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ABSTRACT : ) .

The project report examines the design criteria and procedures

[S]

currently used in the design of sanitary sewer systems, A review

of literature concentrates on pfocaiures for the automated design of

sanitary sewer systems. From the literature review, it is concluded

. - - - ;e
that the cost optimisation of a voriable |ayout together with details of
sewer sizes and vertical alignment is not practical .

The major_part of the project is the development of a program . ' {
which employs _dynamic programming in a multi-pass mode to optimise ' \
the cost of a branched sapitary sewer system'of fixed layout. The 3

program permits some user flexibility. by allowing options for defining
cost data and design criteria. Detailed. documeni'ufior; for operqtilng . ;
the p'rogrcm is provided. A critical Vc;ppraisal of the efféct'iv'eness of
the algorithm and ‘a comparison with other programs which use the -
dynamic programming techni;que is presented: A measure of the

sensitivity of the optimal policy to changes in the cost structure is

examined . . ‘ :
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’.CHAPTER 1.0 STATEMENT OF PROJECT OBJECTIVES
o .SeWer design is a repetitious procedure which has traditionally.
-.. been performed using nomographs and hand calculations. With t‘he arrival
of the computer, programs were developed whi;h C;Utornaic'ed the hand
calculation technique to pemit the rapid design of sewe;' systehs. Because
these programs did not consider qll‘possib_le combinations of sewer sizes,
veri;iccl alignment ond costs‘For each link in the network, the l-;esults may
nét represent the cheapest sewer system cost. Some programs, currently beigg
promcﬁed, optimise single links only and éroduce results which are inefficient.
To meet th‘e requirement for a minimum cost solution, optimisation computer
‘programs are gging -developed which consider all possible combinations of
layout - sewer sizes and vertical qlfgnr:we_nt and which. utilise an array of
costs or cost functions to cbtain the optimum sewer system cost. .
This study reviews the current methods us;ad to produce optimum
sewer system designs, describes a dynamic programming computer p@mm \
developed by the author for the design of gravity flow sanitary sewer. systems - <

and discusses its application.




CHAPTER 2.0 ' SEWER DESIGN PROCEDURE AND
LITERATURE REVIEW

This chapter describes the general requirements for the design of

a grovity flow sanitary sewer system, the problems of designing a séwer system
. o
to obtain minimum cost ond the optimisation methods used to achieve the

wdntmum roet solution.

w\:,



2.} DESIGN PROCEDURE

The design of a sanitary sewer system generally consists of the
following operations: |

1. assembly of the physical data of thg area to be serviced,

2. selection of the sewer layout,

3. computation of sewer sizes and vertical alignment to conform

with the design criteria set by the local author.ity,

4. computation of strength class of pipe required, and design of

manholes,

5. estimation of cost. .

. The required physical data for the area includes a topographical map
of the area, a land use plan, street layout drawiné, soil and water table
data, and location of the outfalt.

From the physical data, the designer selects a suitable sewer layout
to service the area.

The computation of the sewer sizes and their vertical alignment is
then carried out in conforrﬁily with the local design standards and criteria.
These will nénnally specify the following:

1. average flow rates for domestic, commercial and industrial areas,

2. peaking factors for the above flow rates, .

3. infijltration rate,

4. method of cbmputurion of design flow rate(s) for the sewer,



10.

11,

12.

13.

15.

16.

17.

18.

The

2.

hydraulic steady state conditions,

hydraulic' resistance law, e.g. Manning's equation,

hydraulic roughness coefficients,

full flow or partial flow analysis,

maximum design CGF;GC“Y for a sewer,

criterion to prevent erosion, e.g..quimum ve‘z.locity requirement,
criterion to prevent deposition of solids, e.g. minimum velocity
requirement or tractive force theory,

method of computation of energy losses and vertical alignment at
manholes, |

minimum sewer size, \

(_.

non-decreasing pipe sizes in a downstream direction,

maximum manhole spacing requirements,

types of pipe that may be used, e.g. concrete,

minimum cover requirements,

method of computation of strength class of pipes.

objective of the design procedure is:

to design the system to carry the maximum flow rates without
surcharging and at velocities which will not cause ercsion, and
to carry the minimum flows at velocities which prevent
deposition of solids,

to minimize the sewer system cost.



AS

The design of the sewer sy;fem usually starts at the upstream end and
proceeds downstream. For each link, the designer selects that combination of
sewer size and vertical alignment which he believes wiil give the cheapest
sewer system ﬁosf.

Up to cbout 10 years ago, the design procedure was p(rformed

manually .
T

——
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2.2 DISCUSSION OF DESIGN PROCEDURE o

In the design of a sewer system rheref_mc:y be several .posible layouts
for the system. There isq‘:wo formula avui|ab|é":;to odvise the ‘designer which
layout will result in the cheapest -comh'ucﬁon cost. In general, he wil}
select a layout which provides for maximum use of the minimum size s;awers
prior to idining them to large size sewers and which in his judgemeént is the best.
The designer may produce a design for orﬁer layouts in order to obtain the
optimum cost. However the expense of producing other designs does not
encourage this approach. |

Once a layout has been selected, the designer selects the pipe sizes
and their vertical alignment. Usually for each link in the ne_hylb'rk, the
designer will select a sewer slope cna enters a nomograph with this slope to
obtain a pipe size to c:rry this flow. Invarigbly, the 'theore-ti‘cal diameter
obtained will not be a com;ner_ciul pipe size. Hence, the designer may
choose to use the first commercial siie pipe greater than thefﬁeor‘eticc'l size
requirement or he may ch;ose to -increczse the slope thereby permitt%g the
use of a commercial size pipe smaller than the theoretical size req;.ﬁremenf.

The cheaper solution for the link depends on the cost trade-off between pipe
cast vs excavation and backfill costs. The choice of the cheapest solution
for the link may not be the cheapest for the sewer system because of the

. 3 .
vertical alignment and non-decreasing pipe size requirements. There are a

\

large number of passible solutions for any sewer system. This is?llush-afed

-~



in the simple example of fig. 3.2.
. In conclusion, it may be stated that the design of a sewer system

is a s'equenﬁcl decision process which makes it impossible for a designer to

consider all the possible solutions in order to obtain the ‘optimum solution. .

Present research is therefore directed to the optimum design of a
sewer system. ldeally, the design method would optimize the layout and

Ay

sewers simultaneously.
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2.3 COMPUTERIZATION OF DESIGN PROCEDURE

“ypeﬁﬁous nafure of the design of sewers is ideally svited to the

use of an <automated solution procedure by computer. )

Sewer desi‘gn pog:kagés have; been developed which comglerely
computerize the design o‘F a given layout using minimum dig as the main cost
criterion.  The ropidity with which the calculations were performed meant that
designs. for other |c|yo‘ufs could be easily obtained. |

One of these packages is that of DiCicco, Sqehngen and Takagi (9).

‘ ]

The advantages of such computer programs consisted ofl the systemization of pro-
cedures, the ropid execution of calculations and a reduction of office costs.
However, such programs may not give an optimum |or cheapest solution.
The sewer size and vertical alignment for_:__eoch link in the sewer network is
selected fo conform to the design criteria and generally to provide minimum
dig. 'Orher'possible solutions for the link are not consi.dered when the.
downstream Ii.nk is designed. The construction cost ‘estimate is mad; after

the design of the sewer sizes is completed. Costs, apart from the minimum

dig consideration, are not an intrinsic part. of the design of the sewer system.
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2.4 OPTIMAL DESIGN OF SEWER SYSTEMS - ' :

2.4.1 INTRODUCTION

An’ optimum solution is defined as the cheapest sewer system

installation cost subject to ﬂ‘me cor.xsfroints imposed 'on the system. It is

" recognised that the cost constraints, particularly the ,instullaﬁAon costs, c;re
not accurately known until tenders for H';e construction of the sewer system are
received, However the designer should désign the sewer system for the ’
cheapest cost'u;ing the i;aest pre'-tende'r cost estimates available. It is
conceivable that, in thle future,, contractors miéht bid on a preliminary sewer
system as a unit price contract, the final system design being determined from
an optimization brogrcm using the tendered unit prices.

It is realized thct. a computer‘ optimization process would not bﬁ;
worthwhile for the design of allesewer systems. Their usefulness is limited
when one considers that. the major: cost of rhé supply and-instailation of a "
sewer i,s exXcavation and Ex:f:kﬁ!l costs. Walsh and Brownl -(39) stated thail*
exéwatién and backfill costs represent about 80% of the _fol'ql cost of the
supply and installation of a sewer. Therefore, it is Vnot worthwhile to use a
computer obtimizution program to design a sewer system for a étaep and

- uniform terrain as the sew'e'r pipes wiii%énetﬁlly be located at minimum
depth. Hov;/ever, in fiat or undulating terrain, a computér optimization is
'- useful . |

As the cost of excavation and backfill decreases with respect to

tﬁe cost of the pipe, the viability of computer optimization programs will

?
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improve. An interesting move, in this regard, is recorded by Mortenson (30)
who  describes a method for installing watermain without th_e use of shoring,
thereby effecting a saving in excavation'ot:td backfill costs.

An important ap’plicéﬁon of computer optimization pl;ogrcms is that
they permit the cm%lysis of fhe effect of the design criteria on the cost of the
sewer system.

The objective of the optiniizuﬁor; is to minimize the sewer system cost
subject to fhe hydraulic anld physical constraints and the cosf data. For a gravity
flow network, the objective function is principally' the sum of the costs of:

1. pi'pe supply ond installation, (including manholes)

2. excavation and backfill,
- and can be formulated as a non-linear function.

The solution is subieclt to the following constraints:

1. minimum dllowable diameter constraint,

2. diameter progression, i.e. non-dec;re'asing dicmeters os design
.pr%ceeds downstream, |
3. invert progression, i.p. invert elevation of downstream sewer must
not be greater than the invart elevation of the conh'iButory
upstredm sen‘uer . |
4. minimum cover constraint,

5. minimum and maximum velocity constraints,

- . .

6. sewer capacity must equal or exceed the design flow rate id



The constraints may be linear or non-linear depending on the

. (/_1/‘
choice of variables for the objective function. N
2 ’ My

heﬁdings:

1.

2.

The process of oPﬁ-mizoﬁon will be considered under the following

~ .
Optimization of Sewer Layout,
Optimization of Sewer Sizes and Vertical Alignment for a’

given layout,

. Optimization of Layout, Sewer Sizes and Vertical Alignment.

S

"2




2.4.2 OPTIMIZATION OF LAYOUT

In this section, the optimization of the layout is considered with
some attention to the hydravlic criteria but with no detailed consideration of
the sewer sizes and _their vertical alignment.

1. Triai and Error

Liebman (24) suggests a trial and’ error method by computer for
c;b‘l'cining a good gravity flow sewer layout. The objective function is the sum
of the pipe and the- excavation cost;'.‘ ‘. Pipe sizes are considered to be Jnifomi
throughout the network . The pipes are v;erﬁcclly*cl\igned to svit the minimum
cover', the hydraulically minimum siope and the invert progression requirement.
Figure 2.1 shows the test problem from Liebman's paper. Figure 2.7a shows
the layout with all the possible links; figure 2.1b shows an initial netwchk
which fomms the starting layout for the computer search. The program examines |
the initial network to find an unused link that could be exchanged for one
link in the initial layout~.  If thigt exchange produces a cost s@ing, the
e;cchc:nge is accepted. Each exchange requires that the search process must
_‘begin all over again. Execution of the search is complete when no
improvement can be made.

- The program was tested using the gravity flow network shown in
figure 2.1, Computer execution times varied from 30 to A905 depending on
_the initial layout adopted. /

. The program does not produce an optimum solution because:

3
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M .the hydraulics of the network are not_. considered,

(ii) the result is dependent on the initial iayout .

{ifi) thc'a !'esult is dependent on the order of searching,

-(iv) " the method is based on single link exch-déwgel (Multiple lin}é
exchange, i.e. exchanging two or more links simultaneapsly,
might produce o chec:pér solution) -,

Holland (18) suggests o.techhiqué for adjusting Liebman's method to

allow the flow rates to be considered. Pipes at minimum gradient could then

be selected to carry these flows thereby providing a more realistic cost

function.

2. Minimum Spanning Network Algorithm

Barlow's method (4) starts with .the-superimposing of a square grid over

the sewer area and detemmining the sewer flow loads in each square of the ‘/'

;grid. Sarting: with the most heavily loaded square adjacent to the outlet, the
process proceeds u..lps.tream selecting the heaviest loaded adjacent squares until
the” extremity of the sewer area is recched. The outcom; of this process is

the identification of the most heavily loaded squares connecting the outfall -
to the extremity of the sewer area. A h'u:nk sewer is then selected to.tro\‘lerse
these squares and join the heov‘iest foads in these squares by the “shortest path

\\I
through many po'“qrsn technique. In the latter, the paths are replaced by ‘the

\

sewer costs. Sewer costs are computed from pipe sizes which are selected from

a table of the minimum and maximum slopes and ﬂ'_\e‘availablle slope. The

e
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hydmulics o\-‘ the sewer system is not considered.

Branch sewers are selected t;sing the same technique.

All the remaining unconnected loads are connected to the branch
n;afwork by Prim's (33‘) method for determining the shorfesf spanning tree.

Figure 2.2 taken from Bcirl;:w's article illustrates -the method.

The procedure was not :'vc:pp‘li:éd to an actual problem. - The procedure
did not consider the stree.f |a;'l<5ﬁt-. |

Dajani, Gemmell and Mgrlok. (6i/suggesr a similar method of obtaining
a good layout by generating the shortesf path trees totalty spanning a given
street layout. It is based on the fact that length is the most important factor
in the cost of routing flow between twoopoinfs‘.

b

3. Other Mathods

Templeman and Wilson (37) attempted to optimize the position of
intermediate manholes within a fixed network layout. They concluded that
it was not practical because manhole locations are primarily located by

building location and street layout.



2.4.3 OPTIMIZATION OF SEWER SIZES AND VERTICAL ALIGNMENT
FOR A GIVEN LAYOUT '

The problem consists of optimizing a non-linear objective function’,
essentially in two vc;riubles for each Iinkfdepfh of excavation and pipe \
diameter - subject to geqme.i'fic and hydrqulic; cons‘rrainfs. The linearity )
or non-linearity of the constraints is dependent on the design variables used
in the formulation of the objective function.

The following optimization processes have been used.

1. Linear Programming

Linear programming requires that:

() the objective function and the constraints be linear,

i) the variables in the objective function be continuous o:er
their defined range.

Deininger (10) formulated a method of solution for a gravity flow

sewer system by proposing an objective function of two variables - depth to

subgrade and the pipe diameter. His objective function was:

n
cpdili * -Sweo ig'kE 6 =)+ G~y

nf~1=

1

.
1

in which;./ '
/cp = cost &f pipe per foot of diameter, )
"di = diameter o e in reach i, 7
:
w '= width of trench,
¢, = cost of e}'f.cavaﬁon ’

Y

17



g9i = surface elevation,
X; = invert elevation of pipe at upper end of reach i, .
yi . = invert elevation of pipe at lower end of reach i,

i = length of reach i.
With this formulation, all the constraints except the velocity

constraints are linear. From Manning's equation, ky2 = d4ﬂ35

where,
k = constont
d = pipe diameter
s = slope

I}

& = y)A
Thus the following inequalities are obtained for each reach:
d; 4/35i > kv? min
di4/35i K kv? max
Deininger noted that the abave inequality equations are convex and
may be approximated by linear segments. With this transformation, the problem
may be solved by linear programming.
Dajani, Gemmell and Morlok (6) used a convex-separable linear
obiecf‘ive function. The objective function is based on a development by
Holland (19) for the design of—grcviry flow sewer systems. The objective

function is a non-linear function in two variables - the sum and difference

of the upstream ond downstream elevations of each sewer. With this
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formulation all the constraints are linear with respect to the two variables.
Thus the problem is to minimize a non-linear objective function subject to
linear constraints. The technique used to solve this is called convex-

separable programming. The objective function consists of the sum of

separate functions each of which involves only one variable. In addition,.
each. of these separate functions is conve)—c i.e. a straight line Iofning any
two points on the function is such thuf.the arc joining the two points lies

below the straight line. Each of these separate non=-linear functions can

-~
<

be replaced by a piecewise linear approximation as shown in figure 2.3.

For each function which is lingarized the following linear constraints must

be added:

o F(Xi) .

n
=YO+_Z- sixi
i=1"

oL xig Axi
X is the umﬁunt of overlap with A x; -

This piecewise transformation of the non-linear objective function
permifs the solution to be obtained by a linear programming algorithm. .The
solution yields the optimal values of the sum and difference of the invert

elevations of each sewer link. The difference of the invert elevations enables

one to find the pipe diameter. Half the sum of the two variables gives the
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Figure 2.3 PIECEWISE LINEARIZATION OF SEPARABLE CONVEX FUNCTION
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upstream invert elevation for the link. The solution gives continuous pipe
e

-

sizes which must be rounded off to the- nearest commercial size. Dajani,
Geﬁmell and Morlok noted that Holland (19) had considered using a random sam-
pling approach and had also experime’hted‘with an iterative technique applied
to the opfimum solution in order to obtain a solutien in discrete pipe sizes.

The program was used to solve several hypothetical and actual
- sanitary sewer problems. The authors had reservations about the practical use
of their program because of the computer execution time requirements. Each
link in @ network requires about 16 rows in the problem matrix. Execution
time rises exponentially as the number of ro&v; increases, and on a CD'C6-400
computer the following computer execution times were used. |

Table 2.1 Computer Execution Times

No. of Sewers Exacu;}p\n Time(s) .

o
6 15
20 &0
30 120

I DaionMsit 7) describe three models- used to obtain ¥he‘optimum
cost for gravity flow, non-sa‘ri;.}, sanitary sewer systems. The models are,
respectively , based on:

‘ () full flow conditions and continuous diameter,

ii) full flow conditions and discrete diameters, and

{iii} partial flow conditions ond discrefé diameters.

Model (i) is similar to that proémm described in Dajani, Gemmell and Morlok
6). ‘ln each model, the objective function is a nOn'—iirieor function i'n two

+

i ———— e
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variables - the sum and difference of the upstream and downstream invert
elevations of each sewer. The constraints can be”fomulated in terms of

~

these two variables and are linear with respect to them.

Model (1) differs from model (i) in the addition of two constraints
for each ‘|ink in the network in orc:ier to obtain a solution in commercial
pipe/sié‘ei. With this formulation , the program may be callt‘ad a separcble -
cor;vex mixed-integer program.

The method of obtaining the two coc;rstraints is as follows. Fof
each feasible pipe size and given flow, there is one slope at which the
pipe will flow full. The product of this slope and the sewer length is
gii, where i = link number, | = pipe ;1umber. Hence for a given volue of
flow«;r.rure, a value of %i will be obtained for each pipe size considered.
If the _di.Fference between the upstream and downstream invert elevations for
sewer 1 is x“,‘rhen

Xy; = @1 or Bip...or ii...or‘ ip.

in'which, p = number of commercial pipe sizes considered. x1; must take

one of the values gii. This requirement is expresSed by the mixed integer

~

equation: o
x1i = G0 By + Bip g + . &ij . Hp Bip

and;

.. . <
&1 + &2 + “'+8ii+ "‘+8ip=]

in which,

b

|=00r1
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With this formulation the progrom can be solved using IBM's Mathematical
Programming - Systém Extended wnh the rﬁixed iﬁfeger programming option. In
mode! (iii) partial flow cm-d,iﬁoh-s are considered. The slope necessary to
obtain a velocity vs in a conduit which is equivalent to self-cleaning velocity

v at full flow, for roughness constant with depth, is given by the following

equation:

S - (Q. )‘5‘ o |

v - ww) *
in which, '

S = slope -

Q . = flow rate

A = flow area

——

and, suffix f refers to full flow conditions. ‘The above equation is derived from
the tractive force theory.

AN

" For a given flow rate 'c':'i-:c‘j pipe size, if 'q' values of v, are considered,
then from the equation it is possible to obtain 'q' corresponding values of S. -
And from ﬁrwe S values, q values of,drop, diiv, may be obtuine'd. Suffixes

i, | and v refer to the line number, pipe size number and velocity respectively.
If P pipes are considered then pq values of giiv will be obtained. These pq ‘

values are entered as data in the program. xq; must take one of these values

and this requirement is expressed by the mixed integer equation:
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in which,

6

R v

=0 or 1 , -

The above equations simplify the objective function because the -

X1t

: term may bg replaced and the piecewise linearization of the xp; term is

no longer required.. In addition, the velocity and pipe size constraints: are
eliminated.
A 7-link non=serial gravity flow sanitary sewer system was solved

L.
using the 3 models on an IBM 370/165 system. The computer execution times

<

and the optimum costs are shown below:

Table 2.2 Computer Execution Times

Model Execution Time(s) Cost($)

i \ 18 21,359
i 'y 33-,47514_" K
iii L l40 7 26,447
The table shows that model (iii) gives the cheapest realisfic (model
i gives continuous diameters) soiuﬂon but the computer execution time is '

excessive. To reduce the con-ipufer' execution time of the more sophisticated

model (iii), Dajani and Hasit utilized the x;. values obtained by running



model (). Theser x13 values were adjusted + 50% and pq feasible values of
G"W to suit- the adjusted xy; values were entered as data into the program.

The computer execution was reduced from 140s to 60s. Thus the totql execution
hme for fhe problem was 78s.

Kuhner and Harrmgton (22) noted the following Eomts regarding the
methodology proposed by Dajani and Hasit:

0] The test problems did not reflect a-problem of real world size

| and computer times increased significantly with an increase in
integer varigbles,

(i) Approgimctel)./ 50% of "the compuil'-er execution time was used
e to prove the optimality. /

(iii) ﬂ;e effeqt of the discretization of the flow velocity was not

| evaluated.

Kuhner and Harringtop suggest that in view of fhé uncertainty in
data and computing costs, and the exp‘ens.ive execution ti.me, computing strategy
-shc;uld aim for a good solution rather than an optimal solution.

~ Fisher, Karadi-and McVin_pie (15) tried an it;aroﬁv.e Jinear integer
programming method. In their formulation of the problem, the objective
fuhction is defined as the sum of the following terms:

). pipe supply and installation costs - a linear function with
commercial pipe sizes as the \}ariable, ‘.

Gi) excavation and backfill costs - a non-linear function with

depth of excavation and sewer invert slopes as variables,
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(iii) lift stations “~ a Jump sum for each station.
To make the objective function wholly linear, a tongenﬁai
approximation method was used to compute the excavation -and backfill zosts.

The equation for these costs was of the form:

2 2 . ‘
Cor = ax,” + bxi + cs:¢ + ds; + ex.s: + f -
2 ; I l | il
—
in which, .
x: = vertical distance from arbitrary datum to upstream invert

5

i = slope of invert for sewer |
[}

a, b, ¢, d, e and f = constants determined from the trench geometry dnd

ground elevations. .
For trial values of xi'and si, the cost is given by:

€2i = )cgi xi + })CZi si + constant
2x |p os ip /

in which, P = discrete pipe size.

*
r——t

The minimum velocity constraint was expressed in terms of slope and
diameter by the folllowing function derived from Camp's (29) theory:

’disi } constant

The disi function was approximated by a series of straight lines, the

end points of which are represented by commercial pipe sizes. This is shown

diagrammatically in figure 2.4.
\

The maxifium velocity” constraint was not formulated in the program.

The solution was simply checked to ensure that the maximum gelocity was n

exceeded.
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Diameter-slope relationship for minimum velocity.  ~...,

Figure 2.4 FISHER et al (15) DIAMETER - SLOPE RELATIONSHIP
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. .
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With this formulation'the problem was completely linear ond_'wc.xs

solved iteratively Using the SIMPLX method on a Univac 1108. Trial values
| o

of Xj and s; were assumed and convergence to the allowable accuracy came

within four iterations. The program was tested on a 5-link gravity flow serial

-~
N,
A%

trunk sewer. No execution times were provided. =

i
—t

They believed that their program was not d substantial impmvehenf
over the trad‘fitional methods of design because:

) of uncertainty of cost data,

(i) Manning's formula does not accurately describe the hydraulic
resistance, -
a ’ ) . -
(iii) selection of velocity criteria is not scientific.

They believe that research should be directed to the analysis of
transient flow conditions.

2. Dynamic Programming

Dynamic programming (DP) is ideally suited to the design of sewer -

systems because: ¥
G) ifne design problem is essentially a sequential decision making
proce:s, ' )
(i)  the formulation of dynamic programrﬁing permits the use of

linear or non-linear functions or constraints,

(iii)  the solution is obtained in terms of discrete diameters.

-
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The concept of the application has been attributed to Hc;il-h'(l 6) and
the following researchers have used the technique:
(i) Argaman, Shamir and Spivak (1,2)

Gi) Templeman and Wilé/on 37)

(i) Walsh and Brown (39) o -

(iv)  Merritt and Bogan (28)

v) Tang, Mays and Yen (26, 36, 41)

{vi} | Meredith (27)

Argaman, Shatnir and Spivak'. (1, 2). uséa dynamic programming for the— —
simulfanéous optimization of the layout, sewer sizes and vertical alignment. The
other researchers opﬁrﬁi{;d the sewer sizes and vertical alignment for a given
layout. )

All the researchers, except ang,.Mays and Yen (26, 36, 41), usedK\/

"the conventional dynamic programming code for the design of sanitary sewers.

Tang, Mays and Yen used an extension of dynamic programming called discrete

differential dynamic programminjg (DDDP) and oppliWethod to the design

of g;ravity flow storm sewers. | S
The application ;;f bDDP to wa}er' Tesources systen_ws. optimization is \-

\d‘é_scr'/TBéd by Heidari, Chow, Kotovic and Meredith (17). The DDDP process

;ioes not require searching through all the feasible siui't;s f‘or‘ the solution.

This results in a reduction in the computersstorage requirements and execution

time as compared to a solution by the conventional code. The method involves

) . . - . -

v | /




selecting a trial trajectory through the feasible states and se;:xrching ina ~

carridor around the trial trajectory to find an improved traiecfory/.'u'e/

SEGI"C"': starts all ov;ar again using the'i ihprc;ved trciecfory.""When the desired

accuracy in H:ne improvement of the rrc-xiectory has /been reached, the design is

complete. Figure 2.5, taken from 'l;c:ng, Mays anc}) Yen, illustrates the pr?:cess.
An int;resfing concept in Tang, Mays and Yen is a rational method

of evaluating risk in the design of storm sewers. From an evaluation of the

uncertainties in the design equations, they have de\ieioped eqyations which

express risk level as a function of the safety factor. The safety factor is

the mean sewer capaclty/mean sewer design flow. The objective function

is the sum of the installation costs and the damage costs. The damage caosts are

a function of the pipe diameter and slope. The designer specifies the acceptable

i

risk level for the p!‘oblem and the optimization process selects rh%‘f:ﬁ heapest
solution. Tang, Mays and Yen develéped three computer models utilizing this
[:;rinciple and applied them to a 9 sewer serial gravity flow storm sewer system.
Mays and Yen (26) used DF; and DDDP for the opﬁmi_zé?ion of branched
gravity flow storm sewer systems. The technique that they used for analysing
the sewer system consisted in decompesing the system into 2Ng + 1 seriu\
subéystems, where Np is the number <;f junctions. The serial.subsystems were then
cnalyseci in a downstream direction in the noyma! manner. They applied this

technique in both the DP and DDDP programs to a 20 sewer branched network .

For comparable accuracy, the DDDP program required 30% of computer time
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required by the DP program. Global optimization is not assured with the.
DDDP program if the cost function is a multi-peak function.

Merritt and Bogan (28) srufeg that theﬂir program produced a cost
saving of 3% over an as built Eystem and that the program was capable c;F
producing cost savings of 10 - 20%. )

Walsh and Brown 39) noted that although the design of sewers is
controlled by the fact that excavation and backfill costs represent nearly
80% of the total construction cost the program is useful, particularly in
rolling terrain. The program will consider all feasible solutions and their
examples showed that cost savings of 6 — 7% could be expected over the

conventional design procedure.

3. Other Methods

Geometric ;;rogmmming has been used by Templeman and Wilson
(37) but no details are readiiy available.

Khanna (%1) suggests that the "aricble metric” method would be a
suitable non~linear programming technique. Afgaman, Shamir and Spivak (2}
replied that they did not agree with this suggestion stating that the large
number of layout and vertical pro%ile decision variables made the variable

metric computationally difficult.



2.4.4 OPTIMIZATION OF LAYOUT, SEWER SIZES AND
VERTICAL ALIGNMENT

Argaman, Shamir and Spivak (1) have developed a dyncmi§ programming
solution for the simultanecis optimization of the layout, sewer sizes and vertical
alignment for a gravity flow sanitary sewer system whose outlet is predetermined.

In their method a network is prepared showing all the possible sewer
connections. An example which is reprbduced from Argé:mcn et al's article is
shown in fig. 2.6.

The drainage directions of each sewer link are determined from the
topography and the designer's judgement. The actual sewer links used in the
optimized onouf are determined by the bprimizc_tion process. Thf selection
of the drainage directions fixes the drainage fines which are imagin.c:ry lines
that join manholes which are the same nur;wber of sewers away from the outlet.
The method of solution follows the typical dynamic programming formulation
described in chapter 3 with the following exceptions:

1. a stage represents all the sewers between adjacent drainage

lines, i.e. the optimization processegoes from drainage line
to drainage line

2. decision variables are the head allocated to each [i’nk and 1he“

drainage directions.

The program starts at the most upstream stage and proceeds downstream

selecting the connectivities and cumulating costs.

33
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fhe program was fested on a hypothetical 10 node, 5 drainage W}N |
gravity flow sanitary sewer network and also an actua}.36 node, 10 drainage
line gravity flow sanitary sewer system,

The authors nofeé that the program is limited by the large amounf of

computer time and cgpprer storage required. For example, the fimt,prgblem

requires 25 min. of computer time if four elevations are checked at each

_ manhole. If five elevations are checked, computer time increases by a factor

of 10, The program, run on an IBM 360/50, required 50,000 words of core
and 500,000 words of disk space.
The authors noted that their formulation did not give an optimum

solution because the cumulated costs are brought forward as a function QF‘

. elevation. No solutions are brought forward which allow consideration of

different connecri'\.rity‘. The authors stafed fhof’ in a typical 20 link network
clpro-grgm to consider diﬁ’el_'enr connectivities would réquire 250 times as much
computer space as the program used. This is not feasible with present day
computers. |

The authors concluded ﬂiaﬂt their progrcm'was only su’if&ble for Smd“,r__.

networks. Large networks could be analysed by decomposing inro{sztgo-systems.
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2.4.5 CONCLUSION

Althoqgh the cost of excavation and backfill amounts to about 80%
of the total construction cost of a sewer network and hence minimum dig is
the major cost.criterion, the application of optimization techniques to fixed
layout networks indicates that savings up to 10% may be achieved. Savings
may be increased if other network layouts are considered.

It is recognised that these cost savings may be anticipated values.
They cannot be considered real values becquse ;'Jf the uncertainty attached to
the unit prices used for the opfimi_zaﬁon'proces;.

It appears t{;ct the simultaneous optimization of layout, sewer size and
vertical alignment is fhot feasible for |arge. networks due to the farge amount of
computer space and-execuﬁon time required.

I(Aethods are available to obtain a good sewer layout. These methods
give some consideration to the hydrcu!i';s of the network. ”

" The two most common techniques adapted for the optimization of
sewer sizes and vertical alignment are linear and dynamic programming . The
linear programming researchers have not produced a program which will solve
a proble.n{ of any size because of the high computer ‘storage and execution
times required. DP and DDDP programs appear to be the most practical. DP
programs have been developed which can handle a 200 manhole network.

One prime advantage of the optimization techniques is that they permit

sensitivity analysis to be performed on the design- criteria.
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\
Further research to improve sanitary sewer design could be directed to

transient flow conditions and the:probabi{istic concept of sewage flow.

. e e e b T



CHAPTER 3.0 DYNAMIC PROGRAMMING

In this chapter the application and computational efficiency of
dynamic programming Iwifh respect to sewer design is discussed,

The concept of opplfing dynamic programming to sewer design has
been attributed to Haith (16). Haith considered the head av;:ilable across
the sewer system to be a s{cq.rce resource which has to bé oHoccﬂ'ecIK amongst
the sewers so as to minimize the total cost of the sewer system. A definition

diagram showing the available head for a simple serial system- is shown in figure
3.1. -% 0
The available head for the system is defined as the difference in the
lowest feasible energy line elevation at the downstream end of the outfall
sewer and the energy line elevation at the upstream end of the first or
stoge | sewer. The latter elevation is fixed by the minimum cover requirements.
For sewers designed by the full flow assumption, the energy line is taken to be the
inside top of the pipe. For partial flow analysis, the en.ergy line is given
by:
energy line elevation = invert élevoﬁon + depth of flow
+ velocity head
The c':opt.':mum outfall energy line elevation may be equal to or

greater than the maximum outfall elevation providing the minimum cover
‘ -
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Figure 3.1 PROFILE OF SEWER SYSTEM FOR FULL FLOW CONDITIONS
AND SHOWING AVAILABLE HEAD
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requirement is adhered ¥o. The available head or part of the available head_
is allocated to stages 1,.2 and 3 to obtain sewers which meet jrhe design
criteria.  There will be a solution for each- outfall energy line elevﬁﬁoﬁ
‘considered. - _The che:apesr solution is. selected.
The dynamic programming process starts at stoge 1 an;:] proceeds dbwhstream,

i.e. it is an initicl value problem. At each stage, several values of energy line
_ . .

_—

elevation, or state, ot the downstream end of the stage are conq'\mi{_:a?\ For
each state value, several values of decision, or alldccted head, are considered.
For each feasible, state and decision combination the smallest suitable sewer is
selectéd; in addition, the accumulated cost of the sewer system to that state |s
calculated. For each value of state, that solution which gives the cheapest
cumulated cost is selected as beiﬁg the best solution. The decision and the
cumulated costs for the best solutions are stored. The procedure is repeated

: i
until the final or outfall stage is reached. At the outfall stage, the cheapest |
system cost is selectedstind the precess is rerraced'upstr;am to retrieve the
optimum solution for each stage. The me}hod is shown diugrommaﬁco!lf in
figure 3.2. In this figure three dpwnstream state values are considered at
each sfqge. The cheapest cuml;dafed sewer system cost to the state is circled.

,

_ The best sewer location is indicated by the line; the sewer size is above the
line, and the stage cost is below the line. The values shown -in the figure

are for the purposes of illustration only. The optimum solution is indicated by

the heavy line.

<



>

sfagé 3

stage 2 ~ stage 1
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In the terms of dynamic programming, the design of a sewer system

may be stated as follows and is illustrated in fig. 3&:\/

i\Obieche: To minimize the total .cost of the sewer system.
Stage: - Sewer +°munh;)|e(s).
—— ' State: Sewer energy line elevation (NS).
; Input: Upstream state .
"Decision: Amount of head aljocated to the sewer (ND),
Qutput: Downstream = upstream state + deci.sion:‘f.. E

-t

Return: - Cumulated cost of the r;ewer system. (FSBEST).
The cémpututionul 'advcntqge of dynamic programming over an
exhaustiv& search technique lies in the principle of optimality. In Bellman's
(3) words, this principle states:
—. "An optimal policy has :he property that whatever the initial

state and decision are, the remcining‘ decisions must constitute -

an optimal ‘bolicy with regard to thelstafe ;'esu?ﬂng from rhe

first decision.™

This megns that only the best solution to each state need be
considered il’"l the optimization of subsequent sfﬁgé;':: The exhaustive search l‘
technique requires-fhut all the solutions be considered. The computational
efficiency of dynamic programming over exhaustive sear'ch will be shown by

p :
comparing the number of additions and comparisons required by both methods for

a simple problem.

L
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Consider a 3 stage problem with 4 possible .states for each stage.

3

-

problem is shown diagrommatically in figure 3.4. The state and decision

increments are equal, e.g. 1 foot.

b

" The feasible decisions for each stage are given in the following

table .
Table 3.1 Feasible Decisions
Stage State at Downstream No. of Feasible
End of the Stage Decisions
1 1 1
2 1
3 1
4 1
2 . 1 1
2 2
3 3
4 4
3 1 1
2 2
3 3
4 4

Q

The

[\
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Tnitial value

Figure 3.4 DIAGRAM TO ILLUSTRATE COMPUTATIONAL ADVANTAGE OF
DYNAMIC PROGRAMMING OVER EXHAUSTIVE SEARCH TECHNIQUE

oy
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Exhaustive Search

In an exhaustive search, the number of feasible solutions for each
outfall state is given by the following table.

Toble 3.2 Feasible Solutions

Outfall E Feasible

State Solutions
1 . -
2 1+ 2 =3
3 1+2+3 =6
4 1 +2+3+4 A: 10

- J
Thus for an exhaoustive secrch_technique, a &:fal numger of 20 solutiqns must

- ~-

be examined.

To determine the total cost of each solution, 3 costs must be added.

Assuming se costs are added two at a time, e
number of additions = 2 x 20
= 40

To find the cheapest cost, all the final costs must be compared.

Hence,
number of comparisons = 19
Therefore,

. ; <
number. of calculations = 40 + 19

i
(8]
o
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Dynamic Programming

]

number of additions =2 (1 + 2 + 3 + 4)
=20
number of comparisons = 2 (1 + 2+ 3) -
=12 .

Therefore ,

number of colculcﬁo’ns = 32

\ The resulrs‘shc;\.v that even in this simple prob#®m a saving in

cclc;uicfions of 46% is made when the dynamic programming technique is used. ~

in o more general case, let's consider thatthere are N stages and S
' feﬁsib]e states in each stage, and, as in the previous example, the state and /)
decision increments are equtl; and state 1 is one increment be!w‘r the state 1
for the upstream s‘tuge.

\
. For the exhaustive search technique, the number of computations is:

S -1 : ' ‘
N Y  S-X K+1) =1
X'=0

For dynamic programming, the number of computations is:

s
2N -1) ) X-N-1s
X =1

Suppose we have a broblem with 100 stages and 10 feasible states
v
in each stage. '
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| 9
10 ) 00-X) X+1)
- X=0

For exhaustive search,

number of calculations

A

= 21,999
For dynamic programming,
. 10
number of caleulations = 2 (100~ 1) Z X --(100 - 1) 10
- : X =1
= 9,900

‘The computational savings are not as spectacular as in other dynamic
programming applications 31) because the number of states and decisions is
small. 1t should be noted too, that if state 1 was more than one increment
below the upstream state 1, there would be more exhaustive -sec:rch solutions;
however the number of dynamic p.rogrumming solutions would remain the '@e_

The choice of head as the 'decision’ in the dynomié, programmin;
prc-ncess appears to be the best method of cpp'lying_ dynamic programming to
sewer system design. It permits the states and decisions to be incremenfecf-
uniformly and this permits easy storage ond retrieval of data. lf‘, for
instance, pipe diameter ‘was the decision varigble, non-uniform state and decision
increments would occur' ond this may make . difficult to store and retrieve
data. . _ -

In copc!usion it may be stated that sewer system design may be sofved -
by dynamic progmmnji.ng by treating head as a scarce resource and allocating the
m{ailable head amongst the sewers to obtain the cheapest cost. The method offers

computational odvantages over an exhaustive search. technique.



CHAPTER 4.0 PROGRAM DESCRIPTION

4.1 OBJECTIVES IN WRITING THE PROGRAM

1

he

The objective in writing the program was:

1.

to produce a progrem which would design gravffy flow sanitary

sewers for a fixed branched sewer layout, &

2. to provide dimensional flexibility to suit user requirements,

3.

4.

5.

to provide a simple identification system for entering the line

data, and storing and retrieving design data,

to make it simple for the program user to enter or select design

v
criteric and unit cost dota,

to provide for drop manholes and for mandatory sewer elevations.

&
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4,2 INTRODUCTION

The program permits the user to enter his own design and cost- c_riferit.:
either as data or as functions.

An importunt feature of the program is -Jthe manhole numbering( system,
the branch numbers and the order of entering the line data. ~ This will be
described wi;h reference to figure 4.1.

A decimal system of manhole nufnbering was adopted. The integer
p::rt of the upstrecrﬁ manhole number i the branch number. The sewér number
or stage number is implied by the order of entering the line data. .

“Manhole numbers are assigned thus. The outfall manhole is numbered
'I.l-. ‘Manholes on the main sewer line, i.e. branch no. 1, c;re numbered
1.2, 1.3; etc., as one proceeds upstream. It is immaterial which branch is
selected ds the main sewer line. When all the manholes on branch no. 1 have
been assign-ed numbers , Bjcmch no. 2, the next upstream branch is designed.

It is immaterial whether the branch to the left or right of manhole no 1.2 is
ussigned as branch no. 2. The process is repeated working in an upstream
diraction until all the manholes in the network have been numbered.

This numbering system has the following features:

1. manholes are easily located, - ’

2. intéger part of the upstream manhole number is the branch number,’

3. comparison of upstream and downstream manhole -number for a line

enables junction manholes to be identified.

‘\
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line number -

( 1.1 manhole number

Figure 4.1 NETWORK FOR TEST PROBLEM 1

e
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The order of entering the line actu, i.e. manhole numbers, ground
elevations, etc., is as shown by the line numbers in figure 4.1. The line
data is stored in arrays; the position in the array is given by the line number.

To ensure proper storage of design data on the scratch file , for sewers upstream

of a junction the sewer on the lower numbered branch is assigned the lower

numbéred line number, e.g. line nos. 8 and 7 are not interchangeable.
. {l ,

Solution data is stored in the progrom as a function of the state.
States are measured positive downwards from a state datum which is the highest

feasible energy line elevation in the system. The best decisions for each state

_and stage are stored on the scratch file in a location identified by the state

and stage.

The dats entered by the user includes the design criteris;.:, cost data
and cotlection system -dafa. The collection system data may include any
mandatory sewer elevations. The program locates the state datum and reduces .
all the elevations to state values which are measured positive downwards from

the state datum. Design commences at the highest numbered branch and

finishes on branch no. 1, Costs are cumulated as the deﬁign proceeds

downstream. At the outfall stage, the cheapest solution and corresponding
state is selected. The optimum decisions are then retrieved from storage and
the optimum design Is finalized. A two pass methed is used. In the first

and second passes, the state and decisions are incremented in 1 ft. and

0.1 ft. units respectively:. The first pass defines the area of search in the



second pass.

Generally , values which are commen ‘-to more than one function or sub-
routine are passed through a common file to sc;ve‘storug-e.

The progrem consists of a prbgrcm, two subroptine'subprogmms and éighf

function subprograms as listed below:

1. progrc}:p SEWER’

2. funcy*.%n PRICEP (CUT, DIA, PLNGTH)

3. function PRICED (HEIGHT, DIA)

4. function PRICES (HEIGHT) | s

5. subroutine  DESIGN (COSTJ, DGELEV, DTEMP, ELCU, ELCL
ELELEV, FSBEST, FSOPT, ISTAGE, 1ELCU, IELCL, IDBEST,.JNS,
KTIES, KDEC, KSTAGE, PDIA, PENERGY, PE)tOST, PSLOPE,
PQFULL, PVFULL, PVMIN, PYMAX, PDEPTg, PDROP, PMHLSS,
PINVDP, PFALL, PUINV, PDINV, PIPEJ, SDIAM, SDIAMJ,
UGELEV, XJN, LINES,NJMAX, NBRNCH, NSMAX, LAYMAX,
- NRUN) )
6. function - LOCATE (J, LOWEST, INCRMT)

7. subroutine FLOW

8. function - PIPE1 (KN, KX, SDIA)
?. function PIPE2 (KN, KX, SDIA)
10. function CSTPM (KN, KS, KX)

11. function COSTM (KKN, UUCUT, DDCUT)

1
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bl

Program SEWER and functions PRICEP, PRICED and PRICES aresupplied .

o —em e mn

by the user.

.
-

Given any configuration of the sewage network, the program will

design the sewer system to provide the cheapest cost.

The prog-rcm‘was developed from a serial general dynamic programming
code contained in V‘Kuesrer and Mize (22) The program was written for use on
a CDC 6400 com-puter. One scratch file is required. |

It should be \noted tht tine flowcharts included in the appendix are
intended to show the ideas q\%d‘.'ll-ogic of the program. For complete details,

the reader should refer to the-progrum listing . S | ' \



4.3 PROGRAM SEWER

The function of this program is to:

1. set up the necessary storage arrays for use in subroutine
DESIGN and assign values to intdgefs used in the dimension -
sfagemerﬁ.

2. read in datg defining user \idenﬁﬁcdﬁon, the number of problems,
and cost data. A flog integer ICOST is used to specify w.hefher
the costs are defined in terms of data points or as function
routines.

3. call the main prograrh, subroutine DESIGN for each problem

"to be solved.
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4.4 USER SUPPLIED COST FUNCTIONS

ions §Vused to compute costs if |\COST =1,

The following fun

. \
sed to compute the supply and jnstallation cost

Function PRICEP is.\
. ‘ /

of the sewer.

Function PRICED is used to cor-hpufe the supply and installation cost
of the drop pipe. R .
Function PRICES is used to compute the cost of the manhole shc:;ff:

Details of these functions will be found in the program listing in -

the appendix.
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4.5 SUBROUTINE DESIGN

Subroutine DESIGN is the main program. It is calied for each
problem.

The function of subroutine DESIGN can be divided into three
sections:

1. input section,

2. design section,
‘qﬂ

o5

3. recovery and output section. ~
. , : ¢
1. Input Section _ - ' /\

[Fad

. - ke
“In this section all the relevant data for the problem are entered. This

" includes the problem name, hydraulic and physical criteria and sewer system

data.

. hY
One of the hydraulic input criteria is the value of the variable,

SIGNé. _lf SIGN3 = 0., hydraulic computations are carried out by full flow
analysis .C In the latter, the sewer is assumed to Fllp‘\.v full, H’l‘e-ena'rgy line is
assumed to be coincident with the inside crown of the sewer and the inside crowns
of sewers are made continuous at manholes. If SIGN3 = 3., hydraulic

.

computations are carried out by partial f\ow analysis and calculations are based

on the tireoretical energy line. .Bol_h methods assyme that steady state conditions

apply. : /
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2 . Design Section

The purpose of the design section is to design the cheapest sewer—
system subject to the physical and hyamulic constraints imposed on the system.

The subroutine selects downstream states for each sewer and finds the
‘checpest accumulated sewer costs to suit‘ these states. At the outfall stage, fhe-‘-r'
cheapest or optimum cost is selected, the optimum path is traced upstream and
'th'e design is finalized. .

‘ The subroutine 6;:>erates on a two pass system in order to reduce
computational time. In the first pass ;’ne subroutine uses an incremental value
of 1 ft. (100 'units') for state and decision variables. The first pass sets the
area of search in the second pass Y feet above and below the first pass
optimum energy line, providing there are no limiting constraint elevations. In
the second pass, the program defines the state and decision variables in .
increments of 0.1 ft. (10 units). i

The functions of the design section are carried out in the following -
order.

G) Calls Subroutine FLOW

¢

The design process commences by calling subroutine FLOW to ;E :
. . iy

compute the maximum and minimum flow rate in each sewer. The
maximum and minimum Flovv‘ rates are stored in the arrays QDMAX()
and QDMIN(Q)} where | is the sewer number.

i

Subroutine FLOW is described in section 4.6.
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(i) Assigns Junction Manhole Numbers

Junction manholes are identified by the manhole numbering system.
If the integer part of the upstream manhole number is not equal to the
integer part of the downstream manhole number, then the latter is a
,—‘/ . ’ R )
junction manhole. The subroutine searches through the manhole numbers
2in the sewer system, identifies the junction manholes and stores the
junction manhole numbers in the array XIJNMNJUNC), where NJUNC

is the identification number for the junction.

(iii) Computes the number of sewers in each branch and number of
branches '

The subroutine determines the nugxber of sewers in écch branch
by searching through all the upstream manhole numbers. Those with
the same integer value are on the same branch and are summed. The
number of sewers in each branch is stored inj the array KBRNCH(}

where | is the branch number or the integer part of the upstream

I

manhole number. -
To ensure proper storage of the best d-ecision and retrieval of

the best decisions and retrieval of theloptimum decision, the sewer

numbers in any br;::nch must be consecutive values. Hence the sewers

tributary to any branch must be considered part of that mench but

‘withhe exception that they are trec;fed as dummy sewers. This is

illustrated for the test problem 1 layout shown in figure 4.1.

[
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For this network -
KBRNC&Q M = 11 (ncludes 6 dummy sewers)
w2 = 4  (includes 1 dummy ;f,ewer)
L 3 = ]
" 4 = ]
WS = 1

(iv) Selects the highest, furthest upstream ground elevation and the
corresponding branch number '

The program searches through all the upstream ground elevations
of the first sewers in each branch. The -variable UGHIGH is assigned

to the highest value. The corresponding branch number is assigned to

LLHIGH.

(v) Selects the State Datum

The state datum is the Upsltream energy line elevation at the
highest, furthest upstream manhole.

For full flow design, the energy line is considered to be the
.inside top of the pi;;é. For partial flow‘design, it is not possible to
predict the location of the energy line, thus it is assumed that the
energy line elevation is at the pipe centre-fine.

The state datums are shown diagrammatically in fig. 4.2.



Stage NI

‘ : UGHIGH
| . v
_ ‘State datum
' $ states positive
/ downwards
: .
1 Full Flow Analysis |
\\\ .
Stage N1 > UGHIGH
——e
State datum
_ states positive
S : " downwards

Partial Flow Analysis

Figure 4.2 DIAGRAM SHOWING LOCATION OF STATE DATUMS
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i (vi) Converts all the elevations to state values

Ground elevations, constraint elevations and the outfall b_levation:
are reduced fo.sh:i'e datum. States are measured positive downwards
from the datum and are converted to integer values by multiplying by
100.

If SIGN 4 = 0., all states must be to the necrest\hundred unit.

r

If SIGN 4 = 4., all states must be to the nearest ten unit.

(vii) Controls the order of computation of the branches (7’2
The order of computation is given by_ the mcrflhole numbering system.

The highest numbered branches are .designed first. r .
The program designs the sewer system by startfiﬂng on the highest

numbered branch, KSER, and finishing on branch f1. -

{viii) Determines the lowest, N1 and highest, NSTAGE, sewer
numbers for the branch

The program sefects the upstream sewer number, N1, and the
downstream sewer number NSTAGE, by searching through the upstream
manhole numbers and utilising. the array KBRNCH(I).

(ix) Controls order of solutioﬁ in the branch

. The program controls the order of solufion from the upstream sewer

to the downstream sewer in each branch.



-

\ Any mohdatory elevations have priority over the foregoing assignments.
s |

*

(x) Assigns JU, JL and IDBEST for the dummy sewers
Dummy sewers are removed from the actual design process. They.
are selected By the fact that the value of IUMHN is not equal to the

branch number.

To ensure continuity of the design process, the critical upstream

state [imits are tronsferred to the next downstream stage.
All the best decisions are set equal to 0,

(xi) Sets the limits for the state variable NS

The subroutine determines the minifnum and maximum state vult;es
at the downst;'ecm end of each sewer. The method of computation of
these values in the first pass is shown in figure 4.3, ’

FACT is a variable which is used to tryto adhere to the minimum
cover requirement. In the most upstream state of any branch, FACT
is computed as per the :ﬁe’thod of locating the state datum. For other
stages, FACT is computed from the first feasible pipe computed in
the upstream stoge. )

The pipe thickness is assumed to be that of reinforcgcib'::bmcrere

ASTM ¢76 B wall.

In the second pass, the limits are obtained from the constraints

" set Y feot above and below the optimum energy line derived in

the.First pass.

5/,,

jK
K
i.

PRI IS R



minimum

minimum
state Y.

Full Flow Analysis

A

minimum
cover

minimum

Y \v maximum state

——

maximum
cover

maximum state

state - _ ’
FACT R

y ¥

Partial Flow Analysis

Figure 4.3 DIAGRAM SHOWING METHOD OF COMPUTATION OF

STATE LIMITS
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(xii) Sets the upstream state limits JU AND JL

The .subrourine sets the upsh’o&m state limits to ensure that only
state~dacision combinations which have feasible upASfrcom contributors
are used,

For stage NI se\;vers', JU and JL are assigned the valves of the
"~ minimum qnd maximum upstream states respectively. For other sewers,
JU and JL are assigned the values of NS and HS, respectively, for

the upstream sewer.

xiil) Sets the limits for the decision variable ND

The decision variable is_the head allocated to 'eoch stoge in
increments of 100 (1 foot) and 10 0.1 foo!) in fh‘e first and second
pass respectively.

The low decision value in each pass is one increment,

in the first pass, the maximum decision value is the difference
between the maximum state at the downstream end of the sewer and_
the minimum state at the downstream end of the upstream sewer.
The latter states are computed as described previously .

in the second pc:.;,s, the maximum decision value is computed .
frgn the state elevation constraints computed In the first pass. The

¢ .

“maximum decision value is the difference between the maximum olevation
constraint for the sewer and the minimuin elevation constraint for Yhe
upstream sewer., The subroutine checks to ensure that o branch or dummy
sewer is not used in the calculation. The method of computing the

maximum decision is shown in fig. 4.4.




stage

]

minimum

state ¥Y_

maximum

state Y_

_—

v

-

minimum state

Y

maximum state

\— region of feasible -solutlons

&——— flow direction

maximum
decision

Figure 4.4 DIAGRAM SHOWING METHOD OF COMPUTING MAXIMUM

DECISION IN SECOND PASS
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(xiv) Sorts ;‘Ju_nction Costs_‘

o

Prior to designing a sewer downstream of a junction the pfogram
sorts the brﬁnch coslts to ensure that the cheapest .fecsible branch cost
and the corresponding dicrﬁet;r is considered for the sewer downstream
of the junction.

(xv) Selects feasible state and decision combinations

The subroutine ensures that only those state and decision combin-
ations which have a feasible upsfreqfn contributor are consic.!e‘red. This
Is done by compqring lrhe upstream state, given by the state and
decision, with the upstream state limits JU and JL.

(xvi) Computes the best pipe size for each state in the stage .

For each feasible state and decision combination, the subroutine: =
computes the sewer size by co“ing either function PIPEl or function
PIPEZ; computes 'the stage cost by calling function CSTPM; computes
the cumulated cost ENSXN.

The subroruﬂne then selects and stores the cheapest cumulated
cost for that state, the assoclated decision and pipe slze in the
arrays FSBEST, IDBEST and SDIAM. Tied solutions are Indlcated and
broken In favour of the lower valued decision. Solutions which have

a pipe size greater than the maximum allowable dlameter, are

discarded.



When all the best solut-ions For‘ec-:c_:h state are selected, the
pipe size; ‘and cumulated costs are st'gred in the arrays DTEMP
and FSOPT for use in the design of the downstream stage and the
Best decisions IDBEST are store;:! on rscra?ch- file .
If tbe stage 1s the outfall stage fc;r a branch, the pipe sizes
and’ cumulated costs are stored in the arrays PIPEJ and COSTJ
respectively. |
An example showing the method of storing the best decision for test

problem number 1 is shown in figure 4.5,

(xvii) Selects Cheapest Sewer System Cost

" The program searches through the outfall costs to select the
cheapest, the assoclated state and decision.

3. Recoveryand Output

The function of this section is to retrieve the optimum decisions from
the scratch file , re-calculate the optimum pipe data, calculate vertical
alignment data and print the results,

The process takes place branch by branch and travels in the opposite
direction, with respect to branches, than that of the design prééess i.e. recovery
starts on branch f1 and finlshes on branch #KSER. | | |

The process starts by putting the scratch file In reading mode and at
the beginning of the location of the stage GNISfAGE ~1) best decisions In

preparation to read these declslons.



" beginning of data storage

W ' end of dcru storuge
5.,4,3 2 1

[

branch no. |’ - ke

sowor no: | 4][e[elilz] {83 (o) b1 21 (3] 4} (B e 73 80 %) 18

D best decisions
~
i) best decisions for dummy sewers

Figure 4.5 DIAGRAM SHOWING ORDER OF STORAGE OF BEST DECISIONS
ON SCRATCH FILE




As the optimum outfall squa and deci_sion. aré known, the op.ﬁrnum
state for the stage (NSTAGE-I) is known and henci the opfin'iun_} decision can
be located and read from the scratchfllp.. The flj.ie.' is then bcckspcc-ed to
the front of the (NSTAGE-2) best decision location and the proce§§ is repeated.
This process continues until afl the optimum decisions for the branch have been
retrieved.

_If the downstream manhole of the s‘tuga under design is a junction man-
hole, the state at this manhole is stored in the array JNSNJUNC) for use in the
retrieval of the optimum de'C'IS'IOﬂS for the branch sewers tributary to the junction.
The state value; stored is the maximum possible state value for the branch outlet.
A routine ensures that the state value which provides the minimum feasible cost
solution for the branch is selected.

When all the optimum decisions for a branch have been. retrieved ,
program execution proceeds to the re-calculation of the optimum pipe data and
the calculation of the vertical alignment data. The latter colcwlaﬂons are
parformed in the downstream direction.

When a dummy sewer, represented by a zero dec!sion,/ is encountercd

the subroutine assigns the data for the upstream sewer to the [dummy sewer 1o

ensure continuity in design. N
N\

The sewer data is stored In arrays during design. On completion of
the design of a branch, the recovery -process goes to the next upstream branch. -

Whon a!l the branches have been designed the sewer design dota is printed.




4.6 SUBROUTINE FLOW

<

Subroutine FLOW is called from subroutine DESIGN. It computes the

design flow rate QDMAX and the minimum flow rate QDMIN for sach sewer

-~

-in the network. QDMAX is the surﬁ of the peak domestic flow rc:.t_e, and the

average commercial , industrial and infiltration flow rates, and QADN%D

is an additional flow. QDMIN Is the sum of the average domestic, commercial
industrial and infiltration flow rates, and QADD. TIFAPMI}( domestic Flow is .
obtained by mulhplying?fhe average domestic flow rate by a peaking . focfor
The subroufine uses the following data from the CODAMON file:
ACRES, DMHN, PEAKFS, POPD, QADD, RCOM, -RDOM,‘ RIND,
RINF, TYPE, UMHN, ”
A descriprion‘of., these variables will be found in Appendix 2. if PEAKFS = g,

the following peaking factor formula is used:

PKF = A8 + P.)/ @+ AfF ) ~ 4
s .
where, _ \ | \
~ ‘ Loy
P. = cumulative population tributary to the sewer in thousands.
If PEAKFS = 1, the following peaking factor formyla is used: /
PKF = 5/p0.2

The peaking factor is rfsframed between upper and lower limits PKFMAX and

PKFMIN ‘
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4.7 FUNCTION PIPE] (KN, KY, SDIA)

Function PIPE] is called from subroutine DESIGN for each feasible
state and decision combination to compute the pipe size, if full flow analysis
is specified. Function PYPE1 selects the smallest pipe to meet the requirement

that the sewer capacity exceeds the maximum design flow QDMAX. The

" subroutine checks to ensure that the velocity for the maximum flow is not

greater than VMAX or less ﬂmn VMIN. The minil}n(um v;aiocity in the sewer is
computed using the minimum flow rate QDMIN; héwver this velocity is not used
as a criterion for ‘;iesign.

The input arguments are the stage number KN, the downstream state
KS and the smallest permissible dicmeter SDIA. The SUbro;Jﬁne uses the following
values from the COMMON file - C;IA, DIAMAX, G, NPIPES, PI, QDMAX,
QDMIN, RMANN, RUN, VMAX. AND VMIN, a description of these variables

will be found in Appendix 2. L .-

F

Smging with the smailesf pemmissible diameter the function computes
/ . '

.
h

the sewer capagity by Manr'ting'g equation. The pipe diameter is incremented
until the sewer cupoéily- exceeds the maximum design flow. The full flow

velocity VFULL, is then computed by; Kutter's equation. Kutter's equation is

. Y .
recommended by the Ontario Ministry of the Environment for minimum velocity

calculations. ‘ ’ o~ ¢ ‘ -~
- \‘- > { ‘.

v

The foll flow velocity is compared with the minimum fulrf\lw—ve}oﬁw

»

for self-cleansing, ‘\{_MIN.‘ The pipe size is increased until the minimum velocity
B T it A

!
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requirementfis equalled or exceeded.

The full flow velocity, 7VFULL is then compared with the allowable
maximum velocity. 1f VFULL does not exceed the allowable maximum velocity,
the design is completed with the assignments of PIPEl, VMINP, VMAXP,

DEPTH and ENERGY. VMAXP is assigned equal to VFULL. VMINP is computed
" from Pomeroy's equation. DEPTH and ENERGY are both assigned values of

zero; actual values arem required becgtﬁse t’na crowns of sewers are made
continuous for full flow conditions. |

If VFULL exceeds the maximum allowable velocity, 'gxecution proceeds
to the drop manhole section of the function. In thi;;,;;g;tiop}ﬂi*he maximum
feasible slope for the pipe size being considered is cdjrni:m'l'ed from Manning's
equation. The sewer capacity for this slope is computed from Manning’s |
- equation; if the sewer capccify‘is less than the design flow QDMAX, execution
retumns to the beginning of the function. If the sewer capacity exceeds the
design flow, the full flow velocity is calculated from Kutter's equation. If
the full flow velo;:ily is less than or equal to the permissible maximum velocity,

a check is made to ensure that the head is less than the fall and then the

P

- {
if the full flow velocity exceeds the maximum allowable velocity, the

final assignments ore made and executio\n retums to DESIGN. ,

sewer slope is decreased subject to the slope exceeding' the minimum slope. The
drop manhole routine is then executed with the new value of slope.

A definition diogram for a drop manhole is shown in figure 4.6,



fall drop

Figure 4.6 DEFINITION SKETCH FOR DROP MANHOLE
full flow analysis)

s
-
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" In the event that the design requirements cannot be met, function
PIPET sets PIPE! equal to the default pipe size, DIA(NPIPES).
| Subroutine. DESIGN discards any solutions incorporating the defauit

pipe size.

75



4.8 FUNCTION PIPE2 (KN, KS, SDIA)

Function PIPE2 is called from subroutine DESIGN for each feasible
state and decision combination to compute the pipe size if partial flow
analysis is specified. The function selects the smallest pipe fo meet the
requirement that the sewer capacity exceeds the maximum design flow QDMAX
and to meet the velocity requirements. ‘

Function PIPE2 is similor to function PIPE] with the following
exceptions:

1. partial flow conditions are analysed,

2. the maximum velocity constraint VMAX is assumed to pertain

to the actual velocity in the sewer for the QDMAX flow rate,
rather thcu; the full flow velocity,

3. sewers are designed to ensure a velocity equivalent in self-
cleansing action to that of the same size sewer flowing full at
velocity VMIN,

4. Manning's equation is used fhroughou.t,

5. Manning's roughness coefficient |s assumed to vary with depth.

For computational efficiency a semi-graphical mgthod was adopted for computing
hydraulic properties.

The actual velocity in the sewer is computed by means of the
hydraulic elements chuﬁ shown in figure 4.7a. This chart is reproduced from

the Design and Censtruction of Sanitary and Storm Sewers (12). The d/D
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ratio is obtained from the Q/Qf ratio. The v/Af ratio is obtained from the
d/D ratio. Hence v s obtained. |

The sewer slope to obtain equal self-cleonsing' action 1s cémpured by
means of the hydraulic elements chart sho;.vn in figure 4.7b. The ratio S/5f
is obtained from the ratio Q/QF and hence S is obtained. The actual slope is

then compared with the value S.



4.9 FUNCTION CSTPM (KN, KS, KX)

Function CSTPM is called from subroutine DESIGN for each feasible
sewor size considered for a stoge. The function retums the cost of the sewer
and manholes for the stoge .

Th; input c;rgumenfs are the stage number KN, the downstream state
KS and the head allocated to the sewer KX. The function uses the following
variables from the COMMON file - DROP, ENERGY, ICOST, IDGS,‘ UGS,
PIPE, RUN, SIGN3. A description of these variables will be found 1;1
‘ Appendix 2. |

The function computes the average cut or depth to s;ubgrudo. Alowance
is made for drops. The cost of the pipe is H;uen c;:mputed from the cost
array CPLF or the cost function PRICEP depending on the value of the signal
ICOST.

CSTPM calls function COSTM to compute the appropriate manhole
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4.10 FUNCTION COSTM (KKN, UUCUT, DD;UT)

Function COSTM is called from subroutine CSTPM. The function
returns the cost of the manholes for the sewer.

The input arguments are the stage number KKN, ti;o upstream cut
UUCUT and the downstream cut DDCUT. The funéﬂon uses the following
variables from the COMMON file - CBOX, DCLF, DROP, G, ICOST,
NSTAGE, "N1, PIPE, SCLF. A description of -these varicbles witl be found
In Appondix 2.

For fhe uppermost sewer In any branch, the cost of the upstream
and downstream manhole Is calculated. For the most downsiream sower in any
branch, there are no manhole costs.  For other sewors there is a downstream
manhole cost only.

The manhole cost is the sum of *ho manhole chamber CBOX p!us the
shdff cost. |

‘Whero a drop manhole is required, o_ﬂwr than where a branch outlet
joins a junction manhole, the cost of the downstream manhole for -thé- -provlous
stage must be updated, Tﬁe extra cost for the shhﬂ and drop plpe is included
In fh;a cost for the stage under design. |If the drop is less than 2'f0", the
drop pipe cosf.ls_ser equal to zero. .

No\ drop pipe costs are included for o branch outlet plpe which enters
u‘lluncti;'m maonhole at an elevation higher than the main sewer.

Shaft costs and drop pipe costs are computed from cost ﬁrrqys or cost
functions depending on the value of the lignal, 1COST. |
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4.11 FUNCTION LOCATE (1J, LOWEST, INCRMT)
FuncHon LOCATE-retums the identification number for the state.
Tho number enables states to be identified and permits the storege and refri'éval ,

H

of the best decisions.
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4.12 MATHEMATICAL EQUATIONS

This sectlon describes the mathematical mathods used to compute

tho following:
1. veloclty in a sewer,
2, sewer slope to provent deposition of solids,
3. onergy losses at .monholes-,
4. vertical alignment at manholes.

1. Volocity In a Sewer k

The program computes the average veloclty of flow in a sewer by the

followlng methods:
()  Kutter's formula,
(1)  Manning's formula,
a1t Hyqul!c-elcmcnh,
(iv) Pomoroy's formula.

() Kutter's Formula

Tho Ontarlo Ministry of tho Environment recommends the uso

of Kuttor's formula whon computing the minimum velocity in full flow

analysis.

Tho formula stotes:

In which, v = veloclty of flow (f.p.s.)

o

c = Kgﬂor'a friction coefficient

82
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R = hydraulic radius (fr)
S = slope of energy line
Tho value of ¢ is glven by :.

0.00281 1.811

c = 4).65 + S + n
T+ n [41.65 + 0.0025'5
JR- ‘ 8

in which, n = Manning's roughness coefficlent.

(1) Manning's Formule

Manning's formula is similar to Kutter's formula except for:

¢ =1.48 RS
: n

Thus the Manning formula is:

v = 1.486 R2/3 §172
Tn

(111) Computation of Flow Conditions In Partly Fillod Clrcular Sewers

Flow conditions Iq partly filled sowers may be cbtained frofn

tho relationships obtained from Fair, Goyer and Okun (14),

oA = i) (R/RE 2

Q/QF = (/) A/AI(R/R) 23
in which, |

v = veloclty

n = Manning's roughness coefflcient

R = hydraulle rqdlus

Q = Flow raté | |

R = hydraullc radius



The above terms refer to tho partly filled section;.the terms
with the suffix f refer to the corresponding FU.II section.

For convenience, the hydraulic-elements graph for circular
sowers in Design and Construction of Sanitary and»Storm Sewers (12)
was utlised to sol\:e the cbove equations., This groph is reproduced
In figure 4.7a.

Data points, at Intervals of d/D = 0.05, were Interpolated
from the curve _expressing the relationship:

d/D vys QAQf -
in which d and D represent the depths at partial and full flow
respectively, These data points were used in a least squdres
polynomial curve fitting computer program (20) to obtain the
following relationships,
Q/Qf <{0.14,~
d/ljﬁ/c 6.23 (Q/Q) - 59.23 (@/an)? + 214,44 (@ /0>

0.14€ Q/QF< 0.9,

a/D = 0,2 40,73 (Q/Qf) - 004 (Q/Qf)°
Maximum sewer capacity was assumed to be achleved ot a

d/D value of 0.9. The theoretical Increase in capacity over the

s
full flow capacity In tho d/D range of 0.9 to 1,0 was not utilized.

r ~
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Data points, at intervals of d/D=0.05, were Interpoléted

from the curve expressing the relationship:
v/AvE vs d/D
These poirﬁs were used in a least
fitting computer program (20) to obtaln the followi rglatipnship:
v/v = .018 + 3,47 (d/D) - 7:27 (d/D)?
49,04 (4/D)? - 4,28 (a/D) *
The d/D ratio was o_btolne;i from the Q/Qf ratio. The v/vf ‘

ratio was obtalned from the d/D ratio. Hence velocity v was obtained.

(iv) Computation of Minimum Velocity

Pomeroy’s formula was used to compute the pﬁdiul flow velocity .
in the se;vor for the iniﬁlmum design flow rate QDMIN. The formula
was developed by Pomeroy (32) from a series of tests carried out
on sewer sizos up to 24-inch diamoter. For partly fil!éd pipes of
clreular soction the fomula 1s:

- 0.41 0,24
v = 1,40KS Q
in which, . s
v = velocity. (f.p.s.)
K= volocity coofficient
- § = slope of sower >

Q= "discharge {c.f.s.)

This formula 1s dllscussed in section 5.1.

> o~



Pomeroy found that diameter has no significant effect on the
velocity. His research provided the following averoge Manning

coefficient and K values:

Table 4.1 Roughness Coefﬁciel}g .

Type of Pipe ?Csbestos‘l “Vitrfied Concrete .. o
T Cement| Clay '
h (measured) | . .01228 o 015
hf o .onr> 0125 . 0151
K 18.9 17.8 15.2

The measured n values were measured with an approximate
d/D value of 0.25. The nf value is the correspond.ing n volue.
for full flow-

An exprt;ssion relating K fo nf was obtained from a linear
least squares program on a Hewleﬂ;Pcckarﬂ desk calculator 9100B.

K = -956* nf + 29.66

2. Sewer Slope to Prevent Deposition ‘of Solids

There are two methods available in sanitary sewer design to determine
the mir;imum sewer slope required to prevent deposition of solids - the minimum
permissible velocity and tractive force methods. The minimum permissible
velocify is the minimum velocity to prevent deposition of solids. in this

program VMIN is this minimum pemmissible velocity for a sewer flowing full.

]
. E
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For full flow analysis the velgzéity at sewer capacity must equalr or exceed
VMi‘N; for flows less than sewer ;-.u;.)acity itcis assumed thct the velqciiy
is sufﬁcient to prever;t deposition of solids. -
For partial flow cn.alysis, the slope of the sewer mﬁst be such ._thc:t}
at the maximum design flow rate QDMAX, the tractive force must be at 'Ieasr
equal in sellfjtéleonsing to that of a sewer flowing full at .velocity VMIN. This
' assumes thqf equality of tractive force <m.ecms eq;.:;:lhy of cleansit-wg. The tractive \
force équuﬂon iss | |
T= YRS ' , -

where,

I1

I

Y

R = hydraulic radius of flow area (ft)

boundary shear stress (p.s.f.)

specific weight of the sewage (p.c.f.)

-t

S = slope of sewer \
i,
i

From the tractive force equation, the foilowing equation may be

derived to compute a slope to ensure equal self-cleansing for partly filled

sewers:
Qs = of A (SF) /6
&F o AT \S
in which,
| Qs = flow rate in partly Fille&l sewer

Qf = sewer capacity

Sf slope of sewer flowing full at minimum velocity,



| BN - Y
\/’__\\Q\ ‘
. -

i

' \
S = slope of partly filled sewer

A—

A = flow area .

Af = flow rate flowing full

nf * = full flow Mannings n B
n = partial flow Manning's n

- For convenience, the hydrqblic elements chart for circular sewers that.
: possess equal self—clc;onsing pr-operties at all depths as shown in Design and
Construction of Sanitary and Storm Sewers (12) was used to solve the"above"
equation. This chart is reproduced in figure 4.7b. |
Data points, at intervals of d/D from 0.125 to 0.5, were interpolufed
from the cun;ves: .
d/D  wvs Qs/Qf
d/D  vs S/SE
These points were used in a least squares polynomial curve fitting
computer program (20} to obtain the following relationships:

Qs/Qf < 0.19

S/Sf = 9.97 = 269.29 (Qs/Qf) + 3540,06 (Qs/Qf)2
-20348.2 (Qs/Qf)> + 41872, 5 {Qs /Qf)*

5 Qs/Qf » 0.19 -
S/Sf = 2.23 -'6.26 {Qs/Qf) + 12,46 (Qs /Qf)°

- 13,19 (Qs/Q0° 4+ 5.74 (s /an?

-
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3. . Energy Loss Cdmputaﬁons for Partial Flow Analysis

Ener.*gy‘ losses at rﬁdnholes; , are computed from the formulae éiven by
Davis cnd_ Sorenso; {8).
-for increasing -ve‘locily transitions;
i 1__2 Coved -
A E=0.2 /29 - //29) .
for decreasing velocity B'onsitions,
. 2 '
Vu/ vv
AE =0.3 29 - /29 _

in which,

I

A E = head lo§s (i)

vy = velocity before transition (f.p.s.)
VL= Gveiiocity after transition (F.p.s.)

A minjmum loss of 0.02 foot was adopted. Davis and Sorenson advise

that junction manholes be treated as two or more transitions with computations
‘* ]

G

- being made separately for each sewer . This feature was not included in the

program.

\

4, Vertical Aligﬂment.ut Manholes

In full flow analysis, vertical olignn;ent is uchieveq'i by maoking the
* crowns of the -in\cominQ and outgoing sewers continuous.

in partial _flo;; Aanuly;i's vertical al\i};nment is achieved by making the
energy grade line continuous, taking into account the energy loss AE at the'
manhole. This is ;::chieved by.setﬁng the invert elevation drop equal to the

value derived from the following equation:

[ =3
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invert drop = (du * VU2/29)
| - (dL+ vzi/Zg)l + AE
in which, |
du = depth of fldw in incorrl!inq sewer {ft)
dy = c_iépfh of flow in outgoing sewer (i)
Negative invert drops are made equal to zero.
Time foregaing doés- not apply where drop manholes -are involved,
For both ful'l flow qnqusis und!paﬂif:l flow analysis, outlet bmr;ch

sewers must be located not lower than the incoming main sewer.

Y



413 COST DATA- - - S
; " at

o Bctffa. (é), in a U.5. stady, showed that 85% of the cost of gravity

flow _se_we-r sj}stems is c\:lu'e to pipe supply and installation costs, and 15% is
d;JB to manhole costs.

Cost data was obtained from the Manual of Cc;lnmerciui_ Estimating and
. Engineering Standards (25) . o,
| The costs were develope:i from cbs.ﬁ'acts of unif price bids in the
United States. | & |

’ fhe cosfs-givép are complete in place inc!udiﬁg all items of work
"except shoring of excavations, restore exi.sﬁng_improve-men!‘s, and restore
existing permanent surfacing."

The costs given are based on construction "in streets with medium
traffic, mec?ium overhead and underground obstructions, light clearing, remove
existing 4" uspha.!ﬁc concrete paving, stable s:oil conditions, no ground water,
haulaway distance of three miles, imported bedding onc; placing and consolidating
backfitl .* - | ‘ - .

| The reference supplies an array of reinforced concrete main line stomm
drain costs in U.S. dollars per lineal foot, in pipe sizes from 24 inches to
144 inches and for depths fo subgrade of 6, 7, 8, 9, 10, 11, 12, 14, 16,
..18,»20, 22', 24, 26 and 28 feet. The costs are shown in Tables 4.2 and 4.3.

As costs were required for pipe sizes down to 8 inch diameter costs

were extrapolated. The extrapolation was based on the cost data for diameters

il

4
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COMMERCIAL « INDUSTRIAL E.::'_TIMA"E!NG GENGINELRING S;rANDIU?DS
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+

RELNFORCED COWCHETE FALSLIRE STORM DIAVINS

4

VoL oWE L

CLLUNT

Costy Dollars Por Lineal Foot for Reinfarced Coacrecn :‘:uinlim:-::wr:-\ Prainsg.

- /
Sl_:iPC Depth tu Subgrade - Fect g
{ze - - .
In. 6' -0 7 0" Bl o't ] atent Tyon 10"
2450 517.00 £17.00 SiA.00 518,00 514,00 5 19,00 > 10,00
ey A 13.00 15,00 19,00 19,00 L1900 2L e an, on
“3om 100 1904} 000 70,00 KL I S WS L aun
33 =0,00 t.o21.00 21,00, 12,00 23U 4.0, 2.
et 22.00 23.00 24,00 24.00 25,00 26,00 26.00
a9 {__25.0n 25.00Q 26.00 27.00 27,00 2R, 00 _5.00
0 27,00 %00 729,00 PR 30.40 31,00 32,00
65" o 30,40 31,00 32,00 1200 17,00 14,00
LBV 12,00 313.00 - 34,00 35.00 3500 | e [ 4700
I 35.00 35.005 82 39.00 317,00 35,00 39400 0,00
347 37,00 38,0049 39,00 40,00 41,00 2,60 43.00
57 40,00 40,00 " 42,00 A2.00 43,00 R 25,00 ]
SR 22,00 43,00 %3.00 75.00 b 110 NI BT
63" 46.00 27,00 C 4B, 00 56, 00 ol.on 300
Gh' 29,00 50,00 51,00 A0 o~ L on 50,00
TH 53,00 CYANT] 56, U0 37.00 - 5700 NI
72" 57.00 38.0u 3,00 HU.L U fl, 0
75" 60.00 01.u0 62,00 L. 00 63,00
85" 64,00 65,00 b U8 bi.ou 0% .03
B1" 67.00 L. 00 70, 00 7100 13.00
IAN . ) H 73.00 74,00 Th. 00 97,00
B7" 7. 77.00 7.0 EL, QU 53,00
50" -~ . 82:00 g3,00 85.00 87.00
g3" o 38,00 an_ 00 ay. on
96" N 94,00 95,00 27,00
102" 1.0 104, 00 |
108" 107,00 109,00
114" S T
120" > 120,00

Sce Account
included. }

Sce Ceneral

Hoten,

Account 2-80,

L2

(Continued on (o) lowlong paved

o

Table 4.2 SEWER PIPE ©OST DATA - Part |

2-87 for Drawings. {(Main Drawings only. Refcrvice Drawinps not
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COMMERCIAL - INDUSTRIAL ESTIMATING & ENGINCERING STANDARI?S

A : 1
[vorume - 1 . ]
r
J-g] N .
o k Pepusiandl RELNFOUCED CORCREI SATNLINE Spoit Dia Ly
ISSUE 3 1 . - __;
(Concinued) Ty i
- Pipe Bepth o Subprade - Feet '
. 51..".’" . - N il .
in. 14 '-0" 1h'an* 18'-u" Ju'-on 2000 200 L ALt e
26" )y 21,00 & 22,00 |3 24.00 1S e.uw - ) E
nn - 22,00 24,00 25.00 26,00 $ 28,00 !
1" 2400 15,00 17.00 24,00 2, LU S 31,00
3 2,00 27,00 29,00 JO.H0 13,00 1.0 Losioun
30" oo | zalon 51,007 33,00 35.u0 17100 Ao e anon 1
N 40,00 32,00 34,00 36,00 19,00 41,00 G ) aN. 0 L
HEEE 1500 33,00 37.00 19,00 42,00 AT MW FSYRIGRS
[’ 36.00 18,00 40,00 Cu2.00 45:00 47,00 51,0 59, 00!
49" 19,00 41.00 44,00 46,00 4400 51,00 35,00 © o on |l
517 PN ] 45,00 46,00 49,00 51,00 5h.(n) L) vt ol
Ja" Lo 0 Ly, un 49.00 53.09 55,00 Y&, 00 [T ;:.r,_t;n r
57" VT A 4, U 57.tK) HYL 0D 61,00 th, 60 APCRLE |
cu” 3,00 vy, o0 50, 0U 61y, 00 6200 65,00 G ) PR USH
"y 3400 "7‘-'“: "Dﬁg :)rigg é»;zg 22:1?) L;:: Z\I‘:I: l
ws” §.v.lJU ':lI].Ol 63, :u. )4, ? . ;1'“- _ .E" i
69 euMy-f LA 00 u?, 00 0.0 73,00 Y Y At i
72" 66,00 67,00 71.00 74.00 77.00 81,00 RUITE aly, nh 1
75" 07,00 71,00 74,00 74.00 §2, 00 55,00 g, 00 95,00 |-
8" 71,00 7h.U0 79.09 52,04 B . o i, ) DN 100,10
61" 76.00 149,00 B3.00 87.00 yl. G Yi.00 e, o 105 o |
gs" 80,00 #3,00 H7.00 Y100 G5.00) 190, ny Liv .t 111,00 4]
g7 hey, 06 YN, Y. 00 97.00 102,00, 1u7. 06 g, o Plv, uu i
g0' 91).00. Yo, Ut) 100 4u 105 Uit 104. 00 Lia,un L6, 127 .m |/
93" 98,00 [ 1n02.00 107.60 112.00 117.00 1a3.0on 2z 135,00 I
4L JUGG 104, 0 117.00 117.00 123,00 Lo na TN L1 o0
PR 108.00 114,00 119.00 125.00 111,00 178 1 s 155,00
108" 114,00 { 119,00 123,00 130,00 137.00 145,00 (KRR l.on
114" 119.00cF 122,00 12,00 136.00 143,00 171,00 Tiir, o Thn, 00
120" 125,00 130,00 136,00 .} 143,00 150,00 <1548, 00 a7, uo 176,00
126" 134,00 135.00 145,00 151,00 t6l. 00 171,00 1=0,0n 133,00
132" 142,00 { 149,08 155.00 | 161.00 172.00 1k3.00 19,00 01,00
134" 152,00 160,00 167.00 174,00 185.Q0 195.00 204,00 214,00
Lae" 163,00 | -171.00 180. 00 184,00 197.00 207,00 117,00 227,00
Sev Accuunt P-H7 for Drawings. (Codn bBeawiogs only, Reference DBravinee wot bn buded.)
See General Notes. Accuunt 2-BO.
e}
,

Table 4.3 SEWER PIPE COST DATA - Part 2
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from 24 inch to 42 inch. The following cost equation was obtained from the %
oforementioned subset of cost data by using UWHAUS '(38}, a nop~linear feast
squares computer program utilising Marquardt's method. |

9.73 + 0.097* CUT ** 1.6 + .826* DIA ** 2.387

r

/ UNITP

1l

in which,
T

1.

~ UNITP pipe cost per lineal foot ($)

CUT = depth to subgrade (ft)
{L‘/ - DIA = diameter of pipe I(ft)
The above equation was used fo extrapolate the' cost data and produce a new
cost array whic!:n was used in the program. This cost array is shownain fable
4.4. In addition graphs ;:ffo&t vs.cut and __c’&r vs diameter were plotted for
some values of ‘diameter and cut respectively.  These graphs are shown in
figures 4.8 and 4.9.

The new costs were produced to the first decimal place; the original
costs were to the nearest dollar. The ¢ équaﬁon permitted costsl to be
computed for a continuous range of d:spths. " The new cost data ; therefore,
pemmitted costs to be computed over a more continuoug‘mngé than - the original
data. N

The type of manhole selected fo;' the cost data is shown on figure
4.10. This manhole is designed for sewer sizes less than 36 inch diumeter.

-. The cost of this manhole is equczi‘ to the cost of the manhole chamber plus

the cost of the shaft. Shaft.costs are shown in toble 4.5,
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Following pives current standard costs 1

r . COMMERCIAL - INDUSTRIAL ESTIMATING 8 ENGINLLHRING STARDATIDS

SO DHALN MANIOLES

IS TRYLXE] !

LYY §

[N

with Standard Urawiupgs Account 2-87,

The costs ate cemplete o place including

excavations if required, rostore existing
b

surfacing.

or Manhoeles cowplete Tiu plave M\'ll;mu

all itewms of wnork

vl
improvencnt s and frestore exinting pormancut

~

went shering of

Manhnle Mumber 1, Drawving R=136, Account 2-87 ' :
. For total-gcost u;u $303.00 plus cust ol shalt as vallowvs:
shaTt MNeipht “Cost
Tt ach
. B $154.00
2 195¢H0 .
4 REAAN] .
i . T N 270,00 t
i Ty s, NN ‘
6 Sh1.0n '
o1, 15,00 !
B . st8.00 :
9 ’ L0200 I
.- 10 .t L0600 o
‘d 1 51900 i
12 . 571,00 |
13 “ * NI
l.fl ()"“" -On. §
15 gL, N
16 7L !
17 741,00 |
18 ©_3i0.ng - ]
14 Bl L0 i
20 816,00 !
21 669,00
24 Kui.on
23 024.00
24 957,00 . )
. 25 97900
Exanmple: Glanbale Number 1 with Shnle dedviic A«f 1000n ! . N
. e - " >
Haphed e o« §305.40
Shat t{ = 5504.00
15tal N\ = ¥8u9. 00 !
! i
See General MNotes, Account 2-80. .
_ {;[Cmulnw-d on Tollmsine paee) g

: chlg 4.5 SHAFT CQST DATA
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To obtain the shaft costs as a continuous function of the ‘shaft height,

the shaft cost data of table 4.5 was used in a least sq'uor-es polynomial curve

ﬁtﬁné computer program (20) to obtain the following equation:

in whichl,

This equation is a smooth curve which is almost a straight line’

PRICES = 121,18 + 37,81 * HEIGHT + .089 * HEIGHT **2 -

009 * HEIGHT ** 3

PRICES = shaft cost for height HEIGHT. ()

HEIGHT = height of shaft (ft)

relationship for heights greater than 2-feet.

Drop pipe costs were taken to be given by:

in which,

UNITP

UNITP

DIA

i

il

~&

10.+ 10.* DIA

cost per {ineal foot of the drop pipe ()

dicd:'rﬁé-ter of pipe (ft)



4.14" INPUT DATA

The configuration of the nefwérg whicH the program will handle is
a function of the number of sewers, iuncﬁonsl and the available fall across the
5ystem.‘

"Data preparation and entry is described below.

Program Sewer

Program SEWER allows the user to set the dimemion§ for subroutine
DESIGN by entering the values of LINES, NJMAX and NSMAX. This
adjustable dimension. feature pemits the user to use just sufficient computer
storage for the problems to be run. |

LINES_ is the number of sewers in the network plus 1. The maximum
value of LINES, for the batch of problems to be run, musl-t be entered.

NJMAX is the maximum value c;f the number of junctions in the batch
of problems to be run. The minimum value of NJMAX js 1.
| ’ EISMAX is the.mc:ximum value of the number of states in the bcfr;h
of probie.:ns to be run. The number of states i-s the available fall in feet

across the system divided by 0.1, and minus 25,

Function PRICEP (HEIGHT, DIA)

N

o

The user must enter an equation, with diameter and .cut as variables,

- to compute the supply and installation cost of the pipe per lineal foot.

101
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Function PRICED (HEIGHT, DIA)
- The user must enter an equation to compute the drop pipe cost per
lineal foot.

Function PRICES (HEIGHT)

The user must entér an equation to compute the manhole shaft
cost.
Full details of the format of PRICEP, PRICED and PRICES can be
seen in the program listing (Appendix 1),
The input data card requirements cre,-desclribed below. All elevations -
and cover requirements must be to the first decimal place.
Data Cards
1. Card type 1 contains the date and name of thle user in the
format. (12, A3, 14, 5A4) e[(g.
20APR1975  BILL MAIN
2. Card type 2 contains the number of prob‘lems to be run NPROB,
and the valuve of {COST in the format (212). f ICOST = 0, the
cost array data is used and card types 3, 4 and 5 are required.
If tICOST = 1, the cost functions are used to compute costs and
card type 6 is required. |
3. Card type 3 contains the pipe size IDIA, and supply and

installation costs CPLF for each value of cut in the format

(4, 15F5.1). One card is required for each pipe size.
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Card typle’4 contains’ SCLF the shaft cost array data in the format
(8F10. 5) |

Card type 5 contains DCLF the drop pipe cost array data in the
format (8F10.5). '

Card type 6 ;ontcins' DIA the"pipe s‘izes considered for the problem
in the format (8F10.5).

Card type 7 contains the ‘\manhole box’ costCBOX in the format
F10.5).

Card type 8 contains the problem name IREM in the format

a24). | -

Card type 9 con'tairlms.YES in \fonnc;-_(A3) if there is to be a
change in any of the design criteria Alisfed in the program.
Ol'l'lemi:e, the card is left blank.

Card type 10 is required only if there is a design criteria change.
The following data must be entered in a (8F10.5) ﬁzmgr in the

order listed:

(i) smallest allowable diameter DIAMIN (inches),

. @) Mcnnmg s roughness coeff'ment, RMANN,

Gii) minimum full flow velocity, VMIN Fopes.), -

Gv} maximum velocity, VMAX F.ps.), .

- {) minimum cover, COYMIN ffr),

i) maximum cover, COVMAX 1),

'
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12.

13.

14,

© 104

(vii) value of PEAKFS. 1f PEAKFS = @, PKF = (18 + A/P)/

@ + ﬁ)‘ -. o

If PEAKFS = 1, PKF = 5402
(viii) value of SIGN3. SIGN3 = 0 for full flow analysis.
| SIGN3 =3 for partial flow analysis.
Card type 11 cor;tuiné YES in an (A3) format if the:‘e is to be
any c\hcnge. in the flow criteria listed in the program. Otherwise
the card is left blank .
Card type 12 is required only if there is a flow criteria chor{ge.
The following must be entered in the order listed in a (4F10.5)

format - domestic sewcge flow in Imperial gallons per capita per

- day; commerical sewage, industrial sewage and infiltration flow

rates in Imperial gallons per acre per day.

Card type 13 contains the maximum permissible outfall diameter
OUTDIA (inches) and the minimum permissible outfall ene{'gy line -
elevation QUTFAL {ft) in the format (2F10.5). The m;ximum,;-
pe;nnissible diamerer/cunnot exceed J9 inch for the cost array
data optior:. k //

One G pe 14 is required for e ach sewer in the network.

The card contains the following informgtion in a (11F7.3) format
in the order listed: —

()  upstream manhole number UMHN,

1) down'sm_aam manhole number DMHN ,-

e

it bt i o e



<

105

{iii) upstream ground elevation, UGELEV '(ftj,
Mv) downstream ground elevation, DGELEV (ft),
W) !engrh of sew.er RUN ({ft), - | o7
{vi) incremental acreage tributary to the se\';r;r, ACRES,
fvii) population density, I;OPD (persons per acre),

(viii) type oF.a-rea, TYPE, e.g. B

N

_ domestic, TYPE, =1

commercial, TYPE = 2

industrial, TYPE = 3,

ix)) additicnal flow,. QADD‘ (c.f.s.)

(x} f upper elevation constraint at the downstream manhole,

-

ELCU {ft), o -
_(xj) lower efevation constraint at the downstream manhole,

ELCL (). 7 N

15. Card type 15 is a blank card I‘pf)gncd the end of the collection |
. - p ‘
system data and to assignthe number of sewers NLINES in the

system.

The data card séquence for a problem is shown in figure 4.11.

Test Probiem 1

The program was tested and debugged using the problem shown in
figure 4.1. This pmbiem'wcs adapted from Rich (34}. An example of input

data for this problem is shgrwn in figure 4,12, : .




t

os required

Fig. 4.11

( ’ 15
UMHN, DMHN, UGELEY, DGELEY, RUN, ACRES, POPD, 14
TYPE, QADD ELCU, ELCL

(11F7.3)
OUTDIA, OUTFAL 13
2F10.5)
) / RDOM, RCOM, RIND, RINF T
| F10.5)
|
IYES "
(A3}
DIAMIN, RMANN, VI, VAKX, COVRING é?:vmx_ o
! PEAKFS, SIGNJ
| (BF10.5)
IYES ‘ . 9
(A3} :
i 8
(2A4)
CBOX 7
{F10.5)
oA T T T T T T T T T,
ir (BF10.5)
o e e —— e —
/ DCLE 5
| (BF10.5)
S T T T T T T T T T

1 {2£10.5)

o o e e -
“IDIA, CPLF : : 3
: 04, 15F5.1 .

i - -
NPROB, NCOST ' : 2
{212}

DATE  USER 1
02, A3, 14, SA4)

DATA CARD ARRANGE(MENT

106 .
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2,
1741 PROBLE 1
YE:-)
s .12
YES
l“‘-(}_‘
Py 2G4
1a6 la? 279847
1«5 144 Fihe
1ed 1ot 22242
5al 1.3 Soen
1.3 - 1.2 2150
4l a2 2243
73 202 ??fi-{,
3.3 222 Flvae®
247 el 271.5
7el 1le2 2276
1«2 1.1 2154

L
)

12 1. 10 2l Jhe
e a0, 47

e 17, a, 16, "

1700,

A24e 2 LI 2.% . G 1.
?P?o? l'}.‘f’:'- :-5 900 e 1.
2177 4Gl TR 5e ., »
DiT.T 40T, 2.5 5c, 1.
217.4 207 a4 O N 1.

1%.4 400, 245 a4, 1.

Flat 400 T a b L 1.

2Ted 177 g D 1. 1.79
2Can  4Hl7. 2e 5 Eha 1. -
1%ty 40" ?e5 g5, 1.

1t .00 3l7, T G 1.



4.15 OUTPUT DATA . ' /;’ -

e
# The program prints out the information used in the design of the

sewer system - cost array dota if used, manhole box cost, pipe sizes considered,

design and flow criteria, and the sewer system information. The output listing

- showing this for test problem 1 is shown in figure 4.13.

If the program is executed successfully, the program will print out,

for each pass, the optimum sewer sizes, vertical alignment data, sewer costs

and cover over the sewers. The second pass ;:utput listing showing this for

~test problem 1 is given in figure 4.14. The variable names-in the listing,

except those below, are given in appendix 2.

[a}

DINV ELEV

v,

maximum design flow

I

QMAX

QMIN

minimum design “fiow
MANH LOSS=-energy loss at manhole
(QJINV ELEV = upstream invert elevation

downstream invert elevation

1l

The program also prints out the following information

1.

2.

4.

maximum design flow in each sewer, _
best cumulated cost and decision for each state and each stage
{tied solutions are marked by an asterisk),

‘ a

best pipe sizes for the stage,

optimum decisions for the sewer network,

108
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- 5, energy drop, if required,
. 6. energy line elevation u‘t the down;treum end of each sewer.
. lter.ns (2) to (6) are printed out fgr each pass. The program may be
terminated at the end of the first pass by assigning the initial valve of
SIGN4 = 4 in the program deck. |

If the problem is 'né; executed successfu.l'ly, a mes;age is printed to show
that an error has occurfed.

The messages are:

1. "number of states too large”

2. Pjob terminated at manhole number = **, insufficient fall®

3. ""iob terminated at manhole nIUmberr = ** outfall diameter is

too -sﬁtull" |
4. "job terminated at outfall manhole”

5. "Error. on branch = ** at stage = **"

6. "Error at dummy sewer assignment on branch = ***



CHAPTER 5.0 DISCUSSION .OF PROGRAM
This chapter contains an analysis of the method of functioning of the

program and a comparison with other programs.

o

- 5.1 CORRECTNESS OF-PROGRAM
The correctess of the program is the ability of the program to produce

“', a realistic optimum so.lution. The correctness is discussed under the following
hecdings:

1. Tr_gchnent of Branches,

2. Hydraulic Mathematical Cdmpufqﬁon Methods ,

3. Vertical Alignment ut\Manholes,
r

4. Cost Data.

1. Treatment of Branches . _ “

There is a remote possibility that the method used to accumulate L
branch costs may not result in a-n optimal solution being obtained. Prior to
accumulating a branch cost to the sewer system cost, the branch costs are
sorted to obtain the cheapest cost for each state. This is shown in the
1.‘I'\).rpothcatqiccll example in figure 5.1. After .sorﬁng, it will be noted’ thg;...thé'
sewer size for the lowest state has been increased from 8 iﬁch to 12 inch S
dianieter, thereby resh'_i;:ﬁng the -sewerlsizes downstream and contributory to

this state to a minimum 12 inch size. This requirement may not result in the

cheapest sewer system cost. If the branch cost was sorted fo produce the

112
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main sewer

Diagram showing hy’pot’heﬁcol sewer sizes and costs before
sorting . .

—-

Diogram showing hypothetical sewer sizes and costs after sorting .

Figure 5.1 DIAGRAM ILLUSTRATING BRANCH SORTING PROCEDURE

(.
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smallest diameter from each state, then a cheaper sewer system cost may be s
obtained. However, in most situations, the method adopted is the more
practical because the non-decreasing diameter requirement is not critical as

branch outlet sewers are generally smaller in size than the main sewer.

2. Hydraulic Mathematical Computational Methods

Subroutines (35) were c;voilable to compute hydraulic elements
,onalyticaliy. However semi-g;g}gl;'cul methods were 'use|d as they were
computationally more efficient.

It is believedthat no appreciable error is incurred with respect to the °
hydraulic computations. Some Error occurs in the polynomial relﬁrionship; |
derived from the hydraulic-elements charts. The -accurccy of these polynomial .
- equations is a function of the accuracy of intarpo!c;tion and the number of data
points used to derive these eq'uainns-. However, the error-is not considered to
be appreciable or possibly any greater than would occur with hand: calculations.
In addition, it may be noted that the curves for n variabie with depth were
used. These curves were based on the average of 824 experiments. Design
and Construction of Sanitary ‘c;nd Storm Sewers (12) states that the n variabie
curves may be questioned because of d;lffering results from various researchers and
the decision to use n variable with depth of flow must be .left to the individual
designer.

. Pomeroy's (32) formula is used to compute the velocity in the sewer

for the minimum design flow QDMIN. Error may occur here because a linear
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relationship between Manning's roughness coefficient and Pomeroy's constant
K was obmfned using only three data points. In addition, Pom;eroy’s formula
was developed from data on sewers not greater than 24 inches'diumeﬁr. A g
computer program was written to éanpcre the velociﬁesr obtained by Pomeroy's - ;
equation for pipe sizes up to 42 inch ciiomefer at various sl'c.>pe§ and relative
flow depfhs.. Manning's equurio: wassolved by successive approximations using
functions PIPDUF, PIPROP and NORMLQ from Smith (35). The f;asulis obtained
with the 24 inch and 36 inch diameter pipes are shown in table 5.1, b
.b The results from both methods of computation are close. As the
minirﬁum velocity is not a criterion in the selection of sewer size, the

computation of the minimum velocity is not critical.

3;. Vertical Alignménf at Manholes | | | i
The method of computation of the vertical alignment of the sewers at

manholes in partial flow analysis résults in some error. No allowance is

made for the additional energy loss atuiuncfion manholes. in addition, the

allowance for the energy foss at the manhole means that the sewer is not

located ihsarallel to the energy line. This is illustrated in figure 5.2. | it

was ‘not considered practical to correct for these errors, because Ienergy

losses at manholes are of the magnitude of 0.02 foot and the energ)'r li-ne

displacement would ﬁor appreciably change the design of the sewer.

4. Cost Data

The cost data are the most irﬁporfant part of the program. It is

essential that they be realistic and vp-to-date if the program is to be useful.
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energy foss
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Legend: . , theoretical energy line

—————— displaced energy line

water surface

R Z—  ground.surface

<

Figure 5.2 DIAGRAM SHOWING DISPLACEMENT OF THEORETICAL ENERGY
’ LINE
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e
A comparison of bids for any sewer project reveals widé variations
_# in bid prices. A contractor's bid reflects his bidding strategy, experﬁsé in
. _ R _
the type 6{" work, the location of the job, his staff and equipment availability
cnd. the general economic climate. it is therefore'impossible to obtain unit
prices which one can confidently state are correct. All one can hope to state .

o

is that they are the best available.

Cost data can be obtained by_cpproach\ing sewer contractors or analysing
past contracts. Inviting contractors to examine proposed plans and advise of the
expected costs is p‘fobobly the best way of obtaining realistic cc':asts.

Analysis of past contract prices may be performed by the designer or
by using outside cost consultuni-s.. The aui’hor used cost aafa provided by
Richardson's Engineering S;:wicés, Inc. 25). Their estimating manual is a
well known and comprehensive manual used f@cting civil engineering
works. | .

The author beliavesthe costs are superior to that obf.airiable from

Englesma ‘ 3))Y. rdsticks for Costing (40) or by an_alysiné local data, taking
into consic_ieraﬁon the purpases of the program. The estimating manual

’t provided manhole costs, and supply and installation costs for sewer sizes

. down to a mihimum of 24 inch diameter. As described in ;ecﬁon 4.13, a
cost function was obtained from this data by meon:s of a non-linear estimaﬁor;

. computer model. This cost function was used to compute a new cost array
for pipe sizes from 8 inches to 42 inches diameter.

The author believes that the pipe and manhole costs are homogeneous

and provide a satisfactory cost basis for the purposes of the program.
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5.2 STORAGE REQUIREMENTS
The storage requirement of the program is dependent on the number
of sewers and configuration of the nétwork. Because of the large storage
requirement all the best decisionsmust be stored on a scratch tape or file. .
For a problem containing 15 sewers, 5 junctions and an available fall across
e . \ -
the system of 17.4 fi., the program requires 64,000 words of central memory

o

on‘a CDC 6400 computer.

To eliminate wasted storage and to provide flexibility with regard to
the configuration of the networks to be sollved, an adiust.oble dimension feature
was included in the program. |

The main factor in setting rhé storage requirements is the value of
the state increment. The minimum state increment was set at 0.1 ft. If the
minimum state increment was increased to 0.2 ft., problems with abol;tl twice
the available fall across the system could be handled. |

Considerable stomge. is utilised in stéring branch outlet costs and
pipe sizes Mo 3~dimensional arrays are‘a‘ required _for- each junction manhole.

In a real life situation normally that branch solution_wifich yields the cheapest

cost is added to the system. If only this cheapest cost solwtion was stored,
considerable savings would be made in the storage requirements.
The method of storing the design data in the program could be more
o Y

efficient because only a small portion of the appropriate qp‘oys are- used for

each stage. For a}q;qinple, if the gvailéble fall across a 3 stoge system is

119
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21 units and this fall is divided equally between the 3 stages, then only «
7 unit portion of the array would be used at each stage. 1t would be more

ecanomical to use a 7 unit array and relate the adjacent arrays by the minimum

state for each stage, say.



5.3 COARSE GRID APPROACH

_ limits o distance of Y above and below the optimum states obiained in the first

The program uses a two passsystem in order to obtain some execution

time savings. It seems reasonable to assume that the program should produce

the vertical alignment da‘l-a‘to an accuracy of 0.1 foot, This requires that the

states and decisions be incremented in 0.1 foot units. To examine all the

feasible states at 0.1 foot increments would be prohibitive. Therefore the
program uses 1 foot increments in' the first pass and 0.1 foot increments in the
second pass. In the first pass, the program searches through the entire feasible

region for an optimum solution. The first pass solution defines the feasible region

- to be searched in the s;e:cond pass. The feasible region has its upper and lower-

t

pass, providing there are no limiting constraints.
The computational advantage of the two pass system can be shown

with reference to a 3-stage problem in which the depth of the feasible region ‘is

" 9ft.and Y = 0.5 fr. With o stote ‘increment of 0.1 ft. over the entire

feasible region, the retum function would have to be obtained for 273 states;
the number of additions and calculations would. be 4004. With the two pass solution’
ﬂ;e return function would have to be calculated for 63 states; the number of
additions and subtractions would be_a‘ 442,

“An increment of 1 foot was selected in the first pass because this seems

<

. ' : 1
a reasonable value and the cost array data is based on a 1 foot minimum increment.
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- the first and second solution and the first pass increment.

The value of Y to ensure that an optimum solution is reached is

dependénf on the continuity. of the cost data, the expecfed' difference between

If the cost array

data is ur;ed, a value of Y = 2 feet is recommended as 2 fekt is the maximum
cost array increment. f the cost equation data is used,\u valte of ¥ = 0.5
ft. is the minimum recommended. The value of Y ‘is probably best determined

from experience.

The strategy of a two pass solution is totally dependent on the

@
functions at each stdge being unimodal. . The pipe cost was shown to be

™,

N

unimodal in the following way. A hy})éiheﬁcal 350 ft. long sewer (h = .013)"

located in u/ﬂ(f ground area, was designed to carry o flow of 5c.f.s. The

minimum depth to subgrade was set at 9 ft. The minimum fall across the sewer

was set at 1 ft. and increased in 1 ft. increments. For each slope, the

theoretical pipe. size for full flow was -calculated by Manning's equation and’

the unit cost was computed from the pipe cost equation. The results are shown

in table 5.2,




'

Table 5.2 Pipe Diameter vs Cost

FALL Pipe Diameter Cost per Lineal Foot
{ft) ) $)
1 RS 16.22
2 Y o101
3 1.7 - 16,00
4 1.1 16.07
5 1.06 16.17
6 1.03 ~ 16.30
7 1.00 16.45
8 0.97 16.62
9 0.95 16.80
;u, 10 0.93 17.00
1} 0.92 - 7.2
12 0.90 7.4
g X
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5.4 COMPARISON WITH OTHER PROGRAMS' S :

It is difficult to make a canporison'-w'ifb other 'programs because not

3

all the researchers provide sufficient information to compc;re “details. 1t is

difficult to assess computational efficiency because this depends on the computer

-

processor and one has to know the area of search,. elevation accuracy and .the
»- .

extent of the auxiliary calculations. | c TN
Argaman, Shamir and Spivak's program (1) had two ‘decision varibles -

the fall across each stage and the drainage direction for each stage. The

»

e CL
other researchers had one decision variable - the fall across each stage.
: ! : . .

-
W

‘Researchers used different definitions for the state of elevation
variable. The author considered the state to be the -enqrgy line®elevation.
Mays and Yen (éb)_qsed the crown elevation as the state. 'Mereczlifh (ZZ.), |
Holland (19}, Ar'gamcn and Spivak (1), Dajeni and Hasit ¢7), .Da’igir:i, Gem_mc‘all
and Morlok (6) used the invert elevatAio'n as, the state. THe'r.uUth_or believes

the energy line elevation is better because vertical alignment equations are

normally based on the energ;y line.
Mays and Yen, and Meredith cons.'lslered‘u \manhple to be a stage

“consisting of a pipe of small length. The author considers this to be a -

»

. h]
~ disadvantage because it requires more data storage.

o

In Mays and Yen's DP and DDDP so_lul'i_on,‘for ecchteqsible state,

their program stored the state, diameter, length and siope of-thg pipe. In

. . o -
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the outﬁor's program, only the best decision for each feasible state is stored.
Wheﬁ the optimum decis&ons are retrieved, the pipes are redesigned and,
‘in" addition, complefe vertical alignment data is computed.

None of the papers describe the logic of their manhole ﬁumbering
system and order of solution. The author adopted a decimal numberiné system
for H‘ne m-unhol.es. This makes it easy to locate each manhole and provides a
means of solution order and ir.:dexir;ag data.

Dynamic programming is an effective tool for the solution ;f non-
branching systems. = Simple effective programs can be formulated for this
problem, e.g. Meredﬁ‘h. | . ;

With a b;fan;:}iing_} system, the solution is more complicated and much
greater storage is rgquii:ed. . Savings in storage could be effected if o'nly
the cheapest cost solution for each Prunch was stored. This appears to be the
approach faken.”by Merri& at';d Bogan (28). |

Th.e author believes that his program is comparable w:ifh those of
Merritt and Bogan,; and Walsh and Brown (39) with the following excepficms':

| 1. Mermitt and Bogan's program includes a pumping station,

2. Wa:\lsh and. ‘hBrown_ have a unique method of accommodating

critical elevations along the !éngih of 'a sewer.

With regard to the pu;ﬁp option, it méy .be difficulli' to incorporate .En
the program qppropriate‘pum;‘a head-dischargé relationships and costs which would

be necessary for the optimization. The author believes that pumping station

-
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requirements are usually identifiable, and it may be better to select the puhpihé
station location and perform the pumping stqtion‘ca!culafions separately Fromlther.r
sewer 6ptimizction. Systems\v\v}:ich require ﬁgmping stations can be divided into
gravity sub-systems. |

The author notes that the researchers quofiad did not discuss the
implications of cost vs diameter in cumujuting'E;mr:nch costs,

The author used the cu-f state tecI:'hnique at a junction. This means
that if there are NJUNCS iuncriq.ns in the p_roblem,; there are NJUNCS + 1
serial systems in the prqblém. Mays and Yen (26) adopted a different approach
because the cut state method "often has diFficqu;'{ in defining the main chain and

also requires large computer memory to store the computed information for the

branches.” In their method 'main' sewers are treated as a series of serial sewers.

Thus, there would be 2*NJUNCS + 1 serial systems, in the problem. The author

agrees that this method would make for storage savings because the branch outlet

" solution data couid be stored on the scratch file,
: )

. The author recognised that the DP approach would be expensive in

at

execution time and so adopted a two -pass system for his program. Mays and

*Yen used a DDDP approach to save execution time. They showed that there

. =1

are considerable savings using their DDDP program as compared to their own

L)

=~

DP program. for a 20-sewer, 4=-junction problem, their DP progrom required
13.0S compilation time and 100.7s execution time; their DDDP program required

for the most efficient solution shown, 17.1s compilation time and 13.1s

3
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L

execution time. The elevation accuracy. of the DP solution was 0.02 ft,

-

- The DDDP- solution was terminated by the minimum allowable cost difference;

the élevation cx;;urqcy was of the order of 0.01 ft. Both of these elevation

accuracies seem more than sufficient for a practical problem. For a 11-sewer,
3~junction problem the c:ufhogr)'s program required 17.5 complication time and 15.5
/ ’ .

execution time. However it is difficult to make an accurate comparison with

other computer programs because computer efficiency is a function of the type

~ of processor. ‘In addition, one has to know the afea of search and the extent

N

N ‘
of the auxiliary calculations. For example, the author's pipe cost equation was

composed of exponential terms in the variables of cut and diameter, whereas

Mays and Yen's pipe cost equation was composed of first order terms.
The author queries the value of the DDDP approach. The optimum
state trajectory will 'normallyn lie close to the states defined by the minimum

cover. A coarse grid search in the minimum cover area may be better.

The time to convergencexto an optimum solution depends on the initial trial

trajectory which is selected by engineering judgement. If it is not clear
where the optimum state trajectory may be located, the DDDP approach may

require greater execution time than the author’s two pass system.
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CHAPTER 6.0 SENSITIVITY ANALYSIS

3 N

: An.i analysis was performed to explore the sensitivity of the solution

decision policy to the relative magnitude of the components in the pipe cost

equation:
U =a+bcd+ eDf
where ,
| U = cost pef Iinéai foot ($)
C = depth to subgrade fft) JEN
D = pipe diameter (ft)
a =9.73 |
b = 097
d. = 1.6‘
e = .826 ' | ‘
f = 2.387.

In this type of equation, it is not possible to completely distinguish
between the pipe cost vs excavation ond backfill components. However, it

was assumed that by varying coefficient e, an indication of the relative

importance of pipe cost vs excavation and backfill costs would be obtained.

" All the other coefficients in the equation would remain unchanged.

e

-~
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An attempt was modé to relate the.eff'ecf.of the e coefficient change
to a dimensionless quantity, relative 1, where | is defined by:
| = (2U/2D)/(2U/2C)
Let 1 for the derived cost equation be called Iy and | for other
cost equations be called lo. The Ebrresponding e values are eg and eq
Then relative |, Ir is given by:
e o= loAg .

€o
ed

It was anticipated that if a renge of relative I's could ‘be identified in which
there was no great change in the solution policy then a designer could prepare
a preliminary sewer syst-em design for tender, and select the final design using -

tendered unit prices with the assurance that the design policy would not ghange

appreciably . ‘ ,

A 5-stage sanitary sewer serial system adapted from f’nehesg\n’a
Construction of Concrqtg‘Sewers (1) was used for the sensitivity analysis. The -
sewer layout is shown' in figure 6.1. The design criteria were: |
1. level ground surface at elevufion, 600.00,

2. density of p?p%on,]m p.p.a., |

3. averqg;e rate of sewage'flow, 200 i.g.p.c.d., .
4. Harmon formula for peak domestic flow,

5. irnfi.ltrgﬁon i‘ate, 1500 i.g.a.d%,

6. parﬁo-l'f fl;::w analysis,

7. minimum cover, 8 feet,

)"
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8. minimum full flow velocity, 2 F.E}.s.

9. Manning’s n = 0.013, !

10. minimum pipe diameter, 8",

11. pipe diameters increased in 1" increments.

To reduce the effect of the discontinuity of commercial pipe diameter;f
the pipe diaffeters were increased in 1" increments.

<

The problem was solved with:

1. e = 0.826 (as per original daota) |
2. e =2%0.826 ' F\,
3. e=0.5%0.826

The optimum solution details are shown in table 6.1.

The pipe-s-.izes selected for each solution reflects the interaction of tlhe
excavation and backfill vs pipe cost components.

The pipe supply "and installation costs for a 15-inch diameter sewer
in a cut of 12 feet are $16.3, $17.7 and $15.6 for the cost equations used
in solutions 1, 2 and 3 retkpe;tively. The pipe cost component, as given by -
the term containing e, is $1.4, $2.8 and $0.7 respectively.

The results indicate that if the relative | value is 2, appreciable changes
in the optimum ouffall energy line elevation may be obtained. If the relative
I value is 0.5, lite change in the optimum outfall energy line elevation may
be obtained; this is because excavation and backfill costs represent the major

part of the system cost and decreasing the pipe cost component does nat



' Poiuﬁon

Cost

®)

Relutivﬁe
Cost

Cutfall
ELELEV
(Ft.)

Pipes
Used

Relative
|

26,783

1 .

586.9

. Gn .) .

10
15
15
.- 15

28,1421

1.05

585.9

10
14
14
14

26,031]

0.97

586.9

10
10
15
15
15

0.5

Table 6.1

SENSITIVITY ANALYSIS
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. mategidliy effect the solution.
Further llesulfs are necessary to identify the range of relative | values
in which there is minor chcﬁge in the optimum outfall energy line elevation.
In addition, the designer would have to safisfy himself that this range reflécts
the extent of variation to be expected in the tendered prices. In the event that
this assurance was not possible, the designer may have to constrain the solution
to meet mandatory elevations.
In concllusion, it may Ee stated that o morg extensive analysis on
a larger sewer system is necessary in order fo obtain firm conclusions. In addition
the cost equaﬂc;n should be ;:ornposed only of the sum.of the terms containing

the two variables.



CHAPTER 7.0° SUMMARY AND RECOMMENDATIONS

Simultaneous optimization of sewer system Iayout, sizes and vertical
alignment is, at present, not practical for large sewer systems.‘

Optimization of sewer sizes and verfical alignment for a fixed layout
for large sewer systems is practical using the technique of dynamic programming.
The optimization is particularly beneficial for use on sewer sysfems located in
* undulating terrain.

The _u_n:erfainfy of obtaining relicx_bié cost data detracts from the value
of sewer optimization programs. However the author‘ believes th'at such programs
should be used because they present the most logical attempt to obtain’the
optimum sewer system cost. It may be possible to use tendered unit prices
to finalize the system design. | .

Further work to improve the author's progrc:m should be directed to
better utilisation of the arrays as discussed on page 119.

An analysis should be carried out to compare the efficiency of the

author's, two-pass method to the DDDP approach.

U
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LINES=15
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FORAT (16,18 541)

NIACIPAMY =F| "AT (DT 2}

WRTTF (NN aT) IPThQ(fPL¢(!”ﬁ”-TC”L}’TFPL:1-SFUT)
FAn AT (aXsT1ha,]1555,1) :
CONTINUE ° -

REAN {MT.8%) (SCLFITY T=1sMSHAFT)

FAapu“aT (AFIC,.5) ) T
WRITE (mh,ol) ’

FORVAT [ /48X 15HAFT CORT *PRAY i, /)

VRTTE [RNNQ07) {(SALF{T 1121 MSHATT)

FORYMAT (X 412F4.1)

READ (N1,90Y (MCLFITY) I=1+MPIPTS)

WOTTFE (A 110)

FARYAT (/»8X,1I0mD DIPF QST APPAY 1, /)

HWRPITF {(MOS107Y (DCLFIT I+ I=1MNPIPFS)

GO TOo 1130

CAMTINIE

READ (MT-RD) (NTALTY2I=1MNPIPES)
CONTIMUE . ' '

SEAN (NMT,90) CONY

WETTE (MDs1A7) CROX

WRITE (MDL1%0) .
FAPYAT [ /+8X 4 tPIPE DIAYFTERS [TNOHESY COMSTAERFD =1
WETTE (MAL1n™) (STALT ) Iy ewpInFgy

EAnvAT (EX,17F5.7) ’

FARYAT (/45X VMAMUALE O0X COST otaFé. 1)

NRUN=D

CANTIMNUE

>

&
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CALL PN Ir O RaT Ly markrY nTerm o Clly 0] 7L L7 CLTVL.TERTST, .

T rAnn T INTAAr G IC AU TEL O S ITECTT NS P LW TIE S RO,
Pl AR TA LD arRAY S Prrc T D ANT DRI L OVEII DY
S YA DR IOT L ARNAR (O] T DTN PEAL L G S DR TNV R TT g,
AL ENT AR SRT AN AT OV LK M) [HE SR I AX AR, AN LAY A UM

[ SRS LR LA LA RILE SIS | \
te [(eDrm e eDnAnty i T 170 -
nERIND NI
cTee
Far

. . '
." -

L
. .
;
o~ . ]
- .

e
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FUNCTS

SUORRIUTN{OUT AL WL ST .-
CONMTUTES Jr1le oF 7 1pF
USER Sudtpiin Fur 3T
CUT = DEPTH 7o DUGGH
Dia = PI=L DIANCTTH
PLNGTH = iPZ LENGTH

UNTIR = 9473 # o irTuCUT#Y]a4 + o02ATDTA8m2,307
FRICEr=uNITr~PLaGTH
RETURN . -

END
FUNCTICH PRIZECIHIIGHT DI N

COMPUTIS FRICE GF DRCPM PLIPE

USER SUPFLIED FuncTion

DIA = DIAVCTIER ~F N2CP PIPE (FT) <
HEIGHT = $ROP HEIGHT (FT)

UNTITP=1ve+1a DA
PRICED=UNITP*HE I GHT
RETURN

END

FUNCTION PRICES(HEIGHT)

COMPUTES pPrRICE °F SHAFT
USER SUPPLIED FUNCTION
HEIGHT = SHAFT HLIGHT (FT)

PRICCS=171e18+37491#HEIGHT+2 0@ v UL TGHT 240~ NCO¥HETGHiTH®A

RETURN
END .
L FURCTICN LOCATES{IJ2LOWESTHIHCRNT)
RETURNS THE IDENTIFICATION MUYPER FOR THE STATE -
: ~

LOCATE=(1J=-LOWESTHINCR T/ TRCRMT
RETURN -
END
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SURRAUTINE DR SIar  TAST N OE L T NTED Oy D CLSSLELFY W ESTEST,
1 fSTDT.}FTﬁC?‘IFLTU.IELCL,I“”F'T.JNS.JU-JL-VTIQSaV?EC-
ZOVPRNCH ORI BRI rY (Pt T LD N0 G EOFTH L S PVEULL s PV TN
3 o','!--a,Y.r‘nrr*T“.r-.nh"«rw,ﬁMu;_qf.n}v\\.'r\'ﬂ.r'-r,\{_n‘_-,r*t,‘ruv.,r‘mg--\,'.ﬁlr\r‘;,
HOSD AN TR AN A VX MG TMEC N IAX G NOBNEH MO AY L AV A NI
C
C 1% THE FIDPOT DAGE Tis bongniv UIS0S 1 FT STATE TaORFEnrmTA -
C 1M THF Sr0AaND PASS Tur pRAaRAM HIGES N1 FT STATC [HMIREMENTC
C TYDT AF pIPT = ACTY 7T Doud L
C ALL TLEVATINAMS Aen uialaeliM £AVER REALIRDEYENTS T
€ FITET RUC1r pLace _ .
C MPIPES = "AXTr e mpiveemen nE N1nc CIZre FANSINTRON
C NlavPINrnY = PEFAMLT DIPE S1ZF
C = 47 InCHES .
C RDIAMMPINGS = 11 = “AXIVUY AUTFALL DIAYTTER
C T = 20 [MCHTS
C DIALLY = SUALLEST S[oF q1ze
C = B IMNCHES o
c .
[alabliblat SISl O BTV IS P abalal P et ol NN SRR IR ol B 2N S LR SO aFal 5 SPR IR BFRFa IS T oo I
1 TUS‘”F‘(“\sT“P-Y-*P‘{‘"TtI,?Y":‘Pu"F‘Tf‘ﬂ"‘."!',(291a
bd AC°FS(10P1.DHHM(1&01)Din"nx.“CoTu.ﬁqnp. ~
3 OEMINNY,
H FALL
5 Go
& TUGS{IT01,INCSI100)
7 NLINMES sMSTAGE o131 4 RN,
8 PEAKFS,PNDD(1N0YPIPEWPT
COMMON DADD(XOO)v@hﬂhxt]“O),COHEN(1001|
1 QFULLs L
2 RCOMyRDOM4RINDWIRINFSRIMANM S RUNIICOY
3 SLOPELSTIGM3, ’
4 TYPE(130)»
5 UMHNTT1OO0Y
6 VMAY sV INSVELILL » VHAXP Y THP
DIMENSTNAN CRSTIlr g aX S aX s LAY AKX
1 DGELEVELINESIaDTEMPINGI A Y
2 ELCUILINES)vFLCLILIMES) sELOLTYILINES) !
3 FSBESTINSMAXISFENPTINEAXY y
& ISTAGELINCI}»IELCUILIMES) » IELIL (LINES Y TOBESTINSY XY, wﬁ
S TREACLIZ2) 2 SNSINIMAX 2 JUILIRTS I JLILINES )y
6 KRTIESILINES)Y+KOECILINES Y yKERNCHINYRNCH Y »
7 POTALLINES s PENE T OY L INES Iy PCOSTILINES)YPRLOPEILINESY,
B POFULLILTAOESYyPVFULL{LINES)
9 PVHINILIKES 2 PVHAXILINES A POEPTHILINI S HPOROPILINES)
DIMEMSTION PMHLSSILINES v PINVOP (L TNESYsPFALLILINESY
1 PUINVILINES) sPRIRVILINES S PIPEJIMOMAX s HE AN W LAYMAXY »
2 SDIANMIMSEAX Yy SDTAMJINIIAX s NMSHAX Y »
3 UGELEVILINESY o XJIM{IMNJIMAXY
INTEGER H5sHD
DATA TBLANKSITIEDL+ITIED?2/3H s1H s 1H®/
C L
C SET CONSTANTS
C
LOWEST=0
Pl=3.1416
G=32.1?Q

1BF=25 . ,
1BF1=1RF-1 '
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‘50

FiGY=0420al

ICPfi = 0 s NC O IRTERVEZDIATE RESULTS PRINTFED

ICPT2 = 1 »INTerx¥ninATg RESLILTS PRINTES
10PT3=1

SIGHN3 = Cey FAR FULL FLOW ANALYSIS

5163 = 3., FOR PARTIAL FLOW ANALYSIS

SIGHG = Cew FOR 1T FT STATE INCREMENTS

SIGNG = b4aey FOR &1 FT STATF IRCPEMENTS
SIGN3=0.
SIGE\}{-t:O-

WRITE {(NOs1 7}

FORYAT {11 // /8K tEANITARY SEWER RESIGH

OQUTPUT RUNSDATE ARN USER

WRITE (MO 2C) NOUMa iDAY IV ONTHLIYE P LTUSIRI I s 12198

FORVAT (XU [ 243X tDATE 1343 X003, 1Xs JEanXs VUSEFROWSAL// /)

INPUT PRODBLFM IDERTIFICATION

READ (NIs33) {IREHII),I=!'iZJ
FORIAT (12A4)
WRITE (NO»4v) (IREM(I141=1412)
FORMAT (sXel2Aa//77)
- b
PiPT CESIGH CRITERIA

wr

DIAVMIN=g.

RMANN=C,013

VMIN=20

VMAX=15.

COVHIN=T. -
COVMAX=25.

PEAXFS = SIGNAL 1D SELECT THE PEAKING FACTCOR

FOR HARMOM FORMULAs PEAKFS = C,.
FOR PEAXING FACTAR, 5/P1C00%%".2, PEAKFS
'y

PEAKFS=C.

ANY PIPE DESICN CRITERIA CHANGE
ANSWER 'YESt GR LEAVE A BLANK CARD

READ (NI+5C) IYES .
FORMAT {A3)
IF (IYES.CQs IDLANK) GO TD 76

INPUT MINIMUM DIANETER EG « 110!

INPUT MAMNMINGS N

INPUT MIRIMUM AND MAXIMUM VELOCITIES (FPS)
INPUT BENTEUs AMD mAXTHU» COVER IFT)

INPUT PEAKING FACTOR SIGNALs PEAKFS

INPUT SI1GN3 VALUE

1.

5

145



N e

-—— s

19
COREAD UNTasT ) DIAL I MMAN s VTNV A X OOV T C OV AN G PEAVT S S 1GN
60 FCRYAT {BM17.%)
73 COMTINUL .
¢ ‘ .
C ECHO CHICY THI DESIGY CRITINIA
c .
© WRITE (nLgos8Y)

80 FORWAT 18X 1LTSIGH CRTTERIAYY/ /)

WRITE {10, 00) O1AYIN 0
o FORYAT 18Xy 1 It DIAVETER INCHEST =14Fa, 0)

WRITE {M021031 oravm -
120 FORTUAT IgXaroanp(acs =t,Fg,1)

WRITE [RCr117r) VI UmMAN

146

119 FORVAT (6Xarrin[Ur VELACTITY (FPS) =rFa.f/iaky, inaX1ous VELACITY (F

1P5) ":'iFh-:})
WRITE (NCW120) Covvit,cnvea
123 RORVAT (exXyrteliy COVER (TT) =
1+F441)) . .
IF (PEAKFE~141 177,150+160
130 CONTINUE :
WRITE (NDslad)
140 FORMAT (585X, tPEaAING FACTOR HAR'OM FORMULAY )
GO 1D 170 ,
150G COnNTINUE
WRITE (MOv16%T)
160 FORIAT [5X41PPAKING FICTOR = 5,/{PCPe=0_ 2y 1)
170 CORTINUE
IF (51GM3-3.) 180,000, Pan
180 | CONTINUE
WRITE (ND»19C)
192 FOR¥AT [5Xs tFULL FLOW CONDITIOHS ONLY )
GO 1o 220 .
200 CONTINUEC
WRITE (NOs210)

b

i

210 SRUAT (85X 0N FULL FLON CCMDITIONS CCMNSIDFREDY)
220 ONTINUE
C .
C DESIGN FLOW CRITERIA )
C :
C DOMESTIC FLOW (IMP GALS PER CAPITA PER DAY)
C COMMERCIAL FLCW (1MP GALS PER ACRE PER DAY)
C INDUSTRIAL FLOW (I[P GALS PER ACRE PER DAY)
C INFILTRATION [IMP GALS PER ACRE PIP DAY)
C

RDOM=106.

RCOM=3750.

RIND=5CC0.

RINF=2500.

ANY CHANGES TO THE FLOW CRITERIA
ANSWER 'YE5' OR LEAVE A ELANX CARD

RFAD (NI+50) IYES .
IF (IYESLEQ.IBLANK) GO TO 230

. READ (N1,60) RDOMsRCOMORINDIRINF

230 CONTINUE

¢ ;

C ECHO CHECK THE DESIGN FLOWS

a¥aNalal

Faalsy /05X, 0 MAXI LY CovER LFT)

[P
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¢
WRITE (MO924G) RODI,RCOMATINNINF

240 TORTAT (RXa00AUFSTIC FLAY (1P SALC/CAD/NAN Y 20y Fh o0,/ (R, 1 CRUNERC
TIAL FLow {1wr GALS/ZACRE/ZDIY) = aF T D) e /{RX4a [qRUISTRIAL T AW [1vr A
PALSZACPE/™NAY Y w98 7,0 /00X 1T ILTRATION (1P AALS/RCRS/NAYY =0 .1

C

376074010
C CCLLECTION SYSTEY DATA . -
C

WRITE INC»252)
7250 FORSAT (8Xs ' CHLLECTION SYSTE' DATA /7
C
C INPUT QUTFALL PIPE DIAMETER 1# INCHES
C INPUT OQUTFALL ENERGY LINE ELEVATICHY 1O FIRST DECIMAL PLACE
C
READ (NIs62) CUTDIALQUTF AL )
WRITE (MOs267) QUTDIA, DUTFAL '
260 FORAT (aXs 1 nUTFALL DIAVETER (INCHES)Y =1aF4,0/5Xs+QUTFALL EMERGY L
1INE CLEVATINN ='3F6a2A) : :
DIAVAX=OUTDIAZL1? o +0 .0

C
C INTITIALIZE TS57TAGELL Yy UPPER FLEVATINM CONSTRAINT ELCULI
C AND LOWER CTLEVATION CCNSTRAINT ELCLET) .
C ISTAGE(IY = Ty 17 THERE ARE MO COMAST?AIMT FLEVATITNS
C ISTAGE(D) = s IT THFRE ARE CTMSTRAINT ELEVATIONS
C 1 = SFEWER NUMBFER OR STAGE
c
LMI=LINLS-]
"DO 27C I=l.Li1
15TAGELT) =0
ELCU{i}=0. : 7
ELCLtiy=0."
270 CORTINUE
C . . ~
C FOR EACH SEWERSTEMTER IM ORDER QOF TYPICAL HAMD cALCJLATION
C UPSTREA™N “ANH?gg MUMDER UMHNITY -
C DOWNSTREAM MAMATLE NUVBEQ, DUHINLT)
C UPSTREAM GRCUKD ELEVATIAN, UGELEVIIT
C DOWNSTREA'M GROUMD CLEVATIONs DGELEVIIY
C LENGTH OF S5EWERs RUNIT) ’
C ACREAGE TRIDBUTARY TO THE SEWERs ACRESII)
C POPULATION DENSITY, POPDIT)
C TYPE OF FLOWs TYPEILI)
C ADDITIQNAL FLOYs GADD(I) :
C UPPTZR ANOD LIWER CONSTRAIMT ELZVATIOMSs CLCUIT) AND ELCLLID
C ALL ELEVATIONS TO THE FIRST DECIMAL PLACE
C LEAVE A ELANX CARD AT END OF DATA
C .

DO 290 I = 1sLINFS o _
READINT»2RC) UsHr (1) oD Hn {119 UGELEVI 1) sDRELEVITY sRUNI T2 ACRESLT) »
1 PCPDITY W TYPECT I 0OADD (1) oELCUITI SELCLITY
280 FORVAT (11F7.3) , _ ‘
IF (UMHN(1)4LTe14) GO TO 30O
290  CONTINUE
300 HLINES = [ -1
¢
C ECHO CHECK THE COLLECTION SYSTEM DATA
c )



148

il e bl g

WRITE 11C.310) . ‘

313 FORYAT l‘,‘Xt'L]_‘!f-'|?Xv'L"'Z'i"f'|l’|>:1":-"l".‘:'o?X-l'LVT‘TLFV'!IX"DGELFV'|1X"‘
IRUN Y 2% VA TRES T TN tPEPT 2 IX T TYPD 141X ' OQADDY) )
WRITE (1iCs32.) : : )

%o FORYvAT (20X, 0 {eTyry2X o [(FT)oa2Xp o [ETI 1A {CFR) 10/

DG 33C 1=1sHLINES - .
WEITE (M0 2) (TaUMHNE D Dy LD o VSR L TVIT ) o PGTL IV T o rUN Ty ACDE S

T PORPDI Y TYPT LI e AR LI N . T
330 conNTINUE ) :
- 340 EARUAT (X130 2F R 29 0F e 0T 8200F 8,1 0FeloFhensFghe? ) ~&
WRITE (M092540)
350 FORYAT (55X t00MESTIC = 1e "o Xs tCAVUTRCTAL = 26 taLXot IUSTRIAL = 7
1e"9/77) .

C
C ECHO CHECK THE CrAYSTRAINT LDLEVATIANS
c -
HCONST =3
DC 365 I=lefiline
IF (ELCUL ) wilfevad 1STAGEII)=1
. IF (ELCLITT eNEalal NCONST=NCCNST4]
360 - CONTINJE
IF INCONSTW.LT«1) GG TO 418
DC 400 1=1sMLINMES
. IF {ISTAGOLII=T1 370,370,370
370 CONT I NUE
. WRITE (MO»382) ISTAGE(T)}sELCUETYZELCLIT)
38C FORMAT (X2 v 2TAGE =t a2 enXa ¥ IMDL EHAERGY LIMNS ELEVATICM ='+F8.2
1/72CXy tAXTMUY ENERGY LINS CLIVATION =staFe.200
390  CONTINUE .
1 400 CONTINUE . ' : .
410 CONTINUE

DESIGN SECTTION

aNalaNalnlalal

COMPUTE MAXTHNUM AMD FINIHU” FLOWSy GDMAX{LY AND QDMIN{IT}

CALL FLOV _
WRITE (MNCA20) (TanDVAXTI N I=1oMNLINES)
20 FORMAT (5% 1314%X,'CRVAX ='3F5.2) ‘

FIND JUNMCTION NUNBERS AND THE NUMBER OF PIPES IM THE BRANCHES
KBRNCH{1Y = MUMBER OF SEWERS IN BRANCH I
XIN{TY = JUNCTITOM NUVYBER .

a¥a¥aRalak s

DO 430 1=1sNBRNCH
KBRNCH{ )=l
430 CONTINUE
DO 440 NJUNC=) sNJMAX
XJININJUNC)I =D,
440 CONTINUE
NJUNC=1
NJUNCS=0
LARGE=Q

DO 510 I=1sKNLINES '
TUBHN=UMHNGT )
]

I
IDMHN=DMHNIL
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IF (IoitiaGrlalARCl Y LADSD =1L
EOBRNCH CTUS ) = KRR ety +1
IF (JUYhNGE Y iy 6O T 817
1F INJUNC=1) 45054074 4A7
450 ConTInUE .
CO &8 w=lsXMAX
IF UxJrirmre D000y G T a0
17 (XJ\‘(?(}\—“-) L7086 Qva T ) . .
46U ConTInvE : -
XJINinounCr=DlHNT ] )
NJURC=nJUNT+]
G0 TO 5CO0
47w CONTINUE
480 CONTLMUE
490 CONTIMUF
XJINCY Y20ty
NJUNC=2
500 CONT I NUE
510 CORTINUE
NJUNCE =N JUMC=-1
IF INJUNCSeT Dev ) NIUMES=T
DO 520 I=1»NLINES
N =UHN T
=0HN (DY ‘
MHMaNE« TOPHMT KBPMCHIDYIND) s KERMCHE TDIHM) +KARNCH L TUYHN)
UE

52C  CONTI:
C

€ KSER = NU“R
C

) hl
LRAMCHES

KSER=LARGE : .
KSERP1=KSER+1 ,
C ]
€ FIND HIGHEST “05T UPSTRLAM GROUND ELEVATION
C AND CORRESPORNDING BRANCH NUMAZRs LLHIGH
C
UGHIGH=0,
DO 580 L=1+KSER
LL=KSERP1-L
DO 550 M=1sNLIMNES
TUMMN=URHN L)
IF {JUSHNLGNESLLY GO TO 540
IF {USELEVIMI-UGHIGH) 560s530,513
530 CONTINUE
UGHIGH=UGFLEV (V)
LLHIGH=[UVHN
GO 10 570
540 CONTINUE
550 CONTINUE
560 CONTINUE
570 CONTINUE
580 CONTINUE

STATES _ARC (DISTAMNCES FRCM THE DATUMI#1C0
MEASURE THE STATES POSITIVE NCWNWARDS
TAKE THE STATE GATUM THeQUGH THE ENERGY LTHE ELFVATICON
AT THE HIGHEST MOST UPSTREAM CROUMD FLEVATION

FOR FULL FLOW COMDITICHS , THE INSITE TOP OF THF PIPE
FOR NON, FULL FLOW CONDITINONS » THE CENTRE OF THE Plp

[aNalakalaRalal
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cC

PHT I IDIAINAIT a4
X=UCHTGH=-COw [ -PuTr I N

IF {51620 X:UGHIGH—CF=V".H‘“—W'.'.'T”.I‘\!-C-5!'-DIA\'I'!/]2.

f17

C COMPUTATION STARTS wbnf oN THD SfC2HT PASS

C
590

C

CONTINUE
REWIND NTR
MFLAG=0

C CONVERT THE GRAUMD [CLTWATINRTL Yo STATES

C

600

610

620
630
C

¢ COMPUTE THE
€ SET THC STATE
C SET THE LOW DECILZIONs LOWD

C

640

650

660

DO 630 1=4.NL1
UGS=— (UGELTV (]
DGS==(RGELFV ]
IF LS16GNL=6,)
COMTIRUE

IF (UGSaLT e el
IF {DOSeLTan o)
IF tUCSaGle 0
IF (DOSeGl et
1US=UGS
105=0G6S

NES

) -X1
1=-X)
6079610

TUGS (1Y =105 10D

1IDGS(I ) =108 #1C
GO TC 620
COMTIV'UE

-UGS=UGS“13.

DGS=005*10,.
1US=UGS
1DS=D6S
TUGSITI=1u5#1 0
IDGSIT)=1D3#10

- CONTINUE

CONTINUE

-~
-

MAXIIUNM STATE
AME DECISTION THCREMENT,

OUT =L (QUTFAL-X) .
IF (SIGN&=04) 65C,640,65"

CONTINUE
OUT::OUT‘.’O-S
10UT=0UT
MAXS=TOUT#1UD
INCRYMT =100
LOWD=100

GO TO 660
CONTINUE
oUT=0UT#*10,
1oUT=0UT
MAXS=10UT#]10
THCRMT=10
LOWD=10
CONTINUE

2607

MAXS

THCRMT

150
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C IF NUYBLR OF ITATES CRLELDS THID ALL~WADLDs MGVAY
C. TERMINATE 1:E JOB
C
NMS =L OCATE I A AXSLOWES Ty 1R YT)
[F (NNS=NIUAYY 660 6%0467C :
670 CONTINUE :
WRITE (MOs630)
&RG FORGAT [//770%a v JOB TERINATED o /68X 1 NUMEER A STATES 15 70 LARAGE

1
RETURN
T 690 CORTINLE _
C ‘ S
C INITIALIZE AFRAYC P

C
DO 700 1=12MGWAX < ’ ' :
IDBESTI)=BREES ' :

70GC CONTINUE
DO 730 pNIunC=1enJUNG
DO .72C T=14NNS )

SDIAMIINIUNC [ 1=DIAYIN/12.

B0 710 LAYER=1,LAYVAX -
COSTHMIUNC Il AYFRY= 0,
PIPEJINJSIC» I LAYER ) =PTIAYMIN/ LD

719 CONTINUE

720 CORTINUE

730 CONT I NUE

C

4

WRITE (HCeT40) h
743 FORMAT (16Xs 1STAGE taaxy tDTATE 2 X e 1CPTIMUM VALUE 1 y2Xy 10RT 10UV AFCT

1SI0ONT L/ /) §
< _ : ‘ '
C SELECT BRAMCH LL FOR CESIGH
C
DO 1610 L=1,%SER
LL=KSERPI-L : .
C

C SET UPSTREAY STAGE M1 AND DOWMSTREA' STAGE MNSTAGE
C FOR BRANCH LL

DO 750 ¥=lsNLINES
FUMHN=UYHR (M)
IF (TUMHNGENLL) M1=l4
IF (JUMHNJEC.LL) GO TO 7692
750 CONTINUE .
760 CONTINUF ~
NSTAGE=N1+KERNCH(LL)—i;///

C .
C DESIGN BRANCH LL P
b :
00 1600 N=N1,NSTAGE
TUMHN=UMHN (N}
TDMHN=DIMHN N }
: IF {TUMHNWALLLLY GO TO 1430
c : .
€ KNUNTY = O» IS5 SIGNAL TACHOCY IF AUTFALL SEWER HAS BEEN SCLFCTED
C KQUNTZ = Uy IS OIGNAL TO SELECT FIRST FEASIBLE pIPE
C DESIGNED IN AMY STAGE
C KOUNT3 = 3, IS SIGNAL To SHOW THAT THERE 1S A FFASIALE

N
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o AL T ]

ANOO NN N

PIPE n7 THO STAGH

AN

KOUNT =0
KOLJA;T2=\;
FOURT3=0

[aNaNa!

INITEAMOTZE FSO0STOI), IDPESTUIL, DT0ep(lY ANMDG Shinav(ly

Lo 778 k=105
FOULST(IRY=E1G" N
IDECST i y=8888 .
FE O ANGIGWNTY NTE i =n1a /12,
. ITF [(HeEZWRIY SDIAMIVI=DTA N/ 12,
77C - COoOMTINUE

T
C SCT THE STATC VARLABLE N5 = LOW STATE | -
C SET THE UFPER STATE VARIABLE Lir1T HS
C SET UPGTREA™ STATE LIMITS JU AND JL FCR DOMNITRFAM STAGE
IF (ISTAGEINI=C) 81C,78CsR10

CONTINUE

o
(&)

FACT = APPROXIIATE DISTANCD PETWEEN THE EMEFRAY LINE
ELEVATION AMD THE Tap OF THE PIPF [{OUTSIDE DIAMFTER)
COMPUTE FACT FOPR STAGE M1 : o ,
FACT IS COMPUTED FRAM UPSTFEA" STAGE FOR OTHER STAGTS

IF (N=-N1) 8204+70C,800

CONTINUE

FACT=PWTHIN : -
IF (SIGR34EQe34) FACTEPUTVIN40.5DIANIN/12.
g00 CONTIMNUE

XNS=— [DGELEV NI =X1+CCVHIN4FACT
XHS=~(DGELIVIN)I=X1+C0OY* 1 X

YNS=XNS+0.5

XHS=XHS+( %

NS=XNS

HS=XHS

NS=NS#100

HS=HS#1C0

IF [(HS«GT.MAXS) HS=WAXS

!F (LL-Eﬁolu'\ND.N-['O-N ST‘\GE’ HS:'U\XS
JUIN+1)=NS

JLIN+1)Y=HS

-
o,
o

GO TO 850

c -~

810  CONTINUE

C \
ELEVCU=—{ELCU{NY=X) : :
ELEVCL=-(FLCLINY=X) ,

IF {SIGN4-C.) 837,820,820

" a20 CONTIMNUE

ELEVCU=ELLVIU+D .5
ELCVCL=ELLVCL+0,5
TELU=ELEVCU

IELL=ELEVCL
TELCU(NI=ICLU#1C0 .
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RCL=TLIVIL : .

TELCUIN Y =KClr1n \\“J//

IFLTE by =weL=1o - .
845 CONTINUR -

ITLaLt =101+
GG T D
RAL O CONTINUE
[LEYC&:?LEVCQ”IM.
ELEVIL=cLTVILY L.
KCo=LLEVIU N

ne=1ELCUUD
HS=1TLCL N
IF {MSa0T W ANE) no=axs
JUIN+1 =R .
Juin+11=H3S i
50 CONTINUE
C
C SET UPLTHRLAY FTATF LIYITS FOR STAGE M)
C DO THIS 04 FIRST PASS ONLY '
c .

IF (51GN4=4.) 86,700,867

860 | CONTINUE

IF (h=M1) 917,870,910

A70 CONTTIHNUE

1F (TUMHN=LLHIGH) 86C.8RNy800
8RO CONTINUE
JUINI=LOWEST
JLIM) =HS=LOWD "
GO Tn 520 -
890 CONTINUE . '
FACT=PWTMIN B

IF (SIGNR.C0e%, ) FACT=PYTHIN+C0.5%D AN/ 10,

XLOW==(UGELIVIN) =X} +COVM IN+FACT \
XLOW=XLOW+0a45
LON=XLOW
LO¥=LOWH 103
L JULNY=LOW
JUIN) 2HS~LOWD:
900  CONTINUF
910  CONTINUE
920  CONTINMUE
c

C IF THE LCWEST STATE 15 GREATEP THAN THE OQUTFALL STATE

C TERMINATE THE' JOB
C u
IF (NS=MAXSY 940,940,930
930 CONTINUE
: WRITE (NO#970) DMHMIN}
p RETURN :
940 CONTINUE s
C
C SET THE DECISIQOMN VARIABLE.MND = LOW DECISION
C SET THE UPPER DBCCISTON VARIAMLE LIMIT HD
C ;.
ND=LOWD
IF (SIGN&4-4.) 950,990,950
950 CONTINUE T

!

XPAXD= { COVHAX=COV?IIND (UGELEY (M) ~DGELEV (N )

J
N

vy
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C
~C
a4

a7y

o
o

-~ C

C IF THE PROGRAIT 15 2N THE SECOND PAGG

CrustE
C

990
1600

1610

1020

PP XMAXDY 7R, 060000
cronTirMUE W

N

WRTTE ANMCSDTIN Bubstn

CIT ThE AVATILAGLD QUCISINN 16 MEGATIVE. TERVINATE Tuf Jou
N :

FocAT /7770 Jet TERCIHMATED =T WAHHALE NUAER = 1, Fa 7/0% 1 1 HEUF

1FICIENT FaLL)

REWIND nTp
RETURH
conTinur

MAXDETFIX (XMAXDY 100,

A

TF Ll alnele ARG Ma D2 HETAGT ) MAXD2YAKS - TURS (M) =T FIXIImYpd 100, )

HR2AXD
GO T 1073 "
Al bl

4]

CLOVATION CONSTRAINTS T4 SET HD

P
CAMTINUE .
[F {N-H1) 1820,1022,41030
CAONTINUE

IF (LL-LLHIGH) 1020s101751020
CONTINUC ‘
HD=1CLCL (1)

JULNY =LGaTsT

JLINY=H5-LCWD

GO TO 1C65

CONTINUE :
PRT=IPDEA(NL /125 +1.) /12,

. FACT=PWT
IF [SIGNT.L043.) FACT=PWT+POTAINTIYI/12.-PENERGY (N1

1030
C

C CHECK THAT UPSTREAM SEWER 1S5 NOT A DUMNY SEUWER

%

1040
1650

1060
1070

C SORT THE JUNCTION COSTS A

XLOW=—(UOGELEV (NL =X+ €0V IN+FACT
XLOW=XLOW#1C,
LOW=XLOW
LOW=L0OW#10 '

TF (LOVWaLTaL WESTY L WaL WEST
HD=TELCLAN1) =L0Y

JUINY =LOW

JLIMY =HS~LDwWD

GO TO 1060
CONT I NUE

NSTHR1=NSTAGE-N1

0O 1040 X=1WNS5THH1

NMK=N-~K

THMK =UMHN ENM ) ‘

IF (INMYLEQeaLL) GO TC 1050
CONTINUE

CONT I HUE . ‘
HD=ELCL (MY =TELCU{ M)
CONTINUE -
CONTINUE

Q
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[T P RN

C
PO 1080 NJIUDLC=1WMJUNG
7 TUMHN TN TC.XJNINIYICY)Y GO TO 199¢
1080 ConTinure - _
GO TG 1148 ‘ Neet T
1806 conTlinus .
DC 1130 LAYED=1 LAYYAX -
[F LCOSTUINS MO 1aLATETNLFR. .Y €0 T 1120
SUALL=RIG
DN 1118 “=1»

17 ('W'LL-C: kI e AN f“cTJ{.u“C' LAYERT &AM WRTTH)Y

4
IF (CCalJ\wd;.C:--LAYLQ).Lt.- AL iuuLL“ PIPCJIN U

155

C JF TUE SEVER LASeSTorA afF THE JUNCTINY 1S BEIMG DESIGNED

~D T2 1120
Ca s LAYER)

[F (CosTai el YET}.LT.SVALL1 SHALL=COST O JUCy a LAYER)
TE LCOST ot aus oo LAY L“).’T.S?'LL] PICEJIN QI LAYTR ) =54 LLe
IF (COATOIN NG LAYEr o 0T DL L) COSTIINDINT e s LAYER ) =20 AL

PR UM s LAY D)

1170 conTInuE

1116 ConTINuE

1170 CnNTINUE .

1120 CoMTIUL °
1140 TMTINUE

1150 I=LOCATEINSHLOVEST»1NCP T
C

C CNYRUTFE THE PIST SI2F

C

1160 CcAanuTInus

NS\a\lD__.pSI_\;D

—

[F NSYND 15 NCT FEASIPLFE. ~C TC NEXT DECIZICH

[ XANA

IF (NS LT o UMY T MSYMDLGTLJL MY 60 TD 1287

SET SZI1A = UPSTIREAM PIPF PIATETER
SET SRTA = JUNCTICN PIPE DIAVMETER. [F APPLICATLE

aNaVala

IT=LOCATEALND DS LAWEST s 10PN T)
S0b1A= DTEVP(IT)
SDTAJ=0. : .
IF AUMHENM M) AR XM NIUNCY Y SPTAJ=SDTAVIIRIUNCTT)
I[F (SDTALLTSDIAYY STTA=CNTAY
1F (SIGN?DE:‘OF‘.) p[rjl" f’I'Df'I(M NTLADTA)Y
IF (SIONY.TTea] PIPE=PIPT2{M N2 5DTAL
C
C COMPUTE FACT FOR USE IN SETTIMNG LOW STATE IM DOWHSTREAM
C . .
. IF (KOUNT2-0) 1180,117C+118C
1170 CONTIMNUE

KOUNT Z=2 .

PNT:(PIPE+1-1/]2-

FACT=PUWT

IF (S1GN3.EN.3.1 FACT=DLT+PIPE-FKERGY
C
C 1F THE DOFAULT PIRE WAS CHOSEN. SEYT v¥OUUIT? = O
c .

IE (ARS(PIPE-{DIAINPIPES)/1241)4LT40,041 KOUNT 220
1180 CONTINUE

[F ArIpC it Cey L\YE").\n..?!ﬁ”J(WJU¥Cs”1} SEOTAMJIM Uy Y =P IR0

STAGKE
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C -
C SoUPLTE THE €A%T ron THIS STAGE :
'S
CanT=UnTr (M ie )
C
c-
C CHTC: IF DTSINY 1S rn STAGE
C

IF (n=r1y 1270,1107,12°0
1170 CAnTIamT

Favsan=".

Ge Yo 10
1200 CorTinur

FETAR=FIOPT{11)

1210 CAnTINUF
C
€ CLVMULATE CpeTce
< - - ) -
FROXN=CALT+FETAR
c ‘
¢ ADD THE TRIZUTARY RIANCIH €ISTS IF APRLICAGLE !
c ;

TE DX N UNE) (FA NI Y FRSX 2 S X CnST N QUM Oy T ) +ONET Jiv gl
NG T2 .

C
C FLAG A TIED S2UTIAM
C o '
ITIED=0
) IF {FNSXMOENLFSRFSTIT)Y TTIRDR]
c . .
C NISCARD SALUTIAG WITH RIAVYETER arraTen THAN CUTFALL nlavrTer
¢ .

IF {PIDE_PTAvaX) 1222,127C+1267
1220, conTInuE

vAUMT =3
C ' .
C SAVE THE CHEAPEST ¢AST THT oFCISION sHD THE,PIPE SIZE
C TITS DREYDH 10 Fayaur ~f LawersT vapurs neECisSTnm
C

TF O (FMEXM=F0PrESTIT)) 12203124041 740 L
1230 FSRESTITY=FYaXN

SNIAMITY=PTIPF

10BEST({11=MD

C R

¢ FOR TIED SOLUTICNMSs MAKE IDATST(IY = - IDREST(I)

C

1240 CONTIMUE s
IF (1TIED.EN. 0y Cn TO 1270
IX=IDPESTI) o
IDBEST{I1a-TAPS{IX) '

C .

C INCREMEMT THE DECISION VARTAALE ND

C
12590 «CONTIMUE
260 ComTIpUF
1270 MND=ND+INCRMT :
IF {ND.LE.H?) GO TO 1160
IF {10PT3.LE.CY GO TO 1310 . “



e

L

C . ol ‘
¢ oAUTRUT ST 7T, TTATE, cnnT, o rnT orOfsinon
e AT IevaL TXECERT Foo THE uTs Ly STA6E
¢ ;
1200 conTINyT
IX=1000"T 1Y
ITIFEN-1TIT M
1E (IY.O0.T) Ar T 1297
17=~1X% -
ITIED=1TI1E0?
VUELAG=T
NPT IEREEE P PR LAl IS LU S S ERE TR AR
172233 FoRAT 16N 12y oX s T4 s5X T 17,248 % T0 A1)
1P lrntsTrenm 0y G TO 1400
c . .
€ jrccEnEaT ThE STATE VARTA+LE NS
C PE-ASSIGH 1D

C
1310 CAnTIMUE -
SRR TEL RS Sl ol
mOELTYD

IT (MEZMSY 1187,1157, 1220
1270 CeMTINUE
C

€ IF THTRT VAT nQ SUTTARLE SEWER FOR THIS STAGE
. BQUIBATE THL 0P  ' B
C

IF (¢AUNT %] 1270, 1287 1280
13720 CANTINUE
YRTTE (MR 13401 DMHNIND '

Ja4G FanvAT £/7/5Xs 0 gnn TERUINATER AT MAMHALE varR

1L SIAMETF® 1S Togo SRt
REWIMD 21TP
rETURM

1180 CAMTIWIF

co

' — _

1E (MLENLNSTAGR ANDLLL. PN 1Y 6N T2 1510

C
IF CTUSHN=IDUHNY 17260,1420437367

C ‘ R

J 1360 COMTIMLE
C
€ STORE THE PINF S1ZF AT THE JunCTICN

C ST~PT THE CnGTS AT THE JUNCTIOM

DG 1770 NJUNG=1 UG 7
[F IXJNINJUNCTED.DUEN(MYY GO TR 1380
ANTIMUF
MTIMME
LAYER=-1
DO FAN0 MM THES
IR IXIMIMJUNC) o F O DVHREMYY LAYFR=LAYER+Y
TFE (UVYHMIM) L FR, UK IN) GO TO 1409
1300 CoOMTINMUFE
1420 CorTINUE

1370
14R0

e
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S taT A, /R, I AUTEAL

€ OIF NFSISN 1S AN THE TImaL STAME AF Tuf VAT PRANCH, G IO
C RAUTINE WHICH SELECTS THD CHEAPEST STWET SYSTEw CNRT

:
|
|
?
|
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e B ATAL e

om0 158

¥,
. <
[Ra 1_!,}7' Ml g T N
CAST IS UM E g PYPR ) T FROEET [0y
CIEr e I S L AYFR 26 T Ah [y
RER LN aalll AN
1427 CAaT IR
ono TS o14n”
C B ,
160N CAnTInuE
C
COASSIAN RAXTIUN UNSTarA STATE LIVITS FAN DoWMSToELY STAGE .
(’ .
TE{AL N nTa U2 ) Jtm+1y = gLt
TEOJUINY G AT QU+ ) g+ y = Juty)
c h
COMAVE IRACSTIMY = O FOP THES STaGE

ﬂ
3

- DN 1aan =y kMg
DREST Ly =D

1440 COMTIMUE
C
1450 - COMTINMUE
C .
C SAVE THFE OPTIVLY DECISION FN2 THIS s124GE ON Taos
¢ ey 1470 v TAPD=] yMM5

J=RTADE -1 12 1BF+1

J34=J+1RF} )

WRTTE (MTP, 1867 (IMAEST() o= J,y J74)
1460 FARMAT (1X+2519%) '

IF {J3% ,ELMMSY G0 TO 1487
1479 ConTINMUFR ’
1480  COoOMTIMUE

1F {(IDREST{T1.,EA,0) GO Th 1200

C -
C PRIMT CIrE S1ZES FAr THIS STACE
C -
VWRITE (HOy16el) (SDIA {K)sK=1sMNE)
14090 FORYAT (13F&,.2)
C
15 (M FOMSTARFY an TO 1400

UPDATE FSORTLW) AMD DYEND (V) TOP UGE AT THE MITXT STAGE

£y MmN

DO 1200 K=1,MNS

DTEMPLKI=SDTI AMIK)

FESAPT{v=FoREST (V)
1600 .CONMTIMUE

cn Tn 1600

C

1510 cCONTINUE

C

C PPIMT THT BIpF SI?FS FAn TUHIS STAGF
C -

WRITE [(MO«14071 (SDIA-(K)1a¥=14*N5)
C : .
C FIMD THFE CHF2PEST CNST FOR THF SPWER SYSTEM
C :

TMAX=1
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=TT L.

[T N P L

T-.'_‘:O

1840

1E50

1560
15792

1670
161C

1670

ANaNaEANANANA!

1630
C

NO CNLT WAS

T g1 Trar ="y TEan
CnuT g

LS AN

LU e ekl

e TA i“#”

CanTivn e
Sh=lELTRM)

CruTiemE

1V In =l nCATE IS L P AT,
FEACSL=PT Y
[DErSL=nnan

Do 1RTT g=Irira Ay
:r [ry.nrr.T(J)_rt.nrrL]
Cony e

FoarTnl sFanesST))
[oeEsL=InrETTL)
veUrT iz

CruTIvuE
conTaIneeE

WeTTE (18R T

FARVAT {/77/78¥ 0 J0R TrR“i“"ED

REWIMD MTP

RETUMN

ConTINUE
IPRFSTIvOtT I = I NAESL

FERTSTIvAUNT I =FaPES]
l=wriinT)

NS = (KAUNT I TMERNT ) 4 LA ST - !kCP‘T

GO T 1280
COMTITHUE
CORT TMUF

IF (UFLAR,GT.0) WeTE
FrouAT (715Xt AFTER THFE ~ADT Tt
1LTFRMATE rPTIvAL PECTIOINMS FXTST)

RECOVERY SFCT

STLFCT arimCH L FAP DFSICS

N 2250 L=1.¥5F0

[TEPA, P n

ft]( nu‘r)

120 1nAN 1 E RN

CIF {/UMTTI MDY 6n TO 1800

(MNy1A2D)

I CN

IF {L=-1) 1670175041530

CONTIMUE

SELFCTERN, TEPeIeaTr Tee gne

AT QUTFALL

nect

C FIND THE STATF TLEVATION OF TIHf MATH SFWER
C AT THE DOWMSTREA® EMD NF BRAMCH L

c

Do 1640 LL=1sMLINKFS
TUNMHAM =t Ha [ L)

IF (ITUMHMWGEN LY P1=LL
IF (TUMHN.ENL)Y GO TO

1650

N

Siry

gn
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MAMHALF 1)

IMATEATES sy /718X s 1 THAT A




el s b g

P

160 CAMTUT
TSN IonTlenr
PETArF o 4vDose iy -1
Il T A A A R L L e
TR [(mrammrTamoy (Ta vy (v ey ) an o e g sy
. [F Invnm(anT ey ra Y o gurayy Ao TA 1670
TLET  CONTIRUR
1670 CoNTINne
C
C T]ll"‘, T|II‘ Lr\‘.”‘ST _".T)!TC' ',‘ri-ll""-l "-1‘"’:5 Tl!l‘ /'llF"‘pC'_f_T (‘r‘\;T
c .
LAaYlMe==t .
La T WAL SRR BN IS O X o
TE DX (n sy (Fa, mot Y ) L AYED S AYER «
IF AUy on UM (vgTAAT Y AN TN 1499
16477 CoNTIiE
1A00 CART
T=L0CATI NS L AYFET (TR T)
11=1 .
SHALL =C ST I JUYT 3 T 8 LAYFD)
A 1700 Vo] ,oag
C1=11-v . _
IF (CASTINMJUNC Y TSsLAYER) LGS LY G0 T Y700
. o TH 1717 : =
1700 CAMTINIF

/—\710 grNTIRur
- - ]:]-Fl

NS= (A INCOMT L AHE ST T eRT
i
'C BACYSPACF TAPE TA THF FoANT OF STAGE. MSTAGE
C . '
nd 1727 v=1,¢TAPF
NACKSPACE NTR
720 ° CANTIMUE

READ. THF ARTIVUY NECISIANS FOP STAGEs MSTAAE
SFLECT THF RFST reECISIny )

[aFaRava

-Bp 177C vw=1.vTAPE

PACKSPACE MTD S
1730 CANTINUE ’

N0 1740 ¥z wTAOF

Yvz{v_-1)rTAF4

VaAh=vv4aInr] . i !

READ (MTP14ARDT (IPAFSTI I s J=K¥ ¥4
1740 CHANTIMUE ’

IX=IDNEST(])

1750 CONTIMUF
T MT=MSTAGFE
JS=MS
upaM
VRECIV?Y=1X
MTYsC
IF (IDREST(I),nT.M) o Tn 1810
NTY=MTY+1 -
KTIESINTY =MD
nO TO 1a1n
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1765
177D
17an
p

c rra
¢ SFL

C
17790

1800

1410

1M

a¥aRa e

120

1810

1840

1850

1860 .

C PUT
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CrnROT TARE TN SACITIAN [N [RANT AR HEYT eTAct
FA YT pol,vTanT 4

Nirermeme w7

P : - . 4

CarTTenge v -
odaln B LA "‘:1"'T’.r‘r

aprcemare uTre

r'\“Ti \-lzr

B Tur el nrctfpen PR THA DQFQIAUS STArFE
CCY TUC PFAT T CISTAM

no 10 nT ], v TAnr

FU~(K=-T130TNT 41 .

vIASY Y LTNR]

PEAN (MTPL 1447 {INOFST 0I5V vt} :
CONTINUE )

CESHUACATE LS Lnue T IvenvT) »
Il:):r\?:'-’_l -
ot

¥OEC (2 =100raT (v es)

1F (vRRCim2),"n, "y AN TN 1740
IF (KOFC{Y2) 0T ) A0 TH 1a1N
T2 =¥ (D)

MTY=NTY+Y ’ o
KTIFSINTY =82 :

conTIme

TUVHM =t 1 {12

TDMPM =D (M0

O L TUSHM MF Imesan) 0 T 1paA0

STARPF THe STATFs U5y AT THIS JUNCTIAM - i

THFE ARRAY,s JMS{NIIINC)

Do 1p2C MIOUNC=1,MJUNC
TR O IPMUNEN2 Y EO X IN TN UMY Y ONSINJUNC Y= J5
CoMTIMUFE

ConTIMbe '
IF (N2LEN ML) 60 Th 1800
JX=KRECTY)

IF (JX-88A8) 1R60,1040,1960

CONTINUE

WRTTE (MOL196%) LM

FORMAT (68X, tr2n0n AN BPAMIH 214 In s tAT STAGE =1418)
REWIND NTP

RETURMN

COMTINUE

J5=J5=-JX
TEF (LaNFL1.IRMPWHELMSTACGEY a0 T 1760

THE TAPE [N PEADIwA POTE

REWIMD NTP
MSEFWFRa0
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R s~ ay g S R

LI

reart.

it W TRt IT. L .

rrama

w—rey pm ey

-

DA 1A T=1.vSF7
MAEWE e TRy PR T
1R70 ConTIvE
IF (NGFYFRL L TL7) 71 TO 2707
VO [(WEFED_D Y R TADRT
nAINAN e vl . 7
PEAR (VTP 146D {IPPFSTI )Y s j=118F)
1880 CAaTIvUE .
ne TF 1700
C
C PRIMT THE APTIAL NECTSTON FAR FACH STANRE
C .
1897 MA=RaTACE 4]
WOTTE (A 1000 [enmO (v )y May s VoY  METAGE)
1200 AT (;(/];‘x,ctzf‘.,:,“'Tz']x’,”
VRITE (201037

1010 FARMAT (79X HL)

IF {MTY,,r 1,y o0 T 1997
WEITE (M 1nn™y (vTIFS(eYakz1 v TY)

1Al TARYAT (1eXaa ALTERPATE APTIvAL NFCTSTINNS AT CTARE/S 14723 /15%,41717

1)
VRITE (Nrs1010Y -
1930 CoNTINUE

C
C ROCALCULATE THE OPTIVUY PICE DATA
C ‘ .

Mabl

KC=1

UM I [ M)
TFLIU, PR, 1) TrnaT = 0
IF (M1 FOMSaTARF)Y AN TN 1000
1940 CorTINUE
C .
C FIMD THF STATE NS FOP SFWER M
C
) 1F {M=MT1) 1960.,1060,19"
1980  CANTINUF
‘ MS=8 5+ NOr{MN2ar)
Gr YA 1000
1960 COMTIMUE
I EAULLER)
METHM1aMGTACE -1
' NA 1070 Moh] G MS5TH]
16U T &It NEC )
1"?'1'0 Cf‘\“T T 9,‘!__'F_
. MG MG SN
10RO (HNTTM”C'
1000  CANTINUF .

c
C DESTGN SFVWER M
¢
KPECK s ¢ NFCIHA=V.C)
c .
€ FINMD SMALLFST NTAMFTER ALLOWARLE. SNTA
¢
IF (N-N1) 2010,200C,2010
2000  CONTINUE
SOTASDIAMIN/ 124

T - . e i = gt T o A g s, .

162



it By bieam g

fala T L EAL: Kal
NN [okahth IS
! L o PR LR VE o] o ol '

TUR = ACATE (D 1 AUEE T, [HCPT)

SRS LI ET.
aenTA =N,
tA RO MUNCET

A e et " e

TR U IR o On Y UM NI Y IRT A =SRTAY SN, THM

0N CavT r
| A R IS B BPRLSLAR ELIE B BERCAS ALIE R S
RAORCLA NI ofathh B SN $12

IF (0163, M .00y PIPT=RINE (M, yRery ,qnta)
TF {770 T2, ) PICEapInrp(n,,wriv 50T

CAST: CnTo [, n ey
TCCsT=TCO T+ T
PensSTiry =007

VU POATEING ] MU RT L INCRY T
NTCP{rvy=n1nr

ZAr SRalad 2N AR IRt Mialal
POTALNY-RIPFaTD,
PRTULL My =" P10,
BVEULL Py =R
PYYIMI Y =V D

Py AX [y crAND
POrNTH My =NCoTy
PEPIROY (MY Tty
poRAD My =0 PAD

PFALL (MY=FALL

CAvPUTE THE FMERGY 1LASS ELR&S

[ale el

IF {51nra .m0,y nr TO 2770
IF (N=*1) 2ralyoren, 2oLl
2040 CApTINUF
VUePVEAX (*=1)
Vi=nRVuax i)
C DAVIS Pad-gn

IF (VL AP VUYL PSSl 2w (VL end-VUnen ) /7, %5)
10 AVLLLTVUY FLASS=C 98 {(VUraD VL #u2) /(2 ,%5G)

IF (TLNSS.LT.C. 52 FLOSR=0D,"D
GO TO 2060 '
2050  CNANTINULF .
ELOSS=0,
2060  COMTIMUE
IF (PP MEL.N,Y FLNSSan,
PHHLSS{MYsFLNASRS
2070 COMTIMUE ,
1F (STOM3LEQ.D¢)Y PYHLSS{MIa(.,
C. -
C COMPUTFE THE TNVFRT rROP PIMVNP{ M)
¢ .
1F {(N=m1)y 2DAC, 2000, 20RN
2080 CnMTIBLE '

c ————am aa s
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A IV SN IR S oL N O L N AT SR WAR- T Ralrlols
e N TIAA,TA L, ) DI (s TR aAY [Myan el naY [t o 4T ARG RnNN
IF AP tunD iy LT, 0, THURP Iy =
6o T~ 2107 ' i
20N CAnTmnT :
PLrYDN (=T, +0RAD
conTIVNr '

s
-
[ ]

f‘"ﬁUTF TH!‘.‘ | AT e ["Lr'\j‘anIr\mr‘ pUIn_\J(uV‘ Anp p“!"".’(."f)

[ I T B

Ir (slava-2,) 2110, 0320 ,7110
STI0 LoV T
PUIY (M =M AAT N e NPV C Y /1 N0 DI ann AR
POTSVIT =F1LAAT(MEY /10 +D 10T
o T 2160 ’
2107 CARTIMUT
IF (rm=p1y 217200107 ,240
2170 CnTivur
PUTMVY Y =l Lr AT M-V DEC A=Y O ) /100 G+ HERCY4E LRGSR AR
PRIV IMI=FLOATINSI /1T L4FMNFRNY
Gf‘ Tq ﬂlrr“
2140 CAnTILL
PUTMV MY L AT Sy REC M- Vf))/w"“.+F"E"FY4ﬁonn
ﬂDI'V(“J—FLOAT(~f3/1“ « FENERRY
MvhRh CAMTIMNUR
2160 CANTIHUR
PUTHY I =X =D M 0y
PRIV IMI=X=PRTMNY (MY
IF (MJEN.MYY GF Tro2170
IF (PUTNVINILGT.PDINV {(M=111 PUTNY TN =PRIV H=T1)
2170 CoMTIHUF

C
C CYMPUTE THF CRERAY (IME FLEVATION ELELFV (M)
'] _
ELELEV (M) =D IOV A 4P IpF
1F (5]16N1.FNe1.) FLELEVIMI=PNDIAV N +FNFRAY
N=N+1
KCarC+1
IF (M.OT.NESTAAEY 00 TO 72240
2180 CaMTIMUE
C .
€ 1F THERE 15 & DUNMY SFYER ASSICN THE UDSTREAM Sruep
£ oPRADERTIFS TA THE iy REWED
C TEQUIMATE THF Jnf 1F mA DOWMSTREAY SEWER TS Fojan !
C

C TUMHN=UMHN {4
IF (TUMHMALY 21090,1040,2100
2190 CONTIMUE
PYVAX (M) =PYMAX M1
PROTAINYI=PDTA(N-T)
PENERGY (M Y=PEMERrY (=)
PDIMY{(*y=PD Ny (11-1)
N:|N+‘l
KC=KC+1
1F (n- MfTAnr) 2100421802200
2200  CONTIMUF
WRITE (»My2210) L
2210 FﬁP"AT (///RX|[J"“ TEFRMIMATEM I /nX s 0 FRANE AT DUYHMY SFUFR ASSTIANYEN
1T ©M ARPANCH o 1,17
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sanarn

2970

aa0N

2000

paﬂn
221N
2770
23130
27140
7180

2260

2270

oapn
2100

2400

2010
C

Rl e aTn
DT T1im e
CAnTIvE
[ekalihi I Anull'

tr T AT T NN

WRITE (MR 7oen) ,

FantesT (atir ey P'"f.1X-‘0NA¥|.7x,fnuf}u VIV ISP G TY W IR AN Y,
1|0TH1L|.1X.ruru|(|.1¥ |Vupy|.‘x,.Vu[u.,wx,,uAg../gex‘.ncpT“,.,lny'
."(rL_?}""x"t’.-r--C}'\f\v |{1")'|1Xv|f’.r?)"‘Xolanr\}ly'l"'.ll(rnc‘)!-\\‘fo!'
AMLERG Y 1Y W T Yy /)

WRTTE (Prena=T)y (T.ﬁﬁMﬂXf‘)»”“”YNIT)yﬁqtﬂnrtlﬁqﬁh!ﬁ(T1.P”FULI(Tl-ﬂ
1V“ULLle-”V“‘Y(T)nDU“I“fT?."ﬁFﬁTuL[).Iuj,NL1M::\

th”“‘T (1!‘-7?\:‘.‘\,:‘:_.3. F:’-'I'F"‘.:’!F&.'l!?F!‘\.]IFK.?}

WOTTE (w20 en)y .

sante s T {2 /8X a1 1M1 TAAX AV I AR G 1Y R ER T g 1Yt EALL Py 1YL
PTMV T 2 m TRy oYy InE L TV T Y N ATV 0K TRERAY 1Y L A5 S 7Y
ﬁ.nnhrt.wy.urlrV|,wy,.r;rv:./wﬁr,.[rr}u,qv,.(rT1.‘1y',(rr,,.gy.'(FT

At Yt Ty X (FT) .pY--{rT!i.ax..(rT,.,;,

WRITE (102207 (T PENTRAY {11 00Ul SR (T PTRUAR LT aREAt L [ 1) oI/
]1.pn}uv(13.nnr|rv(1,.pch:v(r,,T:1,ul[urg, o
FAMUAT (10 FA 2 F T 2R e aFra?4Fn 3 2E747)

DA 27130 T=1sM TMES T ' . A

IF (prerp(lY=0,) ?1ﬁ°,?37ﬂ.710ﬂ

COMT TN

WRITE (MNP 2117) [.0repell) :

EnnueAT (f/esX 10 EEWER Iy lhaeaX i FREPGY NOoAp (FT) = 1aFR.Y)
rAMT IMUE '

COMTIMLUE

WRTTFE (M0 2140)

FrouaT (/76X et IMEr,a 4 1C05T1./)

WEITE (MR 2280 [ 1,0r08T T s Tal v NLINFS)
FOPYAT 117:F15,7)
WRITE {M0,2260) TOrAT
FARUAT [/BX,1TATAL CAST = 14F12,7,1 NOLLARSH)
WRITE (MM 2270)

FARMAT (/78X 1lbiasiy g n X 1 CnVER s /11X 0 [FT v /)
DA 7300 T=1.MLIMDS i
COVFReUAFLEVITI—PHIMY (T 1 =1 1#DPDTA(TY /T2
WOITE (MAy23a0) Lt I)COVFR

FOP”AT {F012|an1’

CONTIMIF

WaTTE (NN 2670)

EADUAT [ /aX 1 THF 1, 0X CFLFLFVI /Y 2X et [FTY v /)
WOITE (NG PA10) (K.FLELEVIKI 1 K=1 4 MLENFS)
FORVAT {174,F0,.2) ‘

C PrPASITINY TAPE

C

2420
26430

1 (HSFUFR LT ,3) o T 2470

DA 2430 val.kh

REAR (MTP 1ARNY (INPESTI Y I=]1+10F)
CANT TNLIF

CONT IMUF

g E R
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¥ RpAann e Jooma THE PIRGT Dr G0
o R A N p el LACR S el LA | RV TIAMS Y FOOT pnays sun ropnte
THr Farnrey |INV-FLCV;TT’“ I N YA O I
FHSCY TTA FROUnE pAnETas uT P rysTIANe
BOrY TR Cane TR paT £ EYATT AN

B L AL LY A A T (Y SR Tal Y- Sa RNk W N

CANTTROE

Y = [L.fF '

PO P4EN Lzdn TNFS
PMT=(PRIAITY /12,4707 2,
FACT-PT

IF {¢1AMa,"n,n,) FACT=OMTANRTAITY /10,

Z=TLFLFY{TI4Y
I (FLCUE T A, ") seuvlT =7

ST VLA ATE

~REMERAY (]

TF AFLcUt Ty, 00 8 02wl 7,0 T oLty FLoUti=2

ZEDAFLEVI)=rAVyTRaFACT

IF (FLCUTYanT 2 SLovilne=7
ZaCITLIVET Y=Y,

IF (FLALITILMn 0,y FLeLiy=2 -

IF ACLCL LI MF 0y anD 2.nT P oL ey

w

L PR O

TF FLCUET L TaFLOLOY ) FLCUITI=FLCL T H+Y

16TARE Ty =1
coMTIMUE
SIGNGss

GO T 59N
CAMT T ML
RETHIRM

EMD

-

o

166
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—cd st -

SUNRADT IME THOM

C .
€ COMPUTES THE DESTGM MLeWS QPAXITTY AMD QDuIneTT)
C MENTIRUY DOevenTIC FLOV = AVERAGE FLOY ' -
CONO RCAVTNG FACTORA APPLIFD TN Tpk DUMPRCTAL ANA THDUSTRIAL
C rLAwS ) ) .
¢ ) ) S
CAMAH chr(11.1n).(nox,nCLr(pﬂ:.ﬂrLrtaﬂ).erST‘ﬂy,VH,MTP.
1 TURERIE) S DAY s [YOMTI TYFARIDIPES AT A(2 )y .
2 OACRES (100140 N 1177), OTAYAXSDFRTH L DROP,
3 FMERGY s - -
h FALL s
2 G
& TUGSLICOY,IraS 100,
T MLIMES MOTART s S e S MRAY,
A PEFAYFSyPADPN{1031+PIOEy ]
COYON DARDLICH ) yOPYAX[ 1701, 20 INI10M),
1 OFULL s
7 RCCYIPROMSRIMND R INF R VANNGRUNTIOD) 4
3 SLOPELSI0N T,
o TYPTL100), T
5 UMHN (1700, :
b VVMAX VIR URULL s VAP VY D
DINCNGSIAN PAP (100,000 1001, QR0 (1N, QTHFLIAN) s QIND (1 D0)
c .
PEKFYAX=%,
PEEYIN=2,
PEANF=0, . . o
c _ X ;
C.CLFAR ARRAYS
c - .

DA 10 TI=1sMLINFS
ADMAX T T =0,
ONMIMITT =0,
PAP(II =N, . ' ®
neoviI1y=C0.
OIND(ITY=0,
GINF{1131=0,
10 CAMTIMUE
DN 130 TT=BaMLINFS
DO 4C J=1.NLINES

C
C CUMULATE UPSTREAM POPULATIOM AND FLOWS
C

IF (UMBNLTT Y =-DMHEMT{J)Y) 30420,30
20 CONTINUE

POPIT I ePOP{JY+PAR (1]

QEOM (T TI=aRCnNY L)) enCA (1T

QINDETI LY =0IMNE N1 +0IND (T T

QINFITT)a0INF(JI+QINF (1T

QADD{ T T =QADDIJY+CADRD(I T

30 CONTINUE

40 CONT I NUE
XRCOY=RCOM
XRIND=RIND

C
“C SELECT THE FLOW TYPEs DOVESTIC OR COMMERCIAL OR INDUSTRIAL

C
JF (TYPE(ITY=2.) 850+60,77
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CCOMPUTE. THE DOMESTIC FLAY

C

an

100

110

126G
¢

+ COVWUTF THF FLO'\'r

C

130

CONTImUC
XRCrve0,
YRINN=D.

ol Ea - N
crPT N
rAPTI L) =0
XRiMD=D, ‘
nroToe a0
CAMTIRUT

pAnStIT=0

XPCO =0,
CoNT LU

1€ (PAPNETT WA ) RO TH-150

DHP(‘I)-PHPH(]I)FAF”F“(II)+PﬁP(I[)
PI0AREPAR{IT11/17CC, ®

IF f_r‘rf\.\‘.r'-l-] nf\"[{\.)l(‘-’: "
CONTINUF .

 PFAKF=(19.4503T(P}080 ) /(4. +5QRTIP100])
TGN To 110

canTiny m??\
DEAKF Ao /160040, 2
[gatH r»u)r s

IF (PLAKF GT.PeFMAXY PEAYF=PYFHAX
IF {PFACKF LT PYFMIMY PEAVF=PYEMTN
COMT ITMUFR -

i

OPO1(I!)*PDOI“POP(II) PEAYE

OCOM T [ 1aXRCAUBACRES{ T 11 +0COY T T
QINDIITY=XRIMNRACRTSITIT P+ TMD(T])
QINFIIIYeRIHFaAr e SLTIT Y+ Il (I

QRO (I T =000 111 ) 8], B5661 -4

TOCMCFS=QCTVITINH ] REAGE=-6

QIDCFS=nINDI LI I#YWASGLF -6
QIFCFI=QINI{TIT1%4],85665-6

OD”AXfII)~“D”V(II}+QCM’F5+QIPCFS+O[FCF5+OA6F1
DHTM(IIlqODCH(IT)/PFAKF*PCNCFS+O!%FFS+OIFCF

CONTINUE
RETURN
END | .

PEAKING FACTOR,

/

+OADDIT T
N
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REClre naers A S FLRe FenT T AN

AP TETETUE At RET AIRT TA SPFT THE BCAUIRTUrGT THA
COMPEIACAD O JTY . ACHLL, 17 ARTATER Tt OnMax (1) 7O ATvr peean
FITU?ﬂT VIsLET AETHE U rNETTY SAMETRAIeTE

e A VL Ao VUAMD 2 VTN L COUPDTOR PY g TTERS FORu A
PANIRAYS FARL L 1S UIEED TA (ANpUTE el wELACITY, Ve
FILOW RATE Ry rinilyal Foalmps

PAMAY = DAvEnsYS CANSTANT v

PINTY = DIA(DINTSy Y NCREAT

'
]f‘\l
TY

COMYALY COLT LI 1R ROXARCLI (27 ) s SOCLF IR 2 1700 T s NI N T,
1 [UGFR(“\oTQﬁY-T“PHTH'IYrﬁﬁlNPIPFﬁ|D}A(?”5v

2 OACRIS (107 1M1 DI AYAXWNEDT I, NRAD,
4

FHEPCY o
4 FALL s
5 G _ )

R RV IR N O T AR TP At SN O AR BN

7 MLIRT O PO TAALT J0 ] (RN,

P PFANES s PARR{INT ) NP, ]
CAMMAM AR 1T AMAX 170 s DI ETI0N Y,

1 AFULL

P ORCNN IS D IMN P TS E G RAYY L, PUN TN Y,

3 SLOPE,S1GH T,

4 TYPE(100), _

OUMHM 10y, . .

6 VMAX VTG VI L VI AX Py iup

.

Canr‘:O."o(\T .

neNP=C, .

POMER =R, ¥PYAMMEDO,, 606
FALL=FLOATIVXY/1I7C,

SLOPF=FALL/RUNIKM)

P=SNIA .
COMTTMIE -
CANTIRMUE

€ COMPUTE SPWER CAPACITYs QFJLL» ®Y SAMHTHNGS FOUATION
C
R=aD/4 . ~
Au(DIanew?y 6y - T o«
" QFULLZCOFTF AR (R*R¥RY 40,2273 SART (SLOPE ) /RIMANN
TR, (QFULL=CDWAXTIRNTY 4007420 '
AN , go CONTTALS =
. : : i
» o ¢ CcovpYTE VrULL BY KUTTFERR EQUATICN
C 5 :
CNUNH&I.6%+0.QQ?H1/SLOPF+].nl]/R”ANN
COEMAME] (4 PYANMD (41,64 +0, 0028 /SLOPEY/SQRTIN /G, )
CaCNUM/CRrNnM
VFULL=CH8RT((N/ 6. 1 ASLAST)
IF {VFULL.LTWVeTAMY 60 TA 40
TTE (VIULLSGTWVAX) 6N TO 120
PIPELl =N :
GO TO 120
C ~ )
“C IMCREMENT DIAWETE® D ' . L
C . = \ // 4\_/\/
~ I g
G X .
.E‘:) i
7 _
. ; _
R - . LA
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170

o " coMTIMe . B
i CAeT e
a0 corTIryr

17 (h=-C,h0y 70,07 ,nN0
70 fOPTTNUF :

f‘::]ﬁ./‘!?.

Gn TN 110 B
apn CANTTMUE

, IF {r=ngng) 2l,10C 170

an coNTInge

ﬁzrl. . .

G0y T~ 110 _—
100 ConTINUE

D=D“Cn?r) "
10 CrMTIMUE

TF DL TaPIAaY) 60 To 10
e .

. C IF D 15 AREATER THAM THT QUTTALL NDTAWETER

C SFT PIPM1 = DREFAULT PiPr S1ZF

¢ _ .
hﬁﬂ\\\) PIPEY=0TAINPIPES1/12. :
130 - CONMTINUE, : &

VMIHP e a3 PAYSYa (SLOAPE= #7461 ) #INNMIN (KN Y20, 0y
VY AP VUL

DFDTH:OU

EMERGY=E,

RETUPM :
c N
130 CONTINUE _ ~
C
C DROP “AMHDLE ROUTINE
¢

C COVPUTE “fIMIMUM AND MAXIMUM SLADES SUIN ANMD SMAX
C FROM MAMMINGS FENUATION !
c . .
SMINz (VMIMERMANNY Z{COEFRF#{GrI*Pieul, 3217
SMIMzSMIN*SMIN '
SMAX=SMIM*# IVUAX/VMIN)I%*D?
OFULL=A®VYAX
S=S"AX
140 CONTINUE
IF {QFULLLLT.ORYAXIKNIY GO TN &0
CNUM=41,65+0,00281/5+1.011/RMANN
COEMOMe] J+RMAMNB {414 +CL.002R1/8Y/S0RTI(D/ N4
C=CNUY/CDENDY ‘
VFULL=C*S0RT LD/ 4, 185)
IF (VFULLLGT,VMAX) GO TO 50
HEAD=S#RUNM{KN) :
IF IHEAD=~FALL} 150+'40,140
150 CONTINUE

DROP=FALL-HEAD ‘ ;
SLOPE=S & : {
G0 TO 20

160 CONTINUE
S=5=-0.18#(5"AX-SIHINY
IF (SeLT.S%IM) GO TO 60 :
QFULL=COEFF¥AM{GHRER) #0,3333#SORT IS /RMANN
G0 IO 140 '
£ ND
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10
C
C
C

C .
C
C
70

FUMCTIR PIPE2(v Xy DIA) 171

SELFCTS TIF SMALLFST PPy TO “WFFT T REQJIRCMEONT THAT
SEWER CAPACITYs TFULLy PXCNEDS CRMAX([} FOR GIVEM HEAD .
PARTIAL TLOW CONBITIONS ARE THEN ANALYZED :

FLOW RATE AN WAXIHUN VELACETY BY DAYnINGS [RUATIGH

AN HYDHRAULTIC ELEMENTS )
BANMIMGS ROUGHNTSS COFFTICTENT»cRMANN Y VARTATLD WITH DOPTH
WAX VU R CAPALITY AlcUdRS AT DTATIN =2 T.0

DEAT M [TDTH AT S DIANETTR AR STUTR

ARATIO OTAX{ENY/PULLY FOT QTVERN SLOPF

VRATIA = VMELACITY AT PARTIAL FLOW/VELGCITY AT FULL FLOW
FAR GIVEY S| nnE

N% = RESIOAM FLOY Y DDNMAX(IVN

OF = CAPACITY OF SCUER FLOWING FULL AT VFLOCITY = VMIN
QSOVOF = Do20r0 :

SF .= SLOPE OF SFwFR FLOWING FULL AT vELOCITY = wvMIN

¢ = SLOPT OF STWER CARRYING CGS AND AS SELF CLEAMING

AS SFWER FLOWIMNG FUuLL YWITH VFLOCITY = v¥IN

SCAVSF = SC/5F

POMEROYS FORYULA 15 USEFD TC CSMPUTE THE MINIVUM VELCCITY
POMSE = POVERAYS CONSTANT X

PIPE? = DIA(KNPIPES) DY DEFAULT

iwon

covon CPLFilﬂslﬁi'CVOXanLF(?“)‘SCLC(?%).ICOST.NI-No.NTP'
1 IUSF?(%)»]DhY.I”CwTP.!YFAR-MﬂIPPS-CIL(Z“), )
? nCQES(]DO)'DHHN(127),stavnx.DFnTH.cono,

3 FNFRGY

4 FALL

5 G

& TUGSI1C01+1DGSIICCY

T NLINFES«MNSTAGE My N1 s NROW

B PEAKFSYPrPRIIOD LD IPENPT

CLOVYAN NARDLIODY S ODHAXTICC AN IN (100,

1 QFULL

2 RCOMIRNDOM IRIMND AR THF S RWAMMNYRUNTLIN0) 5,

A SLOPFLSIGMI

4 TYRPE(1CO)Y

5 UMHN{100)

6 VMAXSVMINSVFULL s VHAXP s VMINP

COEFF=0.467

POMEK == QR A4 ¥RMANMN+2V .66

DROP=0, . -
FALL=FLOATIKX) /100, :
SLOPE=FALL/RUMIKHM)Y

D=5D1A

CONTINUE

COMPUTF THE SEWER CAPACITYs QFULLs BY MANNINGS FORMULA
ReD/4. o
Az={Plan##2)/4.
QFULL=COEFF*A® [G#R*R) #0,233345CRTISLCPE)/RMANN
IF (QFULL~QOMAXIKM)YY 2051104110
INCREMENT DIAMETER D

CANT TNUE

!




P Y ]

72

30 CANTIMUF
4c CANTINUF
50 CAqTIYUE
1E {Dafu6f) 60460,
60 CANTIHUE !
N=1Ce /17
G TN 100
70 COMTINUF
TF (D=0.041 80,00,60
RO cosTINug
D= '
GO TO 100
90 CONT ITNUE
D=D+0.75

100 . ConTimlr .
IF ADJLT.DIAYAXY G0 TO 1N
C
C IF D IS GREATER THAR Tt oUTFALL DIAVETER
C SET PIPEZ = DEFAULT PIPE SEZE
C
PIPEZ2=DIA{NPIPES)/12.
VNP =0,
VHAXD=C,
DEPTH=DIA(NPIDESI/ 12,
ENMERGY=DIA{NPIPES) /12
RETURN

" C

11Q CONT INUE
C
C COMPUTE MAXINUM VELQCTTY YMAXP
C CHECx 1F VwAXP 15 GREATER THAN VMAX
C
VFULL=0OFULL/A
QRATIQO=0DMAX {KN)/QFULL
IF (ORATIO=-Cs16) 130+ 140,140
130 CONTINUE ’
DRATIO0=6.23%QRATIO=59.23#0RATICE®2+214 ,44*QRATIO# 3
GO TO 150 ' ' ’
140 CONTINUFE
DRATIO=C0,240,73%QRATIO-. D4 #QRATIORH?
1506 CONTINUE _ ;
VRATIO=2 a0 1R+ 3,4 THDRATIO-T 2 T*DRATIO* %249, 04#DRATIO**#3—4.29%DRATIO
1%4
VMAXP=VFULL®*VRATIO
IF {VEAXPL.GT.VMAX)Y GO TO 21C
C .
C CHECK THAT SEWER SLCOPE 1S GREATER THAM SULOPE FOR EQUAL
C SELF CLEANSING, SC
C .
SF=(VMIM#RMAMNI/ {COEEFR{G¥RaR ) #%0,3337)
SF=S5F#5SF
QF sA%VMIN .
QSOVQF=QDMAX (KN} /QF -
1F (QSOVOF=0,19) 160+1710,170
160 CONTINUE
SCOVSF=9,T79-2489,.29#050VAF+23540,5A%050VOF## 220348, 22 050VOF*%*3+4187
12.5%250VQF#w g
GO TO 190
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17¢C

1RO,

100

207
205

D

alaRalks

10 -

COMTINUE

IF (NSAYNF=1,) 180,70C270
cosTIRUC : :
Srﬁvirr?.?’—ﬂ.?f'Tﬂﬁvof+1?.ﬁﬂ'OSDV”F"?—l1-1“‘Qsﬂvﬁfﬁ"1+“.”&’ﬁcovo

1Fe=ty ’
copTinur
SC=5COVEFRST
IF (SLNPFLLTLSCY on TO an
CONTIMIE
conTIVUR
pIRFE2=D
DEPTH=0RATI M eD :

WITHP =] (4 tP oy s {SLAPE D o4 1 V(DM INIKN L ) ¥ %0, 04
FFFQG\—PF“TW4V”\X”'”2/I? 1G) -
RETURM
CONTINUE

RGP WANHCLE ROUTINE

C COvPUTE THE wInMIoU AMD MAX VUM SLAPES, S ARD SMAX
C FROM MANMNINGE EQUATION ASSUYING FULL FLNOW

C

220

230C

240

250

260

270
280

SMINz [VAINERVYANNY/ {CCEFFR{GARER}2*D. a=13)
SMIN= ‘“I‘*S'l“
VIULL =VYAX
SLAX=SMINE(VFULL/VVIN) 2D
OFULL=A*VFULL
_r\-Ax
CAMTIMUE :
IF (OFULLLLT.ONUAX (KM Y GO TO &9
HFAD=SeRUNITKEN] :
IF (HMCAD~FALL) 213,272,270
CONTIRUE
QrRATIO=nDVAX (K 1Y /nFULL
1F (ORATIO=0,.14) 24042504252
CONTINMUF
DRATIO=6.23%CRATIO-50Q , 238QRATIO® 24214, aa!OQATIO**1
GO 10 266
CONTINUE
"DRATIO=C.2+0. 73*QRATIO-.CLanRATIO'*2 A . -
CONTINUE
VRATIO=o018+47,47*DRATIO-7. 7 7*DRATIO# #0490, 04 #DRATIO*3~4. 29 ¥DRATION
1#4
VMAXP=VRATIO*VIULL
1F (VMAXP.GTLVHAXY GO TO 280
DROP=FALL-HEAD
SLOPE=S
Go T 205
CONTINUE
CONTINUE
§5=5=-041#{SUAX-5TIN)
IF (SeLT«S¥IN) e Tn 50
VFULL=COEFF* (C#IaR)#% ., 32232507 { 6} /RMANN
QFULL=A®VFULL
6o To 220
END

A
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FUSCTIAN CSTPIv NSy KX)

CCHMPUTFS THE COST OF THF (PIPF + NMANHCLES)

COST MAY LE CAMPUTEDR FROY COST ARBAY OR FROM (0OST FUMCTION
MAX PIPE TIAYETER = 42 TMCH

INIeg CUT = & FFET

MAXTAUY AVERAGE fUT = 28 FEET

IF KN 1 v URSTREA™ wAmB~LE COST [MCLUDED

IF KN HETAGE o DOWASTREAM MAPKILFE COST MOT INCLUNFED
UCUT = UDPSTRFEAY CUT

DCUT = DOWMSTREANM CUT ) o
CPLFIPIPELCUTY = C5T OF THE PIPF. PR LINTAL FOCT -
DIST = VERTICAL DISTANCE FROY THE ENFRGY LINF

TO THE TREMCH ACTTOM

VININUY CLEARANCE Tn SURGRADS . CLANCT = 4 [NCHFS

nn

COMUMOMN COLF 1 1n) s CANX P LTI 2D aSCLFI 25 o TEOST W N HDWMTR,
USFP IR IDAY  IUONTH, IYFARWNPINES s NTA{I )
CACRESIIGCS) +BMHU L INC D IAYAX S DERTHDRND,

ENERGY »

FALL »

G

TUGSHICCHLIDGSI10CY)

HUIHESsNGTAGE vty M1 s NMROY Y

PEAKFSH»POPDLICC I PIRESP]

COMMON CADDLI1CC) »0DMAXTITION 2D TINI1C0)
CFULL Y X%
RCOMWRDDMIRIMDYRIHF s RIANNSRUNTIO0) »
SLNPEWSIGHN Y
TYPE(1CO)

UMHME1 T D)
VHAX s VTN VEULL s VIFAXP VY T NP

D~ O WP ) -

[+ JRC B BRI

PUT=(PIPF+1.)/12,

CLRMCE=C.33 _

DIST=pIPC+PWT+CLANCE ‘ .

IF (SIGN3I.ECe34) DISTeENERGY+PUT+CLRMNCF

COMPUTE AVERAGE CUT

IF (XS—KX) 1052020

16 CONT INUF

UCUT=6| B
GO TO 30

20 COMT 1HUE

TUCUT == [ TUGS (KN} = {KS=XX))
UCUT=FLOATLIUCUT)

UCUT=UCUT/1C2.+D1ST+DRNO :
IF {UCUT.LT.64) UCUT=6. ‘ - _ A

30 CONTINUE

IDCUT ==L TDGS(KNY-KS)
DCUT=FLOATIIDCUT)
DCUT=NCUT/1CC.+DIST
AVCUT=1UCUT+NCUT Y/ 2,
AAVCUT=AVCUT+0.5
TAVCUT =AAVCUT

1F- LICOSTENGL) GO TO 40
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e s

€ COwPUTE THT CALTS Teav THE CAST ARRAY

. C

C LOCATE Criuvr o7 THr (ST ARRAY
C
IF LTAVCUTWEN6HY NChL=)
IF {1AVCUTENa Ty i 0hL=?
IF (LAVCUT.ENWRY ROOLeT
1IF (1TAVCUTERe?) RCAL =4
[F (]ﬂV(UTcrq|l:] HEDL=S
IF (PAVOU T FA.11) iIC0OL=h
18 (1AYCUT P12 MONL=T
IF (1AVCU T T 12 M0 TAVCUT LR 14)
IF (1AVEUT 5T 14« AND T AVEUT LT 16}
IF (LAVCUT . GT o 16« ARDG TAVCUTWLEST1RY
IF [LAVCUTGTalRa AN TAVCUT,LE .20
IFT LIAVEUT o Te20 A TAVEUTSLELZ2?)
IF ATAVEUT AT 228NN IAVCUTLLE, 24
IF 1TAVOUT nT W Paa ARN TAVIUTSLF.DP6)
1F (TAVCUT.AT.28) MCOL=1FR
PPIPE =P IPERTD,
1nipl=polpL
C .
C LOCATE now OF THE COST ARAAY
C
1F {(IDTPELLF.0O) moMrs|

MCoL=A
NCOoL=9

NCOL=17

NCOL=11
MCNL=Y2
MChL =17
HCoL =14

IF (1PIPE.GT 0. AMRLIPEPELLFL11) NROW=2
IF (IPIPEOT 11 ANDLIPIPRLLESI?) NROW=3

IF (1PIPF.GT 11, AN, IPIPFLE.16)

¢R0w=ﬁ

IF (IPTPF.GTl64AMDLIPIPELE.10) NROW=S
IF "plpraGT|101ANnoIP[pFILEUZ?’ HROW=6
1F (IPIPE.GT 22 ANNIPIPFLLE«2%) NROW=T
IF (IPIPE.GTOZSOANDI!P[pEILEGEG‘ NROW=B
IF {(IPIPELGTV2B.AND,IPIPELLEL31) NROW=9
IF (IPIPE.GTa21.AND IPIPELLE«%4) NROW=10
UF LIPIPEGT o34 4 AND L IPIPELLF42) NROW=11
IF {IPIPFGT e 17 ANDLIPIPFLF.40) NROW=12.
IF (1PIPEWGT 40 ANDLIPIPCLLE43) NPOW=13

. COSTPuCPLFINTOWsNCAL IWRUNIYND
CSTM=COSTI KN yUCUT»DCUTY
CSTPM=COSTP+CSTH

RETURN
C
40 CONTINUE
C

C COMPUTE THF CO5TS FROM COST FUNCTICONS
C S
XRUM=RUNI YN Y -
COSTPaPRICEP{AVCUT P IFE » XRUN)
CATHeCNSTHIENWUCUT A NCUT)
CSTPY=COSTP+CSTH
RETUPM
EMD
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——t pame .

CFUNCTIAYN CNTTHEve s, BUCHT W DDCUT)

.
C COMPUTI G A~ F FASTE
COSUART COSTE Ay e cAvDTE D
£OERAY SOST ARTAY DR rRAl rgRT FUMCTINY
C A r CRST = RoY CNaT 4+ SHAFT (AT
C Ny 4+ SCLF(INHAFT)
C Cclit = ¢COST ooF Tur URLTRFA» WAMNMALE
C.CR' = CALT OF Tpre PO TTREAY ANHOLT
C PANMHNALE ROX PETANT o poaxuT
C CAMAFT =2 €AcT OF THE SAMBINLE SHASTT
C SHAFTH = SHAFT nelen?
C SCLFI2%Y = SHAFT nST
C CONTMR = APRITICHAL €NLT FDOR THFE DRNp
C s ADDITIANAL MAMMOLFE COST + DROP PIPRE COGT
C = AVHC + DCNST
C DCLFIRRDYW) = neep COST PER LLIPEAL FONT FOR PIPF MROW
- i
- COMMON CPLIF {1181 CONXyNCLT I 27) S0 F{an ) s 1EOSTANT W HNWMTD,
1 TUSFEREA s IDAY S JVONTH, TYFARZMPINES NTAIR ),
2 ACRESTIOM W PuM 130, RTAMAX BT PTILNRAN,
1 FMNERGY,
4 FALL »
5 G
& TUGSIITM»InGStaanyy
T MLINEA HMATAAT oMy N1 MROY
B PEAXFSIPOPRI1INT )W PIPE P
COPHNMN OARTI100) »NDMAX (110 ORI M {100 ),
1 OFULL s
7 PONMIROO P THND P INF SRYAMM Y RUNITIOO0 ) »
3 SLOPELSTGNY, .
4 TYPEID0)
5 UYHNI1201),
6 VVAXBUMIMAVFULL s VMAXP VM T NP
CUVH=(,
CovHeO0,
COSTRPaC,
BoXHTeq, 0
C
IF (1COS5T.Frr.1Y GO TO 60 .
C
C CAUPUTFE THE CN&T FRAM THF nNST ARRAYS
c :

TF (XKM=NSTAGF) 10.2M1C
10 CONTIMIE
SHAFTHeDRCUT-AAXHT
HSHAF T =SHAFTH+C . 6
C {SHAFTaHSHAFRT .
CSHAFTaSCLF{ ISHAFT): ’
COMH=CRAX+CSHAFRT
20 COAMTINUE
TE (REM=NTY 40+20,40
30 COMTINUF
SHAFTH=UUCUT~RBOXHT
HSHAF T SHAFTH+0O,. 5
TSHAFTaHSHAFT
CSHAFTRSCLF{ISHAFT)
CUMHeCROX+CSHAFRT
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[AREEt L ZREPRE N

T

—— T

[ T S

5 0 [dali2 IR S
IF ({PDAP M ,",) A7 TA AN

conTRe A~UTINr

NEUT - AP GIRAL cIT o rp CUT e nvsIRrRen fan

TIHE NAUaTRr A Banpn PR TP PREYIATS ETAGE
CARTy o bopSraT (ST AF UHPSTOC A S annn 7 SYyarT

YT YTYA N

ATt T=-NnAp
CONETH=0CUT- XY
ONT N OHP T 40,5
/JGHTenHT

T nCenT-neLr o)
SHETHAM [ICOT -FAXHT
1F (AHFTHN (AT 20,0 SUETHN =08,
HTM=SHPTHAMA D 8
THTIH =T

" COLGTN=SCLI{IHTY

LOAMHECRCPATY-N 0NN T .

NEAST=NCLE (NP HDRAD
T {Nenp, 1 T, 2.0 NDONAT=0,
IF {(YrH. T, Y1) NCNST=O,
CASTOPaAMHC +NINST

50 CAMTIMUIE i
COLTHaCUMMICRMH+COSTRP
RETURM . :

C

60 CONTTNUE

c

€ COMPUTFE THE ¢NET FROM CNST FUNCTIONS

c .
TF [Ker=KNATACK) 70,80, 70

70 CAMTIMUE ’ -
SHAFTHeDDCUT=RNXHT
CSHAFTaPRICTFGISHAFTH)
COMHaCPNX+CSHAFT

" A0 CONTTMUF

ITF (K¥N=N1) 10C,0C,1.00
90" COMTINUE
o SHAFTHzUYSUT -RAXHT
CSHAFTaPRICFSIOHAFTHY
CUMHsCROX+CSHAFT
100 CONTINUE
IF ({DROPWLFEQWC4) GO TO 110
C
€ COSTNP ROUTINE
C .
QCUTaUUCUT-NRONM
OSHFTHaOCUT-ROXHT
QCOSTopRICESINSHFTHY
SHE THN=UUCUT =ROXHT
1 (SHFTHNLGTW?5854) SHFTHN=?S,
COSTNePRICES{SHFTHN)Y
APHCaCASTM- CAST
DCOSTapRICEDINRNP W PTOR)
IF (DROPLLF. 24t DOOSTaN,
IF (KKN.FNW.M1Y DCOST=O,

ACRET e ATIGTNAL CNST O YUPSTREAY YAMUISLE SHAFT

3
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CARTRAC - A+ DENGT

cont Mg
fn_“,Tu-Tr'”;-”‘,(hu_u*(‘ﬁanr\
PETUIRW

[ Nha
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( ‘Variable

A
AAVCUT
ACRES
AMHC
AVCUT
BOXHT
c

CBOX

- CDMH
CLRNCE
| COEFE
COST
COSTDP
COSTJ
 COSTN
COSTP
COVER

COVMAX

P s Lo .

- APPENDIX 2

List of Program Variables

Descri Eﬂon

cross=sectional area of pipe ‘
average depth to subgrade : ~-
ar@y of incremental drainage areas in acres |
additional manhole cost for a drop
uver\oge depth to subgrade
holght of manhole chamber
Kutter's coefficlent
cost of manhole chamber
cost of downstream manhole
clearance for undersllde of plpe to subgrade
coefficlient in Manning's equaﬁon
cost of pipe and manholes for a stage
additional cost for a drop
. array of branc.h cosfs
present cost of a manhole
cost of a sewer for a stage
depth of cover over a sewer

maximum cover requirement . ¥
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Variable
COVMIN
CPLF
CSHAFT
CSTM
CSTPM
CUMH
cuT

D

DCLF
DCOST
DDCUT,
DCUT
DEPTH
DGELEV
DGS -

DIA

DIAMAX

DIAMIN
DIST
DMHN
DRATIO

cost of manholes for a stage

180
Description
minimum cover. requirement
array of pipe costs

cost of monhole shaft

cost of pipe and manholes for a stage

cost of upstream manhole

average depth to subgrade . .
pipe diameter

array of drop éipe coﬁfs

drop pipe cost

downstream cut

downstream cut

depth of flow in the sewer

array of downstream ground elevations
downstream gr.oun'd olevation

array of pipe sizes

maximum allowable diameter

minimum allowable diameter

vertical distance from energy line to subgrado
array “of downsfreani manhole numbers

relative depth of flow in a sewer



Variable

DROP

DTEMP

ELCL
ELCU
ELELEV.
ELEVCL
ELEVCU
ELOSS
ENERGY

FACT

FALL

-

.

ENSXN
FSBESL
FSBEST

FSOPT

FSTAR

181

Description
drop manhole height '
array of pipe sizes fox; a stage. Values. assigned on
completion of design for the stage
array of lower elevation constralnts
array of upper elevation constraints
array of energy line elevations
lower state constraint
upper state constraint

manhole energy loss

.specific energy

vertical distance from the energy line to the outside top
of the sower
vertical drop in energy line elevation over the length of |

the sewer

cumulated cost

optimum system cost
array of best cumulated costs. Assigned during designed
of a stage.

array of best cumulated costs. Assigned on completion of

. design ng_‘_’ stage.

contributory upstream cost



Variable

G
HEAD
HEIGHT
HD

HS
HSHAFT
HTN

|
IAVCUT
|BF

IBF]

" 1BLANK
ICOL -
|COST
IDAY
IDBESL
IDBEST
IDCUT
IDGS

IDIA

IDMHN

182

Dcscrlgrion

acceloration of gravity
SLOPE* RUN for drop pipe stage
helghr of dr0p‘

maximum decision

maximum shate

manhole shaft height

shaft height now

- index variable, identification number for a state

ovéroge cut

consfant.

constant

constant

index variable

cost data se,lecfor

day of the month : .-
-id-on._ﬁﬁcation number for the optimum outfall state
array of best decisions

downstroam cut ~

array of downstream ground state values

pipe diameter

integer pari'ofDMHN _ o . &



DS
IHTN
TELCL
JELCU
IELL
|ELU
11
IMAX

IMIN

IOHT
INCRMT
INMK
{OPT3 -

{e10))

l;'wm/
STAGE

ISUM

IMONTH “

Desc"riErion
integer part of DGS

inte;ger part of HTN.

array of lower state constraints
array of upper ‘_'stote constrajnts
integer pur.f of ELEVCL
integer part of ELEVCU

index variable

identification number for maximum outfall state

identification nymber for minimum outfall state

month

integer part of OHT_

state and decision increment
integer part of UMHM (NMK)
s‘igncl for optional printout

integer part ‘of OUT

-pipe diameter

problem identification
index variable ((\

) \
shaft height

- A L] ) L .
array of elevation constraint signals

s . .
“cumulated decisions
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184

¢

Varicble . - Des;rigtibn
ITED signal for tied solution ' 2 .
|T|El31 ' ( signal for tied solution ' ' n/
ITIED2 signal for tied solution
IUCUT integer’ part of UCUT
UGS " . array of upstream ground state values
T~
JUMHN “integer part of UMHN
iup identification number for upstreum_stare
tUS integer part of UGS
1USER ‘E user's name ‘
IX- best decision
IYEAR year
FYES signal
J indgxf:&ioble
JL array. of lowest feasible upstream states .
JNS . | array of maximum optimum states at junctions
JS state varicble
JU - ~ array of highest feasible upstream states
JX decision variable
J34 _ constant
K ‘index variacble
KB {(humber stages stored on tape - 2) *KTAPE

.



_ .
Variable

KBRNCH
KC

KCL

' KDEC:
KDECK .
KK:
KKN
KN
KOUNT1
KOUNT?2
KOUNT3-
KS

KSER

" KSERP1

KSS
KTAPE
KTIES
KX

K34

LARGE

-

e g - B T L IR R Ry SO

Descr-igtior!
m.'my of _nvdmbe_r of sewers in each Brcmch
mdex variable
in&gerpaﬂ-ngLevcu
qrmy‘of opﬁm;}n aecisions .
decision- ! H
index variable
s‘tcg_e
sh:g‘ep
signal to check if ouh‘ali sewer has been’ selected

- ?

signal to select first feasible pipe in any stage

v . o

signal to show that there is.c-x feasible pipe
s‘l'cm_a '
number of se;‘iul_ systems

KSER +1

identification number

number of blocks of dqfo.stored on. tape for each stuge
tied solution identification array

decision

index variable

index variable

number of serial systems

4



LAYER
LAYMAX
LINES

- LL

LLHIGH -,
LMJ’

LOW

LOWD

LOWEST

M ;
woo N
MAXS -
MFLAG
M2

N
NBRNCH
NCOL
NCUT
NCONST
ND

Ni

index varigble

Descriéﬁon
- - v \
index variable

‘index variable . .

L}

. maximum’ number of sewers +1

-
branch~identification number

branch with highest most upstream grdund elevation

LINES =i

fowest state value for the sewer system

low decision value

lowest state value for any branch other than branch LLHIGH J

.index variable

maximum decision

maximum state for the problem Q-

signal to note fied solutions

index variable

o Ly

stage

‘ +
number of branches pemmited

v 1

£
q - ' T oon
index variables, g

signal for constraint elevations
decisfon variable S

input reference

v'“'



‘ | \ . ) - 187

Varigble . | 'Descr'igtion Co. -
. 0 NJMAX _ quimum'number-of junctions permitted”- |

ANJ:UNC . unction number . L
NJUNCS number of junctions in the p;'oblem,, |

NLINES numb'e/r of |ine§ in the ;;r§b|em

NMK - N =K
- NN3 identification nur_nberfor H‘m maximum state value in the ;

L problem

NO ~ output reference

NPlPFES ' number of pipe siz;i considered

NPRQL’ number of -problems

NROW _ i index variable - !

NRUN * run _numb'ar' |

NS state variable

NSEWER - number of sewers, including dymmy'sewém, .for which

s o -'debisionshavejbe'ean stored ori the scratch tape

1
NSHAFT - index varicble - \
l.NSMAX -_()?3 ‘ m{.:xi‘mur.n numbef" of state Vfllues\genni.ffefi
NSMND  ~ % 'NS - ND .
" .. N§}RGE - outlet st'uge for any branch o
: " NSTMNT NSTAGE ~ N1 o | ' ‘
5\ NSTMI  NSTAGE - 1 A



+

-

¢

¥

'NSUP o=

_\

Variable '

f . ’ . '

, ; k" ' Description

upstream sjg:te' '

NTP q L scratch tape reference

NTY o irfadex vqoriable!. for.tied solutions
N1 - . ‘furthest u;;stre_é}n stage, 'in any branch
N2 | : | stcge-‘ ' b | ‘ | ;_
N3 . - NSTAGE+1 - |
OCO;T : origir"!ql cast e

- OCUT ﬁibrigiriml cut ‘
OHT . ' o‘rigindl height .
OSHFTH : 'lor:iginol shaft height . |
OuT - \OUTFAL - X) ~

~ outnia* outfall diamater

- PCOST - array of the stage cosi's._ .
PDEPTH -'  array of the depths of Flow
PDIA 7 | ;:rrdy of pipe si;zes ’
PDINV N array of downstream invert elevations

-

-PDROP; - array of drop heights \ ,
_-_.g_,x“ “ ’ b - : -
PEAKF ~ Cpeoking factor f X {2

PEAKFS . peaiciné factor selector
PENERGY ..+ array of specific enefgies

PFALL " array of FALL values

(/f“

I -
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S T T T —

Pl
PINVDP -
PIPE
~ PIPES
CPKEMAX .
PLNGTH
_ PMHLOSS
POMSK
POP -
| POPD
PQFULL
. PPIPE
PSLOPE
©PUINY
PVFULL
PVMAX
o PVM’:/N
N PW | ’
| " PWTMIN. ¢

T 7

i
DescriEtion

constant pi

array of invert elevation drops across a sewer
pipe diameter 1(

array of branch outlet pipe sizes

maximum peaking fa.cfor |

pipe length -

agray of manhole energy losses

~

Pomeroy's coefficient

c;rmy of populations . a
array of populofic-m_ de;nsities.

' array of .s'ewer co};acities 1 '_

‘pi-pe diometer (_;

array of p_ip'e sloF‘:es' - N

orrqy— of upstream ir;lver} elevations _' m
q;m::y of full flow velocities
ar@ of maximum velocities
arr;'y of -rninirﬁum velocities
pipe wc;ll thickness )

minimum pipve wall thickness

population in thousands

“array of additional Flows

-5
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Variable

 QCMCFS

'QCOM .
QDMAX
QDMIN
QDOM
QF
QFULL
QIDCFS
QIFCFS

QIND

QINF T,

QRATIO.
QSOVQF
R

RCOM
RDOM

. RIND

 RINF

* RMANN

" RUN -~

- run number

!

. Description \/ .
. commeicial flow .

'

commercial flow rate ;
Larroy of muxi'mum' design flows

array of minimum design flows

domestic flo'w ‘rate

sewer capacity at minimum velocity VMIN

sewer capacity

industrial flow

“infiltration .

industrial fiow rate

. infiltration flow rate

!
QDMAX/QFULL

QDMAX/QF

hydraulic radius

commercial flow rate

domestic flow rate

" industrial flow rate

infiltration flow rate _

1
Manning's roughness coefficient

190
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E 9
Variable -' . ' . Description o Y —
S ' slope of sewer: \L_ — .

SC slope fon equal self ‘tar:sing” B ‘
SCLF / array of manhole shaft costs

. SCOVSF sc/sE |
SDIA " smallest permi;sible diame}gr

SDIAY | smallest perm'issiBI.e‘ branch diameter

]SDIAM_ | array of smallest pemisibie diameters, ﬁssigned during
design of the stcge‘ -

SDIAM array,'of‘ sorted _branch 'out.ltﬁat diameters

SF slope of sewer ‘Flowing ﬂ}l‘l at v.elocity,.VMlN'

SHAFTH shofr(heigh.t' /

SHETHN  shaft height now

SIGN3 - sfgnal to select full flow or partial flow analysis - |

SIGN4 | si‘g‘nal to-'select first or second pa}

SLOPE slope of sewler e:;:lel"gy ‘|‘iqe o

SMALL(/\- smallest "cost at a junction ~

S ) . R /_/— .
. SMALLP ¢  smallest pipe at a junction .
™ SMAX . . Wﬂ slope | o
' SMIN SR minimum slope o e
TE(S\ST_ ‘ ~ cumulated cost.of the sewer system

TYPE' / ) variable ‘to' select class of fk&



e

ERWEE

Variable

oo

UCUT

UGELEV

UGHIGH -

UGS
UMHN
UNITP
UUCUT
VFULL
VL
VMAX
VMAXP
VMIN
VMINP

VRATIO

VU

XHS
XIN
XL.OwW

XMAXD

Dacrigtion

upstream- cut

array of upstream ground elevations

<

highest upstream ground elevation for a stage N1 sewer -
- UGELEY ) - X) |
‘c:rr;cry of upstream manhole numbers

price per lineal fc;ot

upstream cut

full flow velocity

maximum downstream veloc'ify

r-nox.iml.;m velocity pem;litred

mm‘cimum velocity

minimum velocity permmitted

minimum velocity

VMAXPAVFULL

maximum upstream velocity

vertical distar;:;:e between UGHIGH and energy line
elevation

maximum state value

array of junction. numbers

low s;tcite value

maximum decision value
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Variable .

XNS
XRCOM
XRIND
XRUN
Y

Z

Y

&

-

“ " Description
minimum state value |
commercial flow rate .
industrial fldw rate"
length of sewer ‘

value used to compute feasible region in second pass

variable

193



APPENDIX 3

- Flow Charts
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. COSTM ' - 209 .
7 *
™
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N
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