the volume and become ¢mpletely mixed. A 

rvugh estimate of concentration at the end of the inversion period can then be made. 

In statistical models two types of input variables are identified: residuals 

discharge variables and environmental conditions variables. Statistical moels do 

not attempt to simulate explicitly the actual processes occurring in natural systems, 

e.g., those which transport and transform material and energy. Rather, the models 

provide est:Lmate? of the value of an output variable given values of the residuals 

discharge and envrironmental conditions variables. The procedure is, first, some AEQ 

variable of concern is selected as the "dependent" variable, e.g., suspended sediment 

concentration in a stream, SO2 oncentration (mean) in an urban area. Second, variables 

are indentified uhich are considered to affect the value of the dependent variable, 

and for which data ever some period of time are available0 Third, given a number of 

observations of values of all the variables, some statistical technique is applied 

to determine if a statistically significant relationship exists0 An example of the 

development and application of a statistical model t estimate So2 mean concentrations, 

is described in detail in Basta, et al. (1978). 

Models based an the conservation of mass and energy attempt to simulate explicitly 

A e e wlch occur in natural systems. Usually such a model divides the 

system being analyzed into a number of segments or three-dimensional cells, as is 

illustrated in Figure 32, The model, in fact a series of equations, then simulates 

(or attempts to simulate): (a) material and energy flows into each cell; (b) the 



Figure 32, Sectioning Natural Systems 
Mass and Energy Approach 

for Application of Conservation of 
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transformations, if any, which take place within the cell; and (c) the resultant
 

eutflews from the given cell into adjacent cel:ls. The conservation of mass and
 

enery ar reach is reflected in figures 33 and 34. Figure 33 is a flew diagram
 

of the eight-compartment, aquatic ecosystem model of the Delaware estuary; Figure
 

3h shows the differential equation sets for the model'
 

In any UEQM situatien, the selection of NSs to use, if any, is a critical task.
 

Table 8 summarizes the steps for 
setting up the analysis of natural systems. Table 9 

describes the various characteristics of NEYs which one must identify to provide 

a basis for comparison, both among models and with respect to resources recuired to 

use the models, 

Concluding Cem-ents
 

Three generic points with respect to analyzing natural systems merit emphasis, 

ne, ideally, a model should have been calibrated and verified before it is used. 

This pertains only to the structure of models based en conservation of mass and energy. 

That is, if a particular formulation of this type of model has been verified in at 

least two aoplications, then there is same canfidence that the structure of the model, 

that is, the specification rf interre.lationships, is reasonably valid. However, for 

any model applied to another area, there arp various ceeff.cients and constants which 

must be developed for the "new" areao Verification of statistical and bathtub models 

is relevant only for the particular locatio'. for which they are being applied. Even so, 

a statisical model relating certain residuals discar~e variables and certain environ

mental conditions variables to ambient concmntration of SO2 would at least be suggestive 

for mnothcr area. 

Two, one of the major problems in analyzing natural systems is that of estimating 

cum lative effects. Most of the models in use are steady-state models; only a few 

are dynamic, and then only for relatively short periods up to about one month. et 

discharges continue to occur, and materials--such as heavy Me.tal&.--which do not 

degrade, remain intact in the environment, accumulating in certain sinks or continuing 



Figure 33. 	 Diagram of Materials Flows among Compartments within a Single
 
Reach of the Delaware Estuary Aquatic Ecosystem Model
 

Notation: V - nitrogen 	 B - bacteria L - organic matter (as BOD)
 

P - phosphorus It- zooplankton 0 - dissolved oxygen
 

A - algae 	 F - fish 

Note: 	 The three remaining endogenous variables--heat (temperature), toxics, and 
suspended solids--are asstimed to affect the rates of material transfers 
among the ecosystem components, or "compartments". 
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Figwxe 314,, Equation Set for Eight Compartment Aquatic Ecosystem Model
 

Differential equations for each compartment, for each unit volume:
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Differential equations for endogenous variables:
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where: 	 f = feeding, e = excretion, y = precipitation, 

p = predation, T = transport, 6 = sedimentation, 

r = respiration, a = reaeration, E = toxics decay, and 

= 
d = death, a nitrification, = hc-- zxchange.
 

i = input from industrial, municipal, or tributary sources,
 

Inputs of residuals: lbs/day: BOD, N, P, Toxics, Suspended Solids
 
Btu: Heat
 

Sourcet Kelly (1975) 
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Table 80 	 Summary of Sequence of Steps for Setting up the Natural
 
Systems Analysis
 

Given: Th "questions" to be addressed by the study have been iden
tified and translated into specific information requirements to be gener
ated on AEQ, distributions of AEQ, and UEQM costs. 
 The residuals of con
cern, relevant time periods, and boundaries of the study area for which
 
information is required ha7: 
 been specified.
 

SteD i: Make a preliminary identification of the environmental media
 
and relevant characteristics thereof that are 
affected by the residuals of 
concern, e.g., by considering known transport pathways, impacts of resi
duals on relevant species, accumulation and/or degradation of residuals 
in environmental media, and a determination of the categories of natural 
systems analyses--resid,tals generation/discharge, surface receiving water,
terrestrial flow routing, subsurface flow, terrestrial ecologic, and at
mospheric ambient quality--thaL are necessary to undertake in relation to 
the questions to be answered. 

Step 2: Based on the foregoing and 
on available data on environmental
 
conditions variables, residuals discharge variables, and AEQ variables,

make a preliminary analysis in order to determine: 
 (1) if the right ques
tions have been asked; (2) if 
the important residuals have been identified;

(3) the relative importance of various point and aerial sources of resi
duals; 
(4) the potential imporcance of intermedia and interregional trans
fers; and (5) any additional characteristics of the problem which will help
 
to determine the NSM(s) to 
use.
 

Step 3: 
 Based on the results of step 2, specify the level of complex
ity desired for the natural systems analysis in terms of: (1) time inter
vals of analysis, i.e., 
hourly, daily, monthly, seasonal, mean annual;

(2) spatial aggregations, i.e., 
number of grid areas, stream reaches, lake
 
layers; (3) constituent/species aggregations to be considered, i.e., 
forms
 
of nitrogen, number of fish species; and 
(4) specific physical, chemical,
 
and biological processes to be incorporated.
 

Step 4: Determine the feasibility of carrying out the natural systems

t
analysis specified in s
ep 3, in.relation to the available analytical re

sources.
 

Ste§ 5: 
 Select the NSM or NSMs to be used based on the relevant eval
uation criteria.
 

Step 6: 
 Develop a work plan for the natural systems analysis which is
 
compatible with other segments of the VEQM analysis.
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Table 9o Iden ification and Description of Characteristics for 
Describing NSMsa 

Characteristic 
 Suoentry :escrtytan
 

7-=e Fronerties Descripton of ho temporal variations !n fla, ancior :r~nsport of rtesduJls Are representeo InA mo-del, both conceptually And coamp-.cacnA~I f :or' :tn (1) timeincluoes; varijilloty:steady state. quAst-nonsCeady sCae, and cnseacv sCate; Aro (; time units a! aPplicaCion:
 
'nr~,.~ ,,,, 4.1-1 And coputational :*.7t sic:. 

Space ?roperties ldetloCfiCdtCI. of Cap&, Llity of model :O rresent syateal variations of residuals concentrations.
Information nc!dels: (1) model dlmensional.:,' ,ne-ddoensonna, vertical plane;
horzoncal or 

or Wult!-dlmsona1. lo 
 dtn:aI laa::u l.and/or vertical 
plane () SpatIal Aggregation:
s1: And nuamber of segments. la-yers, arc vo..mes And (3) unitscsscble; tyOPLcal areal of 
app 2 cirlon. 

Phfs.CAl P:cp4::ls Idenc-ficacrcn of 
the -,vsicaI yruct~ses cns~c:ec I_ a s u nlc, ac:ount for :he transport of re iduals. i::ta 
 Oi includes: 
 t hycraulic(12 te r:nc:yal and meteorologic driving forces,!.a., tzdal Action. wind currents, anc scee0 :rre ; a n I,:) the tndlvic al pnysical processes
involved: advectlon. diffusion, dilution, =-.vect:on, heat budget-temperature .Ind, Coriolis 
acceleration forces.
 

Chemical Prjcesses Descriplon of the chemlcal Cransfor"-attons,inte:Ac.ons considered in a mooel wnicn result inchan es in concentration over 
time. 'nfor-.a:!:n ncluces: (1) basic cnemical processes: ther=ochemical quilIbrium and coupled or noncouviec c*ezical reactions; and (2) amnient quality 
IolIcAtors represented: conser-at:ve sutiances and nonconservaclve 
substances.
 

Ecologlcal Processes 
 Identification of basic biological processes :hat affect interactions betacen AZQ indicators.and the various organims represented in a model. Included 
csnirc! ents, amon 

are: (!)

blone~mlcal processes, i.e., 
pnocosvnthesls. ?esiratlon-blologlcal decay; (2)and Cropnic
dynamics, i.e., levels,trophic populat:on grouth dynamics, mortality, predator-prey interactions.
 

ltt~ lc=al Proper:tes Description of the theoretical basis for the otenactc retresentatlon In, and toe solution 
:o,0do.o y" apl ed to, a model. Inior-..ac'cn :cludes: 
 (1) theoretical aspects: deteimnistc. 

srocazsr c, And combinations; and ,2) types z! solution methodioogy: statistical. i.e.,cetressLon methods, and cther mathematIcal :A-.nciqves, i.e., analycIcally Integrated or numeri
cally integrated. 

Computatlonil SCACus Identification of status of model in relation :o manipulation 0n digItal computers. Information
 
includes: (2) wnether od~el is coded or uncoled; (2) computer language used, 
w.j. , FORP'.A; and 
(3) the various comoucer/accessory equipment :equired 
(hand calculator, analogue computer, digital
computer, includlng neidel storage canac!ty, coutlers, magnetic Capes or disks for storage). 

Input DaC XLqulrements Description of the various data required to it: up. run. calibrate, and verify a model.Generalized historicai data bases and/or site-specific data may be 
required, dependi:g upon the
 
extent of prior applications.
 

Ease o[ A'plicaclon Description of expected IffIculties in oltainint, modifying, and applying a model. Informatlon 
includes: (1) the availability of model and supportIng docu=entation from various sources; and

(2) identIficatIon of antlcipated areas dI!fcult7 inof model application.
 

Ckcput and Output Format Identification of model output vith respect to the tpes of informiatlon produced, spatial and 
temporal dlstributions possible, and the formAt in which the output is presented.
 

LIneages to Other Models Description of linkages between 
a model and other 
types of models used in RIOP' analysis and thetor.,_ of such linkages. Information provided includes link.ges other naturalto system.s models,
dam.age/btneflt models, and models of 
activities and the vays in which the linkages are structured. 

Manpower Needs Identification of types, number, and desired levels of experience of personnel required to soplya model. Requiremenc for addl!anal model development and/or malor internal modification may
differ Significantly from those for &del application. InformatIon includes: (1) position
descriptior 
 (engineer, prograumnmer, 
 systems analyst, ecologist, others); 
(2) need for specialized

crainin or capabilities; 
and (3) the related experience of interdisclplinary team iebers. 

Costs Specification of all costs involved in applying a model, from initial acquisition of the modelthrough analysis of model output. fhadel costs are a combiration of: (1) man-hour expense
requited to complete certain tasks (including data collection); (2) expense of obtaining a model
itself 
and/or aveilable user's manuals/documentatlon reports; 
and (3) direct computation costs

the application. Where possible, cost Information 

for 
is provided under the categories of model
acquisition, data preperaicon, actual computation expense, computer accessory costs, and output 

analysia. C.xplete cost informalton is not available fur most NSKs. 

Modal AMcurac. and Description of the 
overall capability of a model to represent accurately a natural systemSensitivity and tESessenrial processes. Information includes:, 
(1) the representativenesa in relation to the "real" 
systam, especially the extent of the descriaIon and simplifying assumptions; (2) numericalaccuracy--stabillty and dispersion (in numerically integrated models); and (3) sensitivity to 
Input errors or rntc coefficients, both kno.vn and estimated values. 

Ocher Comments Description of miscellaneous facto concerning a model, its history of development and modAfica
cion, and Informative observations am to its utility in XZQR Informanalysis. 
 tion includes:
(1) model limitations and restrictions; (2) special festures and options; and (3) model origina
tors or producer of current deriviclon (if modificatIon of existing model). 

aonly those characteritcics vhich are relevant for more than one category of NKsa 
are included. 

Source: Basta and Bewer (1982) 



to move in one or another of the environmental media0 

Three, an important consideration in selecting natural systems models for use 

in a nalysic for UEQ$, is the relationship among model complexity, model accuracy, 

and model cost. The degree of cmpledity s elected depends on the questions one 

is trying to answer; the costs of developing and applying the model, or of applying 

a =:del already developed; and the accuracy of an NS! relative to the accuracy of 

the residuals discharge data or the environmental conditiens data. There is no 

point in having a very sophisticated NSX if the estimates of residuals intuts to 

the N&M are no better than an order of magnitude* It is also i=ortant to recognize 

that increasing accuracy, i.eo, measured by validity of outputs, in done usually 

by increasing the number of variables e xplicitly considered/incorporated in the 

models Incremental costs increase rapidly as complexity increases, as shown in 

Figure 35, Also, additional "units" of comlexity generally result in smaller 

and smaller increment, in accuracy0 

Figure 35e 	 Relationships Among Model Complexity, Model Accuracy,
 
and Model Cost
 

U 	 U 

Model Model 
Accurazy Cost 

l Cy Cost 

Model Complexity - Increasing
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ANALYZING IMPACTS ON RECEPTORS 

The ultimate rtional for developing and implementing UEQM strategies is to 

reduce adverse impacts on receptors. Given the changes in AEQ resulting from 

applicatinn of various NSXi in a given urban region, the next step is to translate 

these changes into physical and biological effects on receptors, and subsequently 

translating those effects into monetary effects, i.e., damages under various 

situations, benefits from improving AB. 

Table 10 provides a typology of receptors. An important characteristic of 

receptors is mbility, because exposure to AEQ conditions is a function of activity 

patterns, i.e., degree of mobility. Humans typically in their daily (weekly, 

seasonal) activities move from one place to another, and back, e.g., home to work 

to heme, home to recreational area and back. Thusp individuals are exposed to 

differa-t AEQ conditions for different time periods. The suburban cemter has a 

very different exposure pattern from the center city dweller who xwy spend a large 
parking

portion of his/her time in the core of the urban area, including sidewalks and/lots 

during non-work periods. Further, humans are stressed through various pathways, as 

shown in Figure 36. 

Figure 36. Pathways of Human Exposure to Residuals 

SZN=7.1'!.N, MIBITION[ 

(such as food addiive 
cbemicals in drinking 

water, medicinesl 

RADIATION 
(such as from microwave EXPOSURE TO
 
ovens, medical and dental SOUND
 
xrays, TV sets, high volt
 
transmission lines) TOTAL
 

, ~~BODY -----
BURDEN
 

SUPSFACE MOSURE 

INHALATION (such as applicaticn 
(such as air-borne residuals of cosmetics) 
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Table 10, Typology of Receptors 

Receptors Receptors Statio.ary iobile wi:hi=fixed habit.at Robibl 

Resident fish species I 

Migratory fish species x 

Resident animal species x 

Migratory:" animal species I 

Natura. vegetation x 

Materials in structures I 

Materials in vehicles I 

Agricultural and forestry 
activities X 

Industrial and cotmercial 

activities 

All other activities X 

Residences X 

Humans X 



78
 

Individuals of various species--human, flora, fauna-respond differently to 

of physical condition, age, nutritionalthe same exposure. Respnese is a function 

level (relevant for plants and animals as well as for humans), and such behavior 

patterns for humans as sin*eInC. 1igure 37 illustrates this differential response 

pattern. (Dose is a comb'nation ef concentration and time, e.g., aggregation of 

concentra ti on-hours. I 

Figure 37. 	 Distribution of Reoponses of Various Segmts of the 

Population to Different Doses 

100
 

.C' 

,__O 

0 

C 
C-

C" 50 . Average 

_ 
Z6 Vegetction Effects / 

// 

. 0 

10 

Susceptibles 

o op 
Exposure Dose 

iritation, 	 sickness, and--in some circumstances orEffects on humans include 

In turn these are reflected in lower productivity,after lengthy expsure--mortality. 

abseteerri, medical costs, all of which represent resource costs to society. For 

yields and/or lesser quality of product$cros exposure typically results in lower 

for birds and animals, lower reproductive capacity, lesions, malformations. Yields 

of various finfish and shellfish species are reduced by lowered water quality and by 

habitat, e.g., by dumping solid residualse Figurethe covering up or filling in of 

by tarbidity concentration,
38 illustrates the type of effect of water quality, measured 

an fishe 
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Many types of municipal, cemaercial, industrial activities incur lesses because 

of reduced AEQ. Increased concentration of suspended sediment in water sources 

increases water intake treatment oests for mmicipal water systes, induktrij plants 

hotels. Water quality can deteriorate so far, that product output is no longer 

saleable, as illustrated by Figure 39. 

Figure 39. 	Relationship between Quality of Intake Water and 
Quality of Prduct. in Ganniag Green Bens 

1.0
 

Relative Level below which quality is 
quality unacceptable, ie, product 

of cannot be sold 
product 

0 
Total dissolved solids, Concentration (mg/liter)
 

in the context of developing UEQM strategies, it is useful to consider three 

types of lesses steming from impactss (1) increased costs imposed en activities, 

I-. : wmter intake treatment, increased air ntake treatment, moving ef 

wter intake, shifting of source of raw material; (2) decreased yields, as of finfish 

and shellfish species, crops, tree growth, or decreased quality of creps or fish; 

and (3) human health losses. Tit first two are reasonably amenable to quantification 

in monetary terms. For the last,, evaluation is difficult because ef the many 

variables involved. 
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Distribution of IMacts 

Who is, what groups are, affected aidversely at present by poor AEQ is, or shold 

be, a major concern in developing UEQM strategies. Therefore, at a minimum, the 

analysis should idantlfy various subgroups of the population by socieeconomic class 

and residential locatien, and attempt to estimate the AEQ conditions to which they 

are exposed threugh various media and pathways* Id.ntification by location of 

residence of course does not account for xbilityp but it does represent at least 

a "first cut" at Identifying the distribution of exposure, a s was done by Freeman (1972) 

and Zupan (1973). 

APPLICATION TO URBAN EGICNS: IMLUSTRATIONS 

Given the foregoing explication of some of the segments of analysis for UEQM, 

what remains is to illustrate the applicatin. Figure 40 shows a prototype urban 

region, "set up" for an UEQM analysis. That is, the region has been subdivided into 

various subareas by type of activity. The river has been divided into reaches for 

the analysis of water quality. A grid has been imposed on the region for the analysis 

Of air quality. However, ra+.her than proceeding to illustrate the application of the 

framework for analysis by applying it to the prototype region, short descriptiens 

of atudies of two real re:lenx, New York City region and LJublnjaa, Yugeslavia, are 

presented.
 

New York Region
 

The New York Region, a s defined by the Regional PLan Association of New Yr, 

covers 31 counties in the states of New York, New Jersey, and Coenecticuto The regionp 

and the rings into which it divided, are shown in Figure 41. In connection with the 

development of the Secnnd Regional Plan for New York Region, a study was done to try 

to show specifically the relationship between the spatial pattern of activities in a 
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Figure 40. Prototype Url.~n Regien 
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region, and AEQ4EQM strategies.
 

After having specified employment by category in each of the rings for ,ach 

of the rowth variants, sets of wastes generation conditions were specified, as showu 

in Table 12. These reflected estates of technological changes, factor input ptrce 

changes, behavior patterns governmental actions. Then, sets of wastes marngement 

conditins were wpecifiedv as shown in Table 13. The objective was to show how 

cemitions of factors affecting generation and alternative management strategies 

would affect AEQ. Given the wastes Irertiti conditions and the wastes manmgement 

conditions, various combimtions of the two were specified, and the results in terms 

of AF4 were estimated, along with wastes mamgement costs. (Note that the option of 

"recycling" paper was explicitly investigated. ] 

As hypothesiaed, all three of the variables-spatial pattern, wastes generation 

conditions, wastes managment conditiens--afftcted AEQ and UEQM costs* 

Ljubljana,, Yugeslavia** 

The study of the Ljubljana area of Yugeslavia, in terms of urban environmental 

quality management, presented substantially different conditions than the study ef the 

New York regien. For see types of needed data, tht Yugoelavian situation was much 

better than the U.S. situation, e.g., data an size of and fuel use in residences, 

types of boilers in various facilities* On the other hand, thare were essentially n6 

data on residuals generation. The area of the study is shown in Figmro 42. 

The first step was to select a base year for the analysis. 1972 was chosen, 

primarily be sed an the fact that that year Fas the latest for which basic data were 

available. (The s tudy was initiated in late 1973.] The next step s to identify 

the var4-,us activitie s in the region, and the levels of those activit.tes in 1972. 

These; are shown in Table 31 and Table 15, respe .tively. 

*ikAIl figures and tables in this section are from Basta, et al. (1978). 



Yark Region: ppiatienNewGrwth Variants for tieTable 11, 
and RmplTUent by Ring for 02000-

All values in millions 

Office Total 
Employment

RING Population Employment
VARIANT 

0.5 1.30 2.40 
MANHATTAN CBD 
 8.6 2.88REST C" CORE 5. 

7.3 0.45 2.65INNER RI' 
9.4 0.52 3.83INTE1DIATE RfNG 
4.4 0.17 1.41

OUTER R=TG 

13.1730.2 3.00TOTAL 

0.5 1.10 2.11 
MANHATTAN CBD 

7.0 0.52 2.56 
REST OF CORE 

6.0 0.38 2.25
II INNER RING 

11.5 0.75 4.53
INT ,JEDIATERIG 

5.2 0.25 1.72 
OUTER RING 

3.00 13.1730.2TOTAL 

2.72
1.50
0.7
MANHATTAN CBD 
 5.5010.0 0.70REST OF CORE 3.54
 
III INNER RING 11.0 0.50 

6.5 0.20 2.53
INTZP D!ATE RING 

0.10 o.88
Oi ER RING 2.0 

3.00 13.1730.2TOTAL 

within the region, t,,ie Variants are 
In terms of population distributionNote: 


folmios:
characterized as 

Variant I - moderately centralized
 

Variant II dispersed
 
Variant III - centralized
 

et W1. (1968)Source: Bawer, 
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Table 12. Wastes Generation Conditions, New York Region, "20000 

TYPE OF W1ASTE AND SOURCE F GEINERATION CODITION X jGENERATION CONDITION Y 

ENERGY GENERATION (E) 	 Estimated generation "M'ix" 
with related fuel use, pres- Same as for X 
ent wastes generation per 
unit of fuel 

SPACE .EATI1, 
RESIDENTIAL (r) 

Decrease in oil use by 1/3 by 
shift to gas and electric 
heating, acccznpanied by in-
crease in efficiency of 
heating 

Same as for X 

SPACE HE.TEG, 
COMERCIAL AND 
IMDUSTRIAL (Iii) No change in use of oil Same as for X 

INTERAAL COIMBUSTIO
VEHICLES (T) 

N Present pattern of vehicle 
utilization, types of vehicles, 
average vehicle-miles per 
gallon of gasoline, wastes 

Sene as for X 

generation per gallon 

MIXFD SOLID WASTES (S) lOC increase in per capita 
generation 

Present per capita 
generation 

LIQUID WASTES, 
HEAVY rIUUSTRY (Li) 

Per unit generation without 
external stimuli, i.e., in 
response to changing produc- 
tion technology and product 
mix 

Per unit generation re
flecting best practices 
under external stim"_li; 
positive changes in pro
duction technology com
pensate for adverse 
changes in product mix 

LIQUID WASTES, 
RESID1; TIAL (Lr) 

Small increase in per capita 
BOD generaticn -eflecting in-
creased affluence; larger 
increase in volume Generated 
reflecting present practices 
relating to water intake 
(See Liquid Wastes -- Residen-
tial, Management Condition 1) 

Small increase in per capita 
BOD generation reflecting 
increased affluence; no in 
crease in volume generated 
reflecting changes in 
practices relating to 
water intake (See Liquid 
Wastes -- Residential, 
4nagement Condition 2) 

GASEOUS WASTES, 
HEAVY INDUSTRY 
(EXCEPT FROM SPACE 
HEATING) (Gi) 

Present per unit quantities 
in absence of more stringent 
external stimuli than exist 
at present, I.e., considering 
changes in production tech-
nology and product mix which 

Per unit quantities reflect
ing best practices, changes 
in product mix, positive 
changes in production tech
nology, and imposition of 
external stimuli 

are likely to occur 

9ource: Bewer, et al, (1968) 
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- Table 13. Wastes Manrgemnt Cenditiwms, New York Re on, 82009' 

ENEGY
 
efficiency of particulate removal devices 95%; meanGETERATIO (E) 1 Mean annual 


50,,
 
)> 	 annual reduction of S02 (fuel and/or emission control

5 


SPACE iATING (H) 1 i None, except as reflected in fuel shift for residences 

re vehicle exhaust, i.e., 50% reduztion;(T) 1 1968 federal standardsTRA-1SPORTATION 
no change in goverrnmental policies concerning modal split 

no change in governmental2 	 901 reduction in vehicle exhaust; 
policies concerning modal split
 

SOLID WASTES (S) 1 Continuation of present distribution of disposal practices 

except no hog feeding, no open burning, and all incinerator 

emissions to meet N.Y.C. P.L. 14 dust limitations; 50% of solid 

wastes consists of paper and paper products 

a 01% of paper recycled 
b 20% of paper recycled 
c 8OYc of paper recycled 

All solid wastes incinerated in central or municipal incinerators,2 
of air
with reccended federal emission rates, i.e., O.2#/1000# 

at 50% excess air (approximately 4# of particulates per ton of 

refuse incinerated); a, of paper recycled; residue to landfill 

in region 

wastes incinerated in central or municipal incinerators,
3 	 All solid 
with recc~riended federal emission rates; 0% of paper recycled 

Residue by rai'l to landfill out of region
a 
b Residue by barge to sea 

recycled4L All incineration prohibited; 0% of paper 
of all wastes by rail to land!ill out of region

a Disposal 
b i Disposal of all wastes by barging to sea 

I1l Levels of emission control as currently proposed
GASEOUS WASTES, 
-
}EAkVY INL'DUSTRY 


(except heating) 2 90% reduction of wastes generated
 

SI average reduction of wastes generated, in on-site facilities 
j35, 

LIQUID WASTES)I, 
in on-site facilitiesreduction of wastes generated,

EEJVY INDUSTRY 2 ,85: a'c ze 

(Lj) 	 ____ T__G____c-io-Hs- __o o -,ii 

i 	 Continuation of present patern of uris To-s-ior ii- er 

supply and liquid waste disposal; continuation of 
present prac-


LIQUID ,Ag , 
tices in NYC system i.e., no additional metering, flat rate RESIDEIT'Lk, 
charges when assessed, no u e of reclaimed waste 

water except
 
C0 C -CL 

Island, no tightening up of distribution system; 355-
LIGHT .'DUS- on Long 

BOD reduction in collective facilities
TR_ 
(Lr) 2 Efficient subregional systems for waste water handling: 1001 

metering, charges by volume, tightening of system, ma-Ximu-m 
BOD 

utilization of ground water and reclaimed waste 
water; 35 

reduction in collective fauilities 

Sane as 2, except with 85% BOD reduction 
in collective facilities
 

3 
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Figure 42. The FIve-Cemrme Area of Ljubljana, Tugoslavis 
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Table 14. 	 Activity Categories and Subcategories Used in Analysis for 
Environmental Quality Management in Ljubljana Area of Yugoslavia 

LNDUSTRIAL 	 ACTIVITIES INSTITUTIONAL ACTIVITIES 

Metal processing Government
 
Electrical products Research
 

Chemical 	 Hospitals a 
Building materials Cultural institutions
 
Pulp and paper Uaiversity facilities
 

Schools other than university
Paper products 
Te-xt:ule
 
Food Products TRANSPORTATION ACTIVITIES
 

Graphics b
 
Vehicular 	travel
All other 

Services'
 

ES IDENTL4.L ACTIVITIES
 
POWER PLANT ACTIVITIES
 

Multi-flat
 
Moste plant
Single-flat 

Siska plant
 

COFM/ERCLAL 	 ACTIVITIES 
COLLECTIE RESIDUALS HANDLING
 
AND MODIF-ICATION ACTIVITIES
Restaurants 


Hotels and morels
 
Retail stores Municipal solid residuals
 

Offices collection agency
 
Tholesale stores and Municipal sewerage agency
 

Salvaging 	operations
warehouses 


a Refers to cinemas, playhouses, art galleries, museums, etc.
 

b Vehicular travel is further subdivided into seven road types in u-ban and
 

nonuraan areas.
 

c Refers to seriice stations, garages, repair shops.
 



Table 1.5, Activity Catrgries and 3dbeategertlps and 1972 Levels 
ef Activity, Five-Ceumme Area of I1jublJana, TugsL41avia 

Activity Category 

mandSubcatagory 
 L-~1 of Activlty, 19M Unit 

XDMUMAL AcTmV~s 

YSt~l prcesang 9-.382 Too of P.O. 
Uactical. paft-ts19,583

cbeaca1 99,qw 

Pul1; and raper 59, 12
 
Paper pevducts 27,171
 

Food prv.± ctA 173,01.9 
raplcs26, 579
 

AUl other 
 58,743 

RES ID~rAL AcTIylIM 

Mi.lti flat 165,756 !bktjt

Singl-flat84,230
 

COC AC.,-nE~AL 
Restaurants,." 2,577 uoye
Thktela A",w'eh 910Emlye 

Retail storva 6,759
OttIces 8,995
wixoleaale stcrt, and 12,356
 

varthouse
 

14ST-111CAL A-.'- !M 

:;cvvrmnt 3,7:94 tmploye
Reselarch 3,125 
flospitA.Ls 
 4,50
 

4.5s3 PatienteaTiluilIs~uin 

Uieraity facilitles 2,2454
Schocls ottvr t.an univera± ty *6,315 Students 

Ven±:2Iar a'2 5 10~ 'kt -as 

Sevcs X10 V?.t: Ciesel 
Services0, :05Ployees 

~ Px~'z:7: 

-. 0.05;%1 7 x 1 12 7.arTies 

sI.:1a rest--a1,clid 300 Lnployees 
Ccllectic'n agecy 

%1r-'i1p%1 sewrrage agency 370 
SaJva.ging operati.ons 265 

kbbr-vIatjons P.., produ-- ou~tput; (a-t, veh.le kiloeters traveled., 

a AVr,' -.. Ly 

-. o..Ua ua71 .flart -er subdlvi!!e into seven rca-i typej in 
u~Dan& n=ortan aream. 

I efers to ier.1~e itttors, :&razes, repair s!:p. 

http:flospitA.Ls
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The next step was to develop residuals generation coefficients for all of the 

subcategories. The results for solids and liquids are shown in Table 169 Various 

means were used to develop the coefficients, as would be done in any setting. For 

examplep boiler technology was essentially the same as that in the U.S. Therefore, 

the coeffiients develoed in the U.S. by boiler and fuel type were applied, given the 

detailed informatien on boilers and their fuels available. For the pulp and paper 

industry, technology again was ensentially the same, so that U.S. coefficients could 

be easily adjusted for soewhat differ-nt raw materials and product mixe re obtain 

coefficients for solid wastes generation, actual data were collected by measming 

weights collected and sorting by material type, and by interviewing various indi trial 

, erations to obtain data on materials sent to byproduct production or resource recovery. 

Fw liquid residuals, a small program of measuring discharges at a sample of activities 

wid done. For generation by vehicles, FMG data were uged, because the vehicle and 

fuel mixes were very much the same in FRG and Slovenia. 

The generation coefficients thus developed were applied to the levels of the 

activities in 1972 to yield estimated residuals generation in 1972, which was essentially 

the same as discharge, their being ns discharge reduction measures. The next step was 

to develop cost-discharge reduction functions or tables for the residuals of concern. 

Two of these ar- shown, for reduction of S02 discharges in the area in Figure 43, and 

for reduction of BCID5 and TSS in Figure 4i. Each of the points on the functions 

represents the least cost measure or combination of measures, to achieve the indicated 

AEQ or degree of reduction in discharge. In Figure 43 for example, the symbols 3A, 

6B, etc. represent the least cost incremenJt added, Thus, 3A represents a shift from 

coat to ligh liquid fuel in the pu-.lp and paper industry. 

CGiven the dincharge reduction cost functions, it was then possible to develop 

combinations of measures to produce dJfferent combinations of environmental quality. 

Table 17 shows five of the- combinations, which reflect different totsa. costs and 

different degrees of improvement in air quality and water cuality. That is, one 

could "have" more water qunlity ard less air quality or the reverse, for a given 
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Tbblg 16. 	 jutiwted Mean Residuals OGerat.xn Coeff icients for Aotitity 
Stibeategaries, ?ive-Cuuw c Areap 1972 

P.-	 r .peroi.-It P..r. =i 

Acti.1RI Cat.gOry 	 _________________3 
Uni'1o 	 1tL*m tn1 and S1b-&tagnuy 

23 9 Top,of P.O. 
mtailpT~SI. 91 ?o f P., 1 -o, cr P 2. 0. 2 of P.C. 

xltirlcaL pwo1w to 2
21 *2-3.7cbmalCLI 

0 T,cudl in ki. Inc1Jdd in All
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Figure 4* Relationship between Mean Winter Concentration of SO2 and Discharge
 

1972 Conditions, Five-Commune Areaa
Reduction Costs, 
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Figure 44. 	 Discharge Reductien-Cest Fuwtians fer BD.5aind TSS, 

1972 Cenditions, Five-Came Area, Ljubljana, Yugeslavla 

Note: 	 I, II, TIT, IV, V represent 
fewsible sewer connection areas 
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Achieved awl Cerrerpunding Present ValuesLevels17. Environmental QualityTable of Physical Measures, 1972 Conditions,
of Costs for Various Combinations 


Five-CmrUee Area, Ljubljana, Yugoslavia
 

E.Q.
Indicator 

Combination I 

7gean 
E.Q. P.V. of 

le'e! copts,
achieved N.D. 

Conr)Iation II 
lan 

E.Q. P.V. of 

level co~ts, 
achieved 110 N.D. 

Combination III 
anea-ln 

E.Q. P.V. of 

level Co9 ts, 
10achieved 

U N.D. 

Combination IV 

E.Q. P.V. of 

level copts, 
10achieved iO" N.D. 

Combination V 

E.Q. P.V. of 

level cogts, 
achieved 10 N.D. 

TS 
/135 pg/r71e pg/r 

3 
3 360 135 Ig/- 3 

7 , Pg/n 3 360 170 pg/m 3 

80 pg/m3 250 200 pig/M 3 

80 pg/r/ 3 180 110 Ijg/m 
3 70 

Co 
1IC 
NOx 

TSS 
BOD 5 

W3R 

35- DR 
25% I'll 

6% DR 

80% DR 
76% DR 

All W3R 

into good 

_quality 
senitaxy 
landfill 

890 

2170 

30 

35% n 
25% D)R1 

6% DR 

76% DR 
71% DR 

All K3R 

into good 

quality 
sanitary 

landfill 

8,) 

1180 

30 

35% DR 
25% DR 

6%'DR 

711% DR 
69% DR 

All K3R 
into good 

quality 
sanitary 
landfill 

890 

81,0 

30 

35% DR 
25% DR 

6% DR 

63% DR 
61% DR 

All n3R 
into good 

quality 
sanitary 

landfill 

890 

1120 

30 

35% DR 
25% DR 

6% DR 

76% DR 
71% DR 

All WR 

into good 

quality 
sanitary 
landfill 

890 

1180 

30 

Total
Costs 

31,50 21160 2010 1520 2570 

Abbreviation: DR, discharge reduction
 

in 1974i N.D.; 4O-year period of analysis; 
a All values are rounded. Costs are net and 

11% discount rate.
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level of expenditure of resources.
 

Table 17 represents the "achievement" of GIFRAD. The information in the table
 

is part of the input to the dedision "recess. Other supplementary analyses are usually 

necessary in order to gerrate information em other relevant criteria, seine of which 

are shewn in Table 18. 

IlMPLEENTAT ION 

Determining the least cost set of physical measures to achieve desired levels 

does not, in and of itself, result in any change in AEQ. The generatingof AEQ 

activities must be induced to act, to adopt measures, to change behavior patterns. 

Figure 45 characterizes this incentive problem, and makes the point that both positive 

and negative incentives, carrots and sticks, exist* Figure 46 indicvtes the role of 

implementation incentives a. a basic element of urban environmental quality managemen~t 

Implementation Incenti-ies and 
Implementati'on Tn.centive S-.stem 

A variety of implementation incentives (11s for convenience) is available. 

Table 19 shows them divided operationally Lt4 Rrgulatery, economic, administrative, 

Judicial, and educatienal/informational. Oth#.r classifications are possible. The 

imDortant point tf) be emphasized is that many options exist, net just the few very 

often considered* 

Given the various possible lls, where might they be imposed in the urban setting?? 

Figure 47 indicates some of the peosible loci of imposition. What and where arf two 

elements, but a third is recuired, the "who". Some entity must be responsible for 

imposing the TI or -Is, or several entitie must be, on tlhe activity. Table 20 shows 

some examnles of the typeq of relationships necessary among activity, physical 

measure, implementation incentive, and responsible entity. 

The foregoing are necessary, but not sufficient, to achieve the desired actions 

on the parts of the activities. What Is required is an "implementation incentive system"' 
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Table 18. Sen Criteria for Evaluating Strategies 

1. PHYSICAL, CHEMICAL, BIOLOGICAL EFFECTS OVER TIME
 

a. 	Changes in ambient environmental quality in the various subregions
 

and subsections of the region
 

b. 	Effects of changes in ambient environmental quality on receptors,
 

users of the region
 
c. 	Extra-regional ecosystem effects
 

d. 	Net energy used or produced
 

ECONOMIC EFFECTS AND THEIR DISTRIBUTIONS OVER TIME
2. 


e.g., values of producs and services produceda. 	 Direct benefits, 
b. 	Direct costs of products and services produced
 

c. 	 Administrative costs 
d. 	Indirect benefits associated with products and services 

produced
 

Indirect costs associated with products and services 
produced


e. 


CO1SIDERATIONS3. kDMINISTRATIVE 

a. 	 Simplicity 
Effects 	on staffs of existing agencies
b. 


*c. Retention of effectiveness under changing conditions
 

d. 	Ease of modification under changing conditions
 

4. TIMING CONSIDERATIONS 

a. 	 Years before production of products/services begins 

b.. 	 Years before adverse impacts on ambient environmental quality begin
 

to be measured
 
establish implementation incentive/institutional
c. 	Time required to 


arrangement systems
 

5. POLITICAL CONSIDERATIONS 

Priority in relation to execution of strategies in other
 
a. 


resources management regions
 
Degree to which strategy can be executed by a single 

agency rather
 
b. 


than by multiple agencies
 
relations between and
 

c. 	Impact on intergovernmental relations, i.e., 


among various governmental levels 

d. 	Acceptability to oublic
 

e. 	Legal difficulties
 

b . .u 	 j ... E S TI :'IA T773 

Dhysical, chemical, biological effectsa. 
b. 	Benefits, direct and indirect
 

Costs, direct and indirect
c. 


7. 	 FEASIBILITY OF FINAICnn
 

c.,'h flow requirements for implementation
a. 
b. ability to pay 

canh flow, e.g., user charges, grants, subsidies c. sources of 
d. bond 	 sale feasibility 



Figure 45o The Nature of the Incentive Problem 

The following definitions are according to Webster:
 

IMPLEMENT: to fulfill; perform; carry out; 

to put into effect according to 

or by means of a definite plan 

or procedure. 

INCENTIVE: something that incites to action. 

CARROT
 

~ ML E 
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Figure 46. Interrelaticns kmng Planning, Inflertation Inrtives, 
Rsical Masurs, ad AM 

PLANNING
 

(ANALYSIS AND SELECTION 
OF REQM STRATEGY) 

D ONI O OF 

-- i 1ing, 

INCENTIVE SYSTEMS 
(includi ng monitor 

and inspectio 

systems, billing 

procedures, enforce 
ment) 

] _t"' |IMPLEMENTATION 

SINCENTIVE SYSTEMS 

OPERATION OF 

AFACILITIES 

~MONITORING OF 

AEQ 

Source : 13ower, at al. (1987) 



Table 19. Classificatien of Implementltim 

Operational Description of 
Incentive Category Specification Specification 

Regulatory (law 
ordinance, rermit) 

anagmt practice/ 
control technologies 

Ciaracteristic(s) of 
raw material inlxts 

Production process 

Resid-kas modification 
anxi/or hwdling 

Product output 

Result of performance Tota . quantity of 
residual per unit < 
a specified amount 

Total quantity of 
residual discharged 
per unit time <a 
specified amount 

Concentration of 
residuals in discharge 
< i specified amount 

AFO level to be 
achieved 

Performance 

Locations or 
limitations on 
locations of 
activi ties 

(Centinued , 

Tnhentives wi. Examples 

Example 

- no more than 1%sulfur fuel
 
- target-specific degradable pesticides
 
- amunt of thermal insulation in blildings
 
- conservatin tillage in agricultural crop producticin 
- activated sludge sewage treatmnt plant 
- debris basins on construction sites 
- pretreatment technology 
- landfill liners 
- anrt of lead in gasoline
 
- amount of plyhiate in detergents
 
- standard Praber/sizes/designs of glass containers
 
- < X kilogram of suspended solids per ton of steel
 
- < y grams of hydrocarbons per vehicle-kilometer
 

traveled
 
- kilograms of suspended solids per day
 
- kilograms of particulates per day
 

- 30 mg/l of suspended solids in waste water 

3 
- maximum quarterly average of lead-1.5 ug/m 
- mmanu concentration of 0.01 of cadmium in 

drinking water 
- 85% BOD removal (from specified base) in sewage 

treat;It plant 
- 98% particulates removal (frum specified. base) in 

power plant stack 
- efficiency of ergy use by appliance must be > 

specified level 
- automobile must achieve at least 40 kilometers per 

liter of fuel in city driving 
- designate hazardous landfill sites 
- limit density of construction.here infiltration 

capacity for septic tanks is less than a specified 
rate 

- prohibit surface mining an slopes > 



Table 19 (continued) 

Incentive Category 
Operational

Specification Description of
Specification Example 

Extent, timing 
type of activity 

- allow only carpools to use particular routes during
particula- time periods 

- prohibit all-terrain vehicles in envrtromentally 
fragile areas 

- prohibit aerial spraying of pesticides when whid > 
8 kilometers per Iour 

Procedure - require environmetal Impact statermt be prepared 
on each project according to sPecified guidelines

- semi-annual testing and inspection Ltrpublic 
agency of discharge controls on motor vehicles 

- require public hearings before R" strategy is 

Economic Applied directly to 
residuals 

Applied to inputs 

Applied to product 
outputs 

Applied to activities 

adoptod 

- charge an each mit of residual discharged 
- X $ per kg. of Ba i5A Y t per kg. of so2 anitted 
- su_!arge on each unit of energy intake - charge on each ton of nitrate fertilizer applied- charge on each kilogran of packaging 
- annual surcharge on horsepower of autombile - severance taxes on -irgin materials extracted - rcduced parking fees for car pzools 
- parking surcharges 
- payment to farnmers to set aside cropla d into 

Applied to residuals 
modification 

conservation reserve 
- sever and lardfill user charges 
- reduced taxes for installation of residuals discharge 

reduction measures 
- grants to municipalities to finance installation andoperation of residuals handling and modification 

facilities 
Administrative 
(By order within a 
governmetal agency 

or an enterprise) 

Applied directly 
residua'ls 

to - require separation of various types of residuals 
- collect all used lubricating oil and used tires for 

reprocessing 

(Continued) 



Table 19 (cotinued) 

Incentive Category 
Operatinal 
Specification 

Description of 
Specification Example 

Applied to products 
used 

- specify that only unbleache 
can be used 

consumer paper products 

- cify that only ray naterials inreusable contaners 
can be purchased 

Applied to activities - specify limits on thermostat settings for heating and 
air conditioning 

Judicial Court or kdinistrative 
Law Review 

Civil or criminal suits 

Educationl,' Educational progr - adverse impcts of activities on AFQ 
Informaticxal - technal assistance for soil/water conservation 

planning 

Informational programs - appliance labeling with respect to energy efficiency 
- fuel ecomwy rating 
- pesticide labeling 

Seurces Bower, et al. (1987 



Figure h7. Possible Tesc fer ImpoitioT f Bmlemntatlen Incentives 
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Table 20. Ilustrations of Combinations ef Activities, Physieal Measures, 
Implementation Incentives, and Institutinal Arrangements 

Residual(s) 

Affected 

Managenent Practice Applicable 

Activity 

mplementat ion 

incentive 

I nstItut i oal 

Arrangement 

Windbtowii 

particulates 

Plant/maintain 

winrdbreak/trees 

Agricultural 

operation 

Provision of free tree stock, 

Technical Assistance 

USDA/SCS, 

Quality, 

State Department of Environmental 

State Department of Agriculture 

Discharges from 

municipal sewage 

Better operation of 

sewage treatment 

municipal 

treatment 

sewage 

plant 

Training of operntors 

(cost borne by state) 

U.S. Envirorerntnt Protection Agency, State 

Department of Enviromrrntal Quality 

treatment plant plants 

Salary increment for licensed municipality 

operators 

Require operators to have State Department of Environencal Quality 

licenses (after training 

and certification exam) 

Chromium Recovery System Manufacturing Provide detailed inforrmntion U.S. Enviromental Protection Agency 

operation 

Phosphates Limit phosphate content Detergent production Ordinance State, municipality. d federbl 

in detergents 
gcvernmet 

Suspended solids Conservation tillage Agricultural operation Recjire conservation plan to USDA, SCS, State Department of 

and phosphates receive USDA program benefits, Agriculture 

Technical Assistance 

Hazardous Landfill liners Lanofitts Require permit and groundwater U.S. Environmental Protection Agency, 

Wastes monitoring, State Departmrent of Envircrientat Quality 

Restrict certain wastes 

Particulates Precipitators, etc. Incinerator Control technology requirement, U.S. Envirorenental Protection Agency, 

Effluent charge - X cznts per State Department of Environmental Quality 

kg discharged above standard 



An implementatimt incentive q stems consists ofI 

(1) 	 a set of implementation incentives; e.g.,
 

rules or procedures that an activity must follow, a set of
 

discharge limitaticns which must not be exceeded by some
 

amount so-we portion of the time, and/or a set of charges
 

related to inputs to the activity, to residuals discharges
 

some 	mcasure of performance;
from 	the activity, or to 


(2) 	 a system of measuring performance; e.g.,
 

the 	quantities of materials discharged, the qualities and/or
 

the quantity of
quantities of material and/or energy inputs, 


residuals removed from the discharge streams, quality of
 

product output;
 

(3) 	 a system of on-site inspection to determine if, for example,
 

in place and operating, the system
specified equipment is 


for measuring performance is in place and operating, the
 

analysis of the samples taken is accurate; and
 

(4) 	 a set of sanctions -- fines, fees, withdrawal
 

of operating permit, exclusion from government contracts,
 

imprisonment-- for failure to comply with the
 

or failing to pay
rules/procedures/standards, 

charges.
 

e.,
Whatever comprises the first 	 element of an implementation incentive system, i 

ether three elements are esmential if the desiredwhat 	combinations of ITs, the 

behavior is to be achieved. 	 For example, both effluent standards and effluent charges 

all four elements to be effective.require 

Some "Facts of Life" with respect to
 
Implementation
 

the totality ofNo presumption is made that the following points represent 

problems/issues/facto of life with respect to implementation. They do represent 

aspects often unrecognized or overlooked. 

The substantial variation in 	 residuals generation,and often therefore in(1) 

residuals discharge, by many 	activities creates difficulties for monitoring performance, 

and for inspection of facilities. What type of sampling and anaysis program, both 

the EQM agency is required to obtain a representative sample ofby th-2 ti- ar by 

Vaugham and Russell (1983) and Watson and Downing (1976) discuss someperformance?? 

of the inherent problems. With respect to Inspection, experience shows clearly that 

between 0800 and 1700, that substantialif inspectiins are limited only te weekdays 



Figure 48. Flew Diagram Showing Elements of an Implementation Incentive System 
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ill occur. "Midnight dumping" is a phenemenondeviations from required perfrmance 

com to many, if not all, societies. fperience shows that unless iLpections are 

unannounced, accurate appraisal ef perfermance is not achieved. Figure 49 suggests 

what is likely to be the relationship among frequency of unannounced inspections, 

inspection costs, and discharger performanoe. 

Even if representative sampling of an activity could be achieved, the problea 

remains, hw good are the numbers produced by the 19b analysts?? How good (or bad) 

is qnality contol.ef lab analyses?? Tables 21 and 22 reflect this problem. The 

constituents in Table 21 all are conservative, common, and relatively simple to 

analyze. The ones Wlewnin Table 22 are coen, and almost as simple to analyze. 

Yet, in both cases, there is a wide range in what the different labs reported as 

being in a sample with known concentrations. Although it is hoped that the situation 

has improved sin--e the 1960s and 1970s, seme evidence suggests not mach improvement 

has occurred, This is particu2arly a problem because of the recent concern with 

trace elements, synthetic organic compounds, organochloride compounds, for many of 

which concentrations are in the parts per billion and parts per 14rillien range. Lab 

analyses have become much more difficult. 

(2) The behavior of different types of activities in terms of responding to 

incentives of various types is neither.well studied nor well documented. The assumption 

has often be en made, particularly by economists, that activities-in general, no 

caveat-will respond to economic ineentives. However, it is clear from experience 

that some types of activities, such a s public agencies, do nt--in fact-respond to 

economic incentives from society's point of view. Some of the worst "polluters" in 

developed and developing countries alike are government entitiese The effect of 

incentives in an urban setting is, to an important degree, a function of the type of 

organization to which the activity belongs, e.g.$ eoe plant of a multi-plant firm; 

public agencies, ffuch as schools, park departments; sirgle plant fin ; nation-wide 

franchise organization; member of Ainational trade association. 

http:contol.ef


Figure 49. Hypethesize Relationship ameng Frequency of Unannsunced Thspections, 
Inspeotion Gests, and Discharger Perfermance 

Ratio ot mean daily discharge 
to permitted mean daily 

discharge 

3.0 
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Simple production 
Cost of I i 

Cost of 
inspections 
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Permit level 
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Table 21. 	Results of Analyses of Samples of Known Concentrations
 
by Operating Laboratories
 

Reported Concentrations
Number of
Known 

Constituent Concentration, Laboratories Minimum, Maximum,
 

ppm Reporting ppm
 

9.6 	 332
Sulfate 	 259 65 


210 	 392
Chloride 241 	 63 


0.0 	 1.09
Fluoride 0.57 	 53 


53 0.2 	 28
Nitrate 	 1.1 


Ratio of Minimum Ratio of Maximum
 

Ratio: Maximum Reported Reported
 

Constituent Reported to Concentration to Concentration to
 

Minimum Reported Known Concen- Known Concen
tion tion
 

35:1 	 0.037 1.28
Sulfate 


1.63
Chloride 1.9:1 	 0.87 

1.91
Fluoride 109:1 a 	 0 

0.18 	 25.0
Nitrate 	 140:1 


aArbitrarily assuming minimum reported of 
0.0 to be 0.01.
 

Seurca: Kinney (1968) 
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Table 22. Results from Analysis of Nutrient Sample 3001, 
Phase Six Lab Quality Control Program, the 
Miami Conservancy District Water Conservation 
District
 

Nutrients - mg/l 

Lab No. NO3 -N NH3-N TKN Ortho P Total P 

1 0.17 2.28 42.00 2.94 4.50 

2 -- -- 0.91 4.49 

3 8.4 1.2 -- 1.0 1.5 

-- i.1 -- 0.35 -

2.1 -- -- -- -

6 1.32 1.32 1.99 1.05 1.03 

7 1.8 1.4 10.0 -- 2.9 

8 1.59 1.33 -- -- -0.84 

Value 1.27 1.13 1.18 0.96 0.96 

Note: Both manual and automated methods were used. 
-- means not reported, i.e., net found by laboratory 

Source: Miami Conservancy District (3D76) 
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systems in various muntries are(3) 	 Mast, if not all, implementation 

mixed 	 systems, i.e., comprised of various oembinations of the different types of 

systemsincentivess economic; regulatory; technical aid; judicial sanctions. "Pure" 

do not exist. This is not surprising, given the wide range in combinations of 

activities, governm ntal structure, culturL.. 

agency or set of agencies(4) 	 Effectire implementation requires that the EQ 

have 	 the following capabilities: 

technical capability to review applications to discharge and too 
economic measures to reduce dischargeslaid activities in selecting 

o 	 technical capability to monitor and inspect sources, and to 

measure performance of sources; 

o 	 authority and capbility to apply sanctions; and 

o capability 	to finance its operations. 

CcONLUDINOm COMMENTS 

e Two widely existing perceptions are myths. One is that "pollution 

control" is always very expensive. The analyses of activities, along the lines 

described in the section on analyzi-g activitieq, 	and much experience, indicate that 

industrial activities are alwaysthis is net so. Two, the assumption that private 

areas is not always, and may seldom be correct. Thethe worst polluters in urban 

typical arproach bas been to ignore public industrial activities, urban storm 

commercial activities as tourist reserts, officerunoff, and such hotels, and 

buildings. 

o Many uncertainties exist in relation to analysis for UEQM. These includet 

hydrologic and meteorologic; ecologic, in terms of inadequate undetstanding of how 

ecosystems behave; economic; technologic; behaviorial, e.g,, will the activities 

respond to the incentives as assumed; and political. As a result, it is essential
 

that alternative scenarios be analyzed and sensitivity arlysis be performed.
 

o Analysis for, and implementation of, UEQM requires the integration of 



110
 

economics, technolegy, ecology, and institutions (legal, social# political)* It is 

easy to develGp the capability of integrating, in any country.net 

To achieve and maintain desired EQM . UEQM is a CONTINUOUS activity. 

levels requires: 

institutional capability to carry out the integration cited above; 

an understanding that the costs of improving AEQ are eften small, and 

may even be pesitive, e specially in the industrial secterl 

the driving ferce in making demands a recegnition that "life stye " is 
inputs and a s repesitories for leftevers, and on environmental 	 services, both as 

should be given to possible modifications of "life
therefore explicit consideration 
style" in developing UEQM strategies; and 

political wille 

Recemendations 	 to A.I.D. 

(1) 	 Urban environmental quality management considerations can be incorporated 

coursesby utiliting the framework pregented berein, with more
in AID wenvironmental" 

various elements framework. But it should PIls, be
detailed discussion of the of the 

noted that the framework is just as applicable, and has been applied# to nenurba 

areas as well.
 

of the AID urban programs/projects
(2) The framework can be applied to any 


in order to assess the environmental effects thereof•
 

Reprise
 

for UEQM. It is 	 a truism that analysisThe emphasis herein has been on analysis 

by itself does nothing, i.e., generation of infermation without the means for execution 

is futils . But it is also a truism that execution with analysis ii very likely to 

be dangerous. Shakespeare stated th3 situation wG6U four hundred years ago, to vit: 



in
 

"When we mean to build,
 
We first survey the plot, then draw the model;
 
And when we see the figure of the house,
 
Then we must rate the cost of the erection;
 
Which if we find outweighs ability,
 
What do we then but draw anew the model 
In fewer offices, or at last desist 
To build at all? Much more, in this great work, 
Which is almost to pluck a kingdom down 
And set another up, should we survey 
The plot of situation and the model, 
Consent upon a sure foundation, 
Question surveyors, know our own estate, 
How able such a work to undergo, 
To weigh against his opposite; or else 
We fortify in paper and in figures, 
Using the names of men instead of men: 
Like one that draws the model of a house 
Beyond his power to build it; who, half through, 
Gives o'er and leaves his part-created cost 
A naked subject to the weeping clouds 
And waste for churlish winter' tyranny." 

William Shakespeare
 
Henry IV, Part II, Act I, Scene III 
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