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- ‘ABSTRACT

Computer-based:évaluative methodologies have been developed to provide
for the analysis of coupled phenbmena associated wifh natural resource compfe—
hensive planning'féquirements. Provisioné for planner/computer interaction
have been included. Each.of the simﬁlapion‘ﬁodels developed is described in
terms of'ité codéd procedures. An application of the models for water qﬁality
management planning is presénted; and the data reqqirements for each of the

models are noted.




1. INTRODUCTION
In order to assist the State of Illinois in satisfying the water re-

source planning objectives required by the 1971 Federal Guidelines and the Am-

ended Federal Water Pollution Control Act of 1972, the Center for Environmental
Studies of Argonne National Laboratory has developed a series of computerized
techniques. Thege techniques are considered to represent a codification of the
state-of-the-art principles impliéit in the comprehensive planning process.
Specifically, five éomputer routines have beeh developed to serve as a tool for
the evaluation of alternative solutions for resource analyses, such as for water
A quality manageméﬁt studies. This developmental program ﬁas sponsored by the I1-
linois Institute fdr Environmental Quality under contract number 31-109-38-2656.
A separate computer modei has been developed for each task envisioned
as part of the planning process: a Socioeconomic/Land Use Model (SELUM) for the
projection and allocation of growth activities; a Waste Conyersion Model (WCM)
(Resource Demand Mbdel) to convert the future.levels of growth activities into
their appropriate resource demands; and a Facility Cost/Schedule Model (FCSM) to
determine the dollar costs and the resource abatement associated with alterna-
tive strategies (pianning policies) for managing the projected resource demands.
For water quality management studies, two models have been developed: a ﬁydrol-
ogy Package (HP), which is used to generate and to test alternative scaliﬁg pro-
cedures for equally probable synthetic or historic flow sequences for-a river
system; and a Water Quality Model 0W®lebr the analysis of resource reaction
to alternative strétegies for managing the forecast demands'(water quality).
The first three models have been developed in general terms so that they may be
employed for natural resource analyses, and not merely for resource studies.
Each of the computerized techniques deyeloped 1s described in detail in Refer-

ences 1-4,




The following pages present'a succinct description of each of the
simulation programs developed. A second section presents a discussion of the
types of ‘information that may be‘analyzed by the models. A third section pro-

vides a list of the types of data required by the models.




2. MATHEMATICAL Nomst‘

A series of computef—based methodoiogies has been developed to become
an integral part.of a natural resource planning process in a comprehensive con-
text. A serles approach involving the development of separate, but compatlble,
models was chosen Such an approach was adopted to provide for:

‘a) maximum planner/computer interaction in directing
simulations and in analyzing the results of simulations,

b) ease of comprehension of the techniques coded, and

c) maximum utilization of the individual procedures for

other natural resource analyses when and where applicable.

2.1 Socioeconoﬁic/Land Use Model

A Socioeconomic/Land Use mathematical model (SELUM) has been formulated;
it forecasts futufevlevels of demographic‘ economic, and land use activities.
The model is constructed in modular form, in that there is a separate subroutlne
prov1ded for each activity for which data marripulations partlcular to a growth
entity are to be performed. Also, each computational procedure that is common
to the forecasting of all growth activities is contained within a separate sub-
program. - Separate subprograms are also provided for manipulation of the majority
of'input data required bybthe model and of output results generated by it. Fig-
ure 1 shows the general structure of the pfogram; '

'The model recognizes three levels of geographical resolution:* regions,
subregions, and sub—sﬁbregions.‘ A region is a grouping'oflsubregions,.while a
sobregion-is composed of a numbef of sub-subregions, The relationship between a

subregion and the sets comprising it is détermined by program input. Separate

For example, a river basin (region) contalnlng countles (subreglons) which con-
tain. mun1C1pa11t1es (sub subreglons) C . -
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independent'functional forms, for entities to be projected, are obtained for each

level of rcsolution. Growth projections are made from these functional relation-
ships. The projected cntities are.distributed to the subsets using a propor-
tional shift technique. Reconciliations, based on the assumption that the pro-
jection§ of aggregated data are more realistic than the projections of the indi-
- vidual values thus aggregatéd are made; that is, projections on a sub-subregional
and/or a subregional 1eVe1 are.usualiy reconciled to a regional projection.

The Socioeconomic/Land Use Model is a trend model in whicﬁ the histofic
patterns of growth phenomena are functionalized and used as a basis for project-
'ing future levels of those growth activities. To perform realistic projections
and reconciliatidns for all growth entifies,'a-method fdr constructing represen-
tative subsets or constraint grbups is provided via program input. Figure 2 shows
the subset grouping méthbdoidgy provided. " The subsets defined may be combinations
of subregions whose growth trends are sufficiently similar that it is desirable to
allow them to<gf0w together and.to reconcile their future growth together. How-
ever, there may be subregions that demonstrate no common growth characteristics;
therefore, subregionslméy also.belallowed to grow individﬁally. When arbitrary
subsets are used in the computational procedure, forecasts of those érowth enti-
ties for the overall region are obtained by summation of future values over the
subregional Valués.:

Additionally, the model contains an option wherein control totals for
future subregional population values méy}be input to the model and used as a basis
for redistributing the forecasted levels. These control values are exogenous to
the model. When the option is aétivated, these totals are preserved for all future
years. All forecasts are made by the model as usual. However, the eXogenous con-
trol Valueé, as Qppoéed to similaf'falﬁes combuted by the model, are used as a

basis for distributing and reconciling the forecast values.
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Another option within the program provides for the computation of em-
.ployment by SIC classification'within the various political boundaries from the
future control total values of subregional population. For this option a ratio
of total employment to total population on a subregionallscale is functionalized
with population as the independent variable. Future levels for this ratio are
obtained from the functional relationship and the future control population
values. The ratio, in addition to standard employment projections, 1s then
used for distributing the forecasted levels to SIQ class at the appropriate
level of resolution.

The ability to preserve apd to base computations on future values for
growth entities, eXOgenOUS‘to the model, increases the sophistication of the.
" model and providee-for alternative computational methodologies which may be
used as a primary foreeasting device or as a means for Verifying previously pro-

jected values.

2.2 Waste Conversion Model

" One objeetiVe of any program concerning the quality of a natural resource
such as air, water, orllapd ié»to ascertain the effects of growth’on the resource.
The types of growth may be industrial, population, agricultural, or others. There-
fore, the amount and type of waste generated by each type of growth (pertinent to
the resource being considered) ﬁust be determined.' These waste loads may then
be aggregated over the various generating agencies (or treated individually) in
order to estimate the burden that will be placed on a resource. Such aggrega-
tions may be performed for a present time period, or for future time periods, de-
pending on the type of information requlred as a study goal

The Waste Converslon Model (WCM) has been written to convert current
and/or projected levels‘of economic,Ademographic, and land use related growth
into their appropriate waste}parameters. Tﬂe'model is'general, in that the waste

relationships for various growth entities are formdlated external of, and are ex-
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ogenous to, the model. ‘The -computational method is structured so that waste
loads and concentrations of various pollutants may be determined for such point
sources as industrial manufacturing operations and domestic opcrations, and/or

for such nonpoint'sources as land runoff. The model is constructed in modular

form in that there is a Separate subprogram for each type of waste-generating -

growth agency, as shown'in Fig. 3. Thus, if alternétive ﬁethodologies are de-
veloped for the'analysis of included growth entities, or additional waste gen-
erating agencies'are of importance, then they may be easily incorporated into
the model. | |
The model may be used for the estimation of point'source and nonpoint

source waste 1oads; The poinf sbufce ioadsvrepresent a burden that is normally
exerted on some typé of waste collection énd treatment fétility, where the con-
centrations of various pollutant species are reducéd; prior to their imposition
onto an assimilative body (e.g., a riyer system). The compositibn of these point
source waste loadsfis'deténnined from the prbjectéd levels of demographic and/or
economic aCtivity,iand combined on the basis of exdgenous decision variables. |
Thus an analyst (planner) may investigate alternative policies based on the mag-
nitude of combined waste loads that will require treatment, thereby investigating
future waste load alldcations and/or alternative construction schedules for waste
treatment. Thc next three models provide the cost and the water quality associated
with the combined point source waste loads. | |

4Nonpoint Sdurce waste loads are eétimated from input levels for future
land use allocations and for the forecast levels of growth activities associated
with a particular'land use category. From édditional program input concerning
runoff coefficiéntg, which are activity dependent, and annual rainfall, a runoff
flow and various»pollqtant specie concentrations are estimated.

The model, in effect, is a resource demand estimator wherein projected

levels of a growth activity are converted into their appropriate natural resource
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each treatment facility location. It'may be.decided to cqﬁstruct a new waéte-
water treatment plaht, to upgrade an existing piant,'to'expand an existing'plant,
to build an intefceptor,_which will carry fhe waste loads to some other wastewater
treatment plant, or to do nothing. This decision must be described for each loca-
tion and each‘thne period. If it is;deci&ed to build’anAinterceptor to a region-

al wastewater treatment plant, then information is fequired-regardihg the ‘location

of the receiving plaht; the distance to the receiving plant and the type of grading

that will be encountered. If it is decided to do nothing, a program option al-

lows for the automatic expansion of an existing facility whenever the actual flow

through a facility is approximately at the design capacity of that facility (de-
termined from input). For instances where existing facilities are.opérated at
excess cabacity, the influent flqw is divided such fhat the design flow cycles
throﬁgh the'plant where the poliutant spécie concentrations are appropriately re-
duced. The excess flow (actﬁal'minus désign) is bypassed. The plant effluent is
then combined with'the'bypasé flow acéording to cdntinuity considerations.

The computational structure of the:model"is shown in Fig. 4. 1In each
time period the program computes a design capacity based on a weighted average
(input) of the future‘wastewater influent £1¢w rates, together with any effects

due to interceptor systems. Also, a construction cost inflation index is esti-

mated; to be used in the subsequent cost determinations. The program then executes

the appropriate cbnstruction sfrategy. The costs in terms of construction (based
on a design flo&), opératiOn.anﬂ maintenance (based on actual floﬁ), amortiiation

and depreciation are computed for the strategy. Next, the wastewater efffuent
specie concentration is determined. Similaz'zomputafions are performed for

all locations and for all time periods. At the conclusion of these analyses, a

time series of annual accumulative costs, for each location, is constructed (am-

ortization, depreciation, and operation and maintenance). Each of these entries

b
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demands. Since the factors that relate growth to demand are exogenous to the

model, if may be applied to any natural resource provided the data are available.

2.3 Facility Cost/Schédule Model

| StrategiesAwith regard to the siting of wastewater treatment facilities,
the upgrading of wastewater treatment plants fo a higher efficiency of waste re-
moval, the expansion of,éxisting'fdcilities to accommodate larger flows, and/or

the consolidation of municipal plants into larger regional systems Trepresent

- water quality and the associated cost. The objectives of the Facility Cést/
Schedule Model are fo measure fhe relévant costs of such policies on a basinwide
scale and to determine the effluent concentrations of various species contained
in the wastewater influent, which has been proééssed by an existing, modified,
and/or construéted facilify. These pollutant concentrations and wastewater efﬁ‘
fluents may then'bé employed as parfial input into a water quality, or a natural
resource siﬁulator;..' | |

The computations are inpﬁt dependent iﬁ'that parameteré are required to
déscribe the program control options, the.existing facilities inventory (location
dependent), the waste loads to be treated (time and location dependent), and the

'alternativeAstrategies to be evaluated (time and location dependent). The program

control values set the assumed 1ife times fdr existing and/or constructed facil-

ities, the number of locations to be considered in the analysis, the number and
length of time intervals to be considered, the anticipated treatment efficiencies
for the various procésses, the ratio of sewer costs to treatment costs to be used
at each location, anﬁ the flbwAweighting factors to be used to determine the ex-
cess capacity that shbuld Be designed into each facility constructed.

The input'étrategyldescribes the construction alfernatives to ge evalu-

ated. An analyst'may‘makevoné of five basic decisions for each time period at
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is presenfed valued back to a base year dollar. These preseﬁt value entries

are then combinedv(with or withouf depreciation-expenses) to form a total pre-
sent value cost for eacﬁ location, over time, and for the specified construction
strategy. These present galue costs are sunmed over all locations to provide
one, total presentdvalue:dollar figure representative of the regional'bdnden in-
curred. . This regional burden figure, plus other similar values, may tﬁen be
used (in addition to a water quality model)ifor the determination of "cost-ef-

fective' wastewater treafment.strategies.

2.4 - Water Quality Model

The water quality simulation package con51sts of a group of mathematlcal
models (or sub- packages) that are llnked together by programmed 10g1c The pur-
pose of the water quallty 51mu1ator 1s to relate waste loads entering the river
" system (i. e., from the FCSM) to the quantlty and to the quallty that results at
selected p01nts in terms of chosen water quallty 1nd1ces Beth conservatlve
and nonconservative (degradable) water quallty indices may be modeled using the
existing package. The concentrations of uﬁ to five indices may be determined
simultaneously during a single simulation.

The simulation of.a river, by the model, is based upon‘the branched
river scheme developed by Pisano;5 For such an abstraction, a river system is
codified into a coafiguration of node points where a particular node is of some
utilitarian or geometric interest. For the ekisting simulation package, the node
points must be classified as either one of fivebtypes;' |

1) A water quality er test point. |
2) A waste discharge pointd
3) A channelldam site ”

4) A‘juﬁction peint must be 11m1ted to the'
confluence of streams

5) .A‘termination point
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Because of the large number of rariables ihcluded, an abstracted r{rer system may
contain up to a maximm of 50 node points per simulation. These nodes must con-
tain an endpoint and may be composed of up to the maximuh nunber of cach of the
following node types:b 15 test points, 25 waste discharge points, 15 dam sites
and 10 junction points; In order.to circumvent storage limitations, multiple si-
mulations may be performed.' For these cases, the computed quantities for the last
’feu nodes processed are retained and are used as initial points for the next
simulation; | -

The-computer modei is‘primarily_an accounting routine wherein pollutants
are'reuted‘frem point to point in a riuer.system. The general sequence of com-
putatiohal events is shown schematicallyiin Fig. 5: The model consists of a main
or executive routine that accesses the main precessing routines: these include
a simulator and a statistical summary program. The simulator branchbaccesses in-
put data routines, echo output routines and the aux111ary routines. The logic
for the snnulatlon analyses is shown in Fig. 6 - for each time frame being simu-
lated, appropriate gage flows, determined external to the program, are adjusted
to obtain flows for‘every point.within the system. At each point, the existence'
of waste inputs, water demands trlbutary streams or channel dams is checked.
Depending on the results of this check, waste loads or tributary flows are added
and mixed (perfect‘m1x1hg is assumed) with the upstream flow, water withdrawal
quantities are subtracted; and channel dam characteristics are referenced, as
appropriate. Once all chahges takiug place at a point (er node) are considered,
the program moves te‘the next~downstream point. During the meve downstream,
nonconservative constituehts are degraded, and; if dissolved oxygen concentra-

tions are being simulated, a check is made to determine if a critical deficit

- occurs between the two nodes. This process is repeated.until the end of the

study area 1is reached, at which time statistical information is extracted from
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the simulated results, appropriate output is'generated, and the program returns
to the starting point for the next time frame. Upon consideration of thp last
simulation for a given set of conditions,. the model generates overallvstatistical
summaries of the'simulated water.quality.A |

2.5 Hydrology. Package

Hydrologicai considerations are prerequisite to the analysis of water
quality indices. Typically, flows at any-parficular point in a fiver system vary
over a widé range, and flow_patterns of different streams, within a river basin,
Vary considerably;. The histofyndf flows at gaging points within a basin may be
used for determining the extent of flow variations and may also -be used to preditf
flow sequenceé to be éXpeCtéd in future yearé. Since flow:seQuences observed his-
torically are ndtwiikely to be repegted in thé future, Monte Carlo'techniques are
used to generaté probable-future.flow sequen;eé. Spch an approach permits an eval-
uation of alternative'pollutibn abatement poiicies under a variety of likely future
hydroiogic conditions, and the calculation 6f appfopriate prébabilities to eval-
uate the degree of.risk asébciated with each policy.

. The computation of hydrolpgic parameters required for water quality
. analyses is done bp’the wafef Quality'ﬁbdel. The procedure for these calcula-
tions is presented in Fig; 7. The Water»Quality‘Model accepts as input flpw
data for all basis éages in the codified river syétem. These data may be
either historical flows, or‘Synthefic flows generated by the Hydrology Package.
Thé input flow record is extended to all poinfs of.interest on the codified river
System using scaliné procedures Based on input dfainage areas. Thelaverage velocity
and the hydraulic depth at each critical point,'plus the time of travel for each
reach, are computed using exponential relationships; These calculations are based
either on actﬁal ﬁeasﬁred pfpss séétibns'ét'phe_critical points, or on genéral—4
ized hydraulic geometry equations (for free flowingps;reams and for channel dam

pools) developed by the Illinois State Water"Survey‘
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The Hydrolbgy Package consists of three computer programs. Two of those
programs (MEAN and MIN) have been developed for generating and testing synthetic
flow sequences. Each‘progfam accepts historical flow data, via magnetic tape,
for up to 25 gagithstations. Program MEAN is used for the generation of monthly
average flows; program MIN is used for the generation of minimum 7-day average
flows‘for each monfh. A separate program (SCALE) has‘beén developed to test al-
ternative drainage:area scaling schemes. Such schemes'are required in order
to extend existing or synthetically generated flow sequences, at basis gages,
to othef points of interest (where flow values are required) in a river system.

The scaling factors are based dn official drainage areas obtained from the USGS.



-22-

3. APPLICATION OF THE SIMULATION‘MODELS

. The computeriéed techniques presented in the previous section were ex-
ecuted sequentially in order to assess the water quality and the assimilative
capacity of the river systeﬁ in the Illinois portion of the Rock River basin.
lThe entire wateréhed'is 1ocat¢d in southeastern Wisconsin and in northwestern

I1linois. The I1llinois portion of the basin includes approximately 5,300 sq.
mi., with approximately 163 miles of the course of the Rock River. The appli- |
cation of the computer models for such a study is shown-in Fié. 8.
The‘Socioeconomic/Land Use Model was used to generate forecast levels

of growth activities from historic data and exogenous growth strategies. The
growfh activitiés inciuded population, selécted industrial manufacturing employ-
ment, livestock inventories by specie, and land use categories. The results ob-
tained are presented in Fig. 9. The Waste Conversion Model was used to convert
the projécted levels of growth activities into their representative point source
‘and nonpoint source waste loads. These computations were baséd on exogenous emis-
sion factors and'planhing strategies. The éomputed point source waste loads (de-
termined from curve D of Fig; 9.1, and curve C of Fig. 9.2), for various loca-
tions within the basin, were éompared with similar reported values from actual
treatment plant operations6 for a comparable time period. The results of those
' comparisons, in temms of flow, untreated BOD (treatment plant'influent), and
treated BOD (treatment plant effluent - defennined using removal efficiencies
contained in the Faéilitnyoét/Schedule Mbdel) are presented in Fig. 10. Those
comparisons inditate the ”reasoﬁableness" of the methods employed;.

‘From a sfudy of fhe magnitude of the point source waste loads, it was ﬁos—
sible to isolate twentyféix'placés, primarily located on the main body of the Rock
River, that accounted for approximately 95% of the industrial and 60% of the do-
mestic waste loads in the Basin. These locations were then employed for an as-‘

- sessment of the assimilative capacity'of the I1linois portion of the Rock River.
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Four alternarive wastewater treatment strategies, over a 30-year plan-
ning period, were.evaluated ﬁsing~the Facilities Cost/Schedule‘Mbdel. These
evaluations were in'tenms of a present value regional burden (depreeiation ex-
penses were not included), and the associated treatment facility effluents.

Each of the strategies, as well as the resultanf regional burden, is presented

in Table 1. Strategy A consieted of‘eperation'and maintenan;e costs associated’
with the operation of existing facilities. Plants operated at excess capacity
were assumed to bypass the exeeSS fiow; planﬁ effluent and the bypass‘flow were
combined prior to imposition onto the river. This strategy, therefore, represents
a base over which all Other$ may beAcompared. Strategy B included the upgrading
of five primary facilities to secondary plants by 1975. Strategy C included the |
expansion of fourteen existing facilitieév(no upgrading of'process'type) over the
forecast period. ZStrategy D inelqded the upgrading and expansion of all‘existing

facilities to include the'addition of microscreens by 1980.

Table 1

" Present Value Regional Burden

Strategy Present Value Cost (1970)
A - no change o $11,000,000.00
B - primary to secondary $17,150,000.00
C - no change, expansion - $20,400,000.00
D

- addition of microscreens $34,000,000.00

The effluent flows and snecie concentrations were imposed on fhe river:

. system and water quality parameters were determined using the Water Quality Model
and the‘Hydrology Package For these analyses, 50 years of synthetically generated
mean.monthly flow ~sequences were used at each p01nt of interest on the river sys-

tem. The results. of the 51mulatlons, in terms of concentrations of dissolved
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oxygen along the main branch of the Rock Rirer, for the effluents associated
with Strategy A, are shown in Fig. 11. These results show that,'even'theugh
several facilities were operated at excess capacity, the river was capable of
assimilating these westes, in terms of the flow eeQuences employed. However,
these results are preliminary in that indusrrial discharges were nof included,
- runoff phenomena were approximated, ﬁeah%mOnthly fiow sequehces were used, and
a nitrogenous oXygeﬁ demand wae not included.

Comparison of the regional burden (such as those values presented in
Table 1) with the associated water quality indicesv(such as those presented in'
Fig. 11), shows that cost-effective plahﬂing'policies mey be isolated. Addi-
tlonally, the codified procedures may be used to 1dent1fy those problem areas
of a river system (perhaps trlbutarles) that will require further, more detailed
analyses. For example, Effluent Limited Segments andAWater Quality Lhnited Seg-
ments may be defined. Also, in relatioﬁ to Water Quality Limited Segments, the
techniques may be used for defining the types ef data required, and the locations
where these data should be gafhered by a segmeht moniroring program. Such pro-.
grams will be necessary in order to detemmine future waste load allocations on
certain segments. Furthermore, should a national land use policy be adopted,
the methods presented herein could‘be used for relating those policies to growth

parameters, waste<loads,.and water quality.z-
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River Mile
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_ River Mile
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River Mile
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Fig.lll Monthly Dissolved Oxygen Concentrations (mg/%) as
: a function of River Mile for the main body of the
Rock River, obtained using the effluents associated

-with Strategy A.
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4. DATA REQUIREMENTS |

This séqtion is included in ordér'to'con§ey the magnitude and types of
data required to eXecute the.simulation'quels. The included information is
brief; more detailed discusSions,}as well as the indication of sources of data,

are presented in References 1-4.

SocioeconOmic/Land Use Model

e Identification of the. subreglons and the sub -subregions within the
boundarles of interest .

e Historical trend data on
-« population - by sub-subregion and subregion
« employment by SIC and sub-subregion o
 . 1ivéstock by specie and subregion
e land utilizations - agficulfural urban,'etc4
" 1ndustr1a1 product1v1ty by SIC and locatlon

® Growth strategles

Waste Conversion Model

e Emission factors for domestic and industrial proceéses
o water use and pollutant concentrations by location
e industrial Operatiohs by SIC and location

e sewage treatment facilities by place and the.population served,
the industrial wastes treated (amounts)

e for nonpoint sources, the average annual rainfall

® Planning<decision variables for combining point source waste loads

Facilities Cost/Scheduling Model

e Sewage treatment plant inventory
. location, design flow and type bf'facility

o Cost functlons for construction and operation and maintenance by loca-
tlon and type of plant optlonal - these functions are contained in the
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model but nay be changed if desired
@ Wastewater collection and treatment strategy - plahning variables
e Point-source waste loads (flows and specie concentrations) - may

be supplled by the Waste Conversion Model

Water Qudlity Model (including hydrology)

e Define node points on the river system' 
. Watef qualitf stationllecatione
. stream'gage locations |
o chamnel dam locations
e identify diversions
° 7‘day-10 year io& flow.map
© Rlver miles for node system "e
e Dralnage areas .
.. Flow data
'; .floﬁ tape (historic) '
e Hydraulic geometry
¢ channel dam characteristics
e CIross sectionsv(or generalized hydraulic geometry eXpressions)
@ Stream data (node dependent)
. 'deex&genation coefficients, Kl
‘ ° Constahts in the generalized.velocity‘and depth expressions
. backround'concentration<of BOD in nonpoint inflow,

« backround concentration tape* (opt10na1 method for generatlng
backround concentratlons)

o existing or desired water quality'standards

e Stream temperatures

The model is capable of generating a synthetic record of location- -dependent
background pollutant concentrations from ample historical data in the same
manner as synthetic flow sequences. are produced. These location-dependent
. values are correlated with flow in order to extend the record to other desired
locations. :
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e Wastc dis:harge data

e flow rates and pollutant concentrations may be supplied by the
Facilities Cost/Scheduling Model
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5. Pisano, W. C., "River Basin Simulation Program,' Federal Water Quality Ad-
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