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FOREWORD

The Environmental Protection Agency was created because of
increasing public and government concern about the dangers of
pollution to the health and welfare of the American people.
Noxious air, foul water, and spoiled land are tragic testimonies
to the deterioration of our natural environment. The complexity
of that environment and the interplay between its components
require a concentrated and integrated attack on the problem.

Research and development is that necessary first step in
problem solution, and it involves defining the problem, measur-
ing its impact, and searching for solutions. The Municipal
Environmental Research Laboratory develops new and improved
technology and systems to prevent, treat, and manage wastewater
and solid and hazardous waste pollutant discharges from munici-
pal and community sources, and to minimize the adverse economic,
social, health, and aesthetic effects of pollution. This pub-
lication is one of the products of that research--a most vital
communications link between the research and the user community.

The information presented here is a users' guide for the
Executive Program. This computer program provides the quan-
titative expressions for calculating the performance and cost of
wastewater treatment systems as a function of the nature of the
wastewater to be treated and the design criteria associated with
the individual unit processes that comprise the system. As such,
it can be a valuable tool to the design engineer for determining
the most cost-effective system for achieving any specific waste-
water treatment goal.

Francis T. Mayo
Director, Municipal Environmental
Research Laboratory
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ABSTRACT

This document contains a portion of the material used for
the Short Course on the Applications of Computer Programs in the
Preliminary Design of Wastewater Treatment Facilities. The
short course lectures appear in Section I of the report, under
separate cover.

Section II, contained herein, contains the users' manual
and program listing for the Executive Program for Preliminary
Design of Wastewater Treatment Systems. The users' manual
describes the use of the program and subroutines. Several ex-
amples show appropriate input and expected output for a variety
of applications. 1In addition, the theoretical basis for the
calculations are shown in the form of conventional mathematical
and equivalent fortran equations.

The program listing includes the fortran listing for the
main program (EXECMAIN) and each of the 27 subroutines, repre-
senting different treatment processes, energy consumption, and
cost calculations. The program listings include extensive docu-
mentation and can be easily related to the theoretical equations
in the users' manual.

This report was submitted in partial fulfillment of Grant
Number R-805134-01 by the Pritzker Department of Environmental
Engineering at the Illinois Institute of Technology under the
sponsorship of the U. S. Environmental Protection Agency. This
report covers a period from May 23, 1977 to June 22, 1978 and
work was completed as of June 22, 1978.
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SECTION 1

Main Program, EXECMAIN

INTRODUCTION

The Executive Program is a digital computer program which
can be used to compute the quasi-steady-state performance and
cost of wastewater treatment systems. Groups of conventional
and advanced wastewater treatment processes arranged in any lo-
gical configuration can be simulated using this program. Table
1l gives a listing of the 24 unit process models that are pre-
sently included in the program along with the subroutine name
and identification number for each process. Each unit process
is handled as a separate subroutine, which makes it possible to
add additional process models to the system as they are
developed.

Initial development began on the Executive Program in 1967
and has continued until the present time. The program is writ-
ten in FORTRAN IV. The complete FORTRAN source card listing
of the computer program is included in this section. The system
presently consists of the main program, entitled EXECMAIN, 24
process subroutines (each subroutine computes the performance
and the costs associated with building and operating the unit
process), and 3 additional subroutines entitled COST, PRINT,
and ENGY. EXECMAIN reads the input data to the program, handles
the iteration for system recycle streams, and calls the proper
subroutines to perform the needed calculations. The COST sub-
routine sums and updates (by means of cost indicies) the costs
of the individual processes and adds additional charges for
yardwork, land, engineering, legal-fiscal-administrative ser-
vices, and interest during construction. PRINT simply prints
out all of the pertinent input and output data in a prescribed
format. ENGY computes and prints out the energy requirements
(electrical power, fuel oil, natural gas, etc.) associated with
operating each unit process.

The Executive Program can be used as a valuable prelimi-
nary design tool by the consulting engineer or planner. The
performance of existing and proposed wastewater treatment plants
can be simulated along with providing cost estimates for build-
ing and operating these plants. It is also possible to mathe-
matically optimize a particular treatment system by varying
design parameters and noting the effect on performance and cost.
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Subroutine Name

Identification Number

PREL, preliminary treatment 1
PRSET, primary sedimentation 2
AERFS, activated sludge-final settler 3
MIX, stream mixer 4
SPLIT, stream splitter 5
DIG, single stage anaerobic digestion 6
VACF, vacuum filtration 7
THICK, gravity thickening 8
ELUT, elutriation 9
SBEDS, sand drying beds 10
TRFS, trickling filter-final settler 11
CHLOR, chlorination-dechlorination 12
TFLOT, flotation thickening 13
MHINC, multiple hearth incineration 14
RWP, raw wastewater pumping 15
SHT, sludge holding tanks 16
CENT, centrifugation 17
AEROB, aerobic digestion 18
POSTA, post aeration 19
EQUAL, equalization 20
DIG2,‘second—stage anaerobic digestion 21
LANDD, land disposal of liquid sludge 22
LIME, lime additional to sludge 23
RBC, rotating biological contactor-final settler 24

Table 1 Unit processes contained in the executive program



Furthermore, alternate treatment systems can be compared with
respect to performance and cost. Cost-effectiveness studies
along these lines are becoming increasingly important because of
the soaring construction costs that are now being experienced.

PROGRAM DESCRIPTION

The first step in using the Executive Program is to draw a
system glow diagram showing the processes to be used and the
connecting and recycle streams. The process symbols are shown
in each of the Subroutine Users Guides. An example system flow
d+agram is shown in Figure 1. FEach process and stream is as-
signed a number by the program user. Any stream can be numbered
2 through 30, and any process can be numbered 1 through 20.
However, the principal influent stream to the system must always
be assigned the number one (1). The number zero (0) must always
be given to the processes that require no input decision data.
Only the stream mixer (MIX) and the stream splitter (SPLIT) need
no input data. Notice that the volume of the split stream must
be supplied by a downstream process, such as gravity thickening,
flotation thickening or sludge elutriation.

The program reads the influent stream characteristics and
stores them with all the computed stream characteristics in the
stream matrix (SMATX) which has 20 rows and 30 columns. One
stream vector is stored in each column of SMATX corresponding
to the user assigned stream number on the system diagram. A
temporary stream matrix (TMATX) with 20 rows and 30 columns is
used internally by the program to store newly computed stream
vectors until they can be compared with the previously computed
values during the program's recycle iterations. The iteration
error (EPS) which will be tolerated when recycle streams are
involved is designated by an easily changeable FORTRAN state-
ment in EXECMAIN. The value for EPS currently used in the pro-
gram is .10 mg/l. Each stream is referenced by the assigned
stream number in the first row of SMATX, the volume flow in mgd
in the second row, and the concentration of 17 contaminants in
rows 3-19. Row 20 is unassigned at present, although, the num-
ber of contaminants contained in the stream vector may increase
as new unit process subroutines are added to the program in the
future. A list of the information contained in the stream vec-
tor is shown in Table 2 along with the FORTRAN variable names
that are used.

A decision matrix (DMATX) is provided with 16 rows and 20
columns for storing input design parameters such as settler
overflow rates, solids loading rates, detention times, chemical
doses, and so on. One decision vector is stored in each column
of DMATX corresponding to the user assigned process number on
the system diagram. In other words, input parameters for pro-
cess N are stored in the Nth column of DMATX. Column 20 of
DMATX is reserved for cost parameters which apply to all

3
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Row FORTRAN
Number Variable Name

1 SMATX(1,I) I

2 SMATX(2,I) Q

3 SMATX(3,I) SoOC
4 SMATX(4,I) SNBC
5 SMATX(5,I) SON
6 SMATX(6,I) SOP
7 SMATX(7,I) SFM
8 SMATX(8,I) SBOD
9 SMATX(9,I) VSS
10 SMATX(10,I) TSS
11 SMATX(11,I) DOC
12 SMATX(12,I) DNBC
13 SMATX(13,I) DN
14 SMATX(14,I) DP
15 SMATX(15,I) DFM
16 SMATX(16,I) ALK
17 SMATX(17,1I) DBOD
18 SMATX(18,1) NH3
19 SMATX(19,I) NO3
20 not used

Parameter Definition

stream number
volume flow, mgd
solid organic carbon, mg/1l

solid nonbiodegradable carbon,
mg/1
solid organic nitrogen, mg/l

solid organic phosphorus, mg/l
solid

solid

fixed matter, mg/l

5-day BOD, mg/1

volatile suspended solids, mg/l
total suspended solids, mg/l
dissolved organic carbon, mg/l

dissolved nonbiodegradable
carbon, mg/1

dissolved nitrogen, mg/1l
dissolved phosphorus, mg/1l
dissolved fixed matter, mg/l
alkalinity, mg/1

dissolved 5-day BOD, mg/1
ammonia nitrogen as N, mg/l

nitrate as N, mg/l

Table 2 Contents of the stream matrix (SMATX)

Nominal Value
for
Plant Influent

10.
105.
30.

10.
2.
30.
140,
224,
254,
43,
11.

19.
4.
500.
250,
60.
15,
0.



processes, such as electrical power cost, construction cost
index, hourly labor wage rates, and so on. Row 16 of DMATX (and
additional preceding rows if required, such as in the AERFS pro-
cess) is reserved for the excess capacity factor (ECF), which is
a multiplier on the calculated design size of the process, to
allow shutdown for cleaning and maintenance work.

For processes having a non-zero process number (N), the
contents of the Nth column for DMATX are read into the program
from 2 input data cards which follow the process card for the
Nth process. For the stream mixer and the stream splitter,
where no process number is assigned (the number "0" is given),
the 2 cards containing decision parameters are omitted. A list-
ing of the contents of DMATX for each unit process is given in
the Subroutine Users Guides, along with definitions of the vari-
ables and nominal input values.

An output matrix (OMATX) is provided with 20 rows and 20
columns for storing computed output parameters from the various
process subroutines. Output parameters for the Nth process are
stored in the Nth column of OMATX. A listing of the contents of
OMATX for each unit process is given in the subroutine Users
Guides along with definitions of the computer output parameters.

The main program (EXECMAIN) has the function of calling the
process subroutines for computing the performance and cost of
the individual unit processes in the proper order. When a re-
cycle loop occurs, this involves recomputing all of the pro-
cesses within the recycle loop in an iterative manner until each
element of all stream vectors ceases to vary by more than the
prescribed tolerance (EPS).

INPUT REQUIREMENTS

A description of the system configuration (the process lo-
cations and interconnecting streams) is communicated to the
computer by an input deck of process cards. One card is used
for each process with the process number (N) punched in columns
3 and 4 (right-justified). The type of process is specified by
an assigned identification number as given in the Subroutine
Users Guides. This number is punched in columns 7 and 8 (right-
justified) of the process card. If desired, the process sub-
routine name can be punched in columns 10 to 16 in order to
clearly identify the process card and to include this informa-
tion in the final program printout. The number of the principal
input stream to the process (IS1l) is punched in columns 20 and
21, TIf a second input stream exists, the number of the stream
(IS2) is punched in columns 30 and 31. The principal output
stream from the process (0Sl) is punched in columns 40 and 41.
If a second output stream exists, the number (0S2) is punched in
columns 50 and 51. 1ISl1l, IS2, 0S1 and 0S2 are all punched as
right-justified data. ©Notice that the principal input and output
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streams must correspond to the designation shown in the Sub-
routine Users Guides. The two DMATX input cards follow immedi-
ately after the process card where required. Also, the user
should be careful to arrange the logical order of the process
cards so that no streams are used before they are computed.

A listing of the process cards is printed out as part of
the output from the program. The process card information for
the sample system shown in Figure 1 is listed in Table 3.

The FORTRAN format for the input data can be input in two
ways. The first is for both a single design case and multiple
design cases, where each design case has a different flow dia-
gram. The second arrangement is used for multiple design cases
that all utilize the same flow diagram. The second arrangement
simplifies the preparation of input data.

Single Design Case

Table 4 gives Arrangement 1 of the FORTRAN format for read-
ing the input data to the program. Input card 1 tells the pro-
gram how many data cases (NCASE) are to be run (columns 1 and 2).
In addition, REPEAT = "0" in column 4 indicates that each design
case will have a different flow diagram. REPEAT = "1" in column
4 indicates that the original flow diagrem is repeated in each
design case. Repeat is usually "O" in Arrangement 1. CHECK1l
= "1" in column 6 causes the raw sewage composition and process
design criteria to be printed out at the beginning of the first
iteration. It is used for trouble shooting when one or more of
the subroutines produces an overflow calculation error. CHECK1l
is usually set equal to zero "0" in column 6 to avoid excess
printout.

Input card 2 is the title card for each data case. Any
alpha-numeric identifying data may be punched anywhere on this
card, and this information will be the title of the program
printout.

Input cards 3, 4 and 5 give the composite flow and concen-
trations of the raw sewage input stream to the treatment plant
which is always labeled as Stream 1. Input cards 6 and 7 pro-
vide the general cost information. This is stored in column 20
of the decision matrix (DMATX).

The next input cards represent the processes. Each process
will have three cards, unless the process number is "0" (SPLIT
and/or MIX). The three cards will consist of a process card
(card 8 in Table 4) and two decision cards (where necessary,
cards 9 and 10 in Table 4). The last card in the data deck has
a "9" in column 1. No other data is punched on the termination
card. This last card is important because it indicates end-of-
file for each data case. Note that the value of K in column 1

9
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DESIGN CASE NO, 1

10 MGD

X

oocoooooooCcococcCco

EXECUTIVE PROGRAM STANDARD TEST SYSTEM 1 10-28=1976
SYSTEM DIAGRAM
INPUT DATA
N PROCESS 1s1 1s2 0s1
1 15 RwP 1 0 2
2 1 PREL 2 0 3
) 4  MmIX 3 19 4
3 2 PRSET 4 0 5
4 3 AERFS ) 0 6
0 5 SPLIT 6 0 25
0 4  MIX 7 8 9
5 8 THICK 9 24 10
6 6 ULIG 10 0 11
7 21 Uule2 11 0 12
8 16 SHT 12 0 13
9 7 VACF 13 0 14
0 4  MIX 20 21 22
) 4 MIX 22 23 19
10 14 MHINC 14 0 15
11 12 CHLOR 25 0 26
0 0 0 0 0

Table 3 Sample output of process information
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Input

Input

Input

Input

Input

Input

Input
on:

Table 4

Card 1:

Card 2:

Cards 3,

Cards 6,

Card 8:

Cards 9,

Cards 11

10:

and

NCASE, REPEAT, CHECK1
FORMAT (3I2)

LIST
FORMAT (40A2)

(SMATX(I,1), I = 2,20)
FORMAT (8F10.0)

(DMATX(I,20), I = 1,16)
FORMAT (8F10.0)

K,N,IPROC, (NAME(I), I = 1,3),
181,1S2,0S1,0S2

FORMAT (Il,1X,I2,2X,I2,1X,3A2,
4X,I12,8X,12,8%X,I2,8X%,I2)

(DMATX(I,N), I = 1,16)
FORMAT (8F10.0)

Continue with additional process
cards.

Process card with a "9" in column
1 indicates end-of-=-file.

Begin next data case with Input
Card 2, etc.

Arrangement 1 of Fortran format for input data cards



of each process Identification Card, e.g. 8, 11, 14, etc.,
should be zero "0" except for the termination card.

Multiple Design Cases

Table 5 gives Arrangement 2 of the FORTRAN format for read-
ing multiple input data to the program. On the first input card
a value of one for REPEAT (a "1" in column 4) indicates that the
multiple design cases will repeat, or utilize the flow diagram
used in the original design case. A "0" in column 4 indicates
that the original flow diagram is not being repeated, which in
essence, is the format of Arrangement 1. CHECKl can have a
value of "O0" in column 6. A "1" causes a printout of raw sewage
composition and process design criteria to be printed out at the
beginning of the first iteration. A value of "0" eliminates
this initial printout.

Input cards 2 through M use the same format as in Arrange-
ment 1.

Rather than repunch all M cards for a second (or multiple
design case, a simplified, easy to punch format can be followed.
Card M+l indicates whether new raw sewage composition, SMATX
(I,1), and/or new cost parameters, DMATX(I,20), and/or new pro-
cess design criteria, DMATX(I,N) will be used. A value of "1"
for NEWRAW in column 2, NEWCOS in column 4 and/or NEWDMX in col-
umn 6 indicates that new values are to be added in that category.
A value of "0" indicates no new values will be added. Input
card M+2 is the title. Beginning with input card M+3 are sev-
eral possible cards. First, three SMATX(I,l) cards will follow
if NEWRAW has a value of "1" rather than "0". Two DMATX(I,20)
cards will then follow if NEWCOS has a value of "1" rather than
"0". Finally, a series of cards will follow to indicate which
processes are to have new design values, and what the new values
should be. This of course is for the case where NEWDMX has a
value of "1". On the next card NPROC indicates how many of the
original processes will have new design criteria added. The
value for NPROC is entered in columns 1 and 2 (right-justified).
PROC(II) is an array which contains the user assigned number for
each of the processes which will be given new design criteria.
Finally, there will be two additional design criteria DMATX(I,N)
cards for each of the NPROC processes being updated.

In Arrangement 2 a card with a "9" in column 1 is not
placed at the end of design case 2, 3, etc. because it is not
needed. Also, if three or more design cases are to be evaluated
using Arrangement 2, the input cards should repeat the format of
input cards M+l through M+3 etc. for each new design case.

OUTPUT
Sample output from the program is shown in Tables 3 and 6

10



Input Card 1 NCASE, REPEAT, CHECKI1
FORMAT (3I2)

Input Card 2 LIST
FORMAT (40A2)

Input Cards 3, 4, 5 (SMATX(I,1), I = 2,20)
FORMAT (8F10.0)

Input Cards 6,7 (DMATX(I,20), I = 1,16)
FORMAT (8F10.0)

Input Card 8 K,NIPROC, (NAME(I), I = 1,3),
Isl, 1Is2,0S1,0S52
FORMAT (I1,1X,I2,2X,I2,1X,3A2,
4X,12,8X,12,8X,12,8%X,12)

Input Cards 9, 10 (DMATX(I,N), I = 1,16)
FORMAT (8F10.0)
Input Cards 11 Continue with additional process
through M cards. Card M will be the design

case termination card with a(9)

in column(l). The Repeat of the
same design flow diagram with diff-
erent raw sewage stream characteris-
tics, SMATX(I,1l), cost parameters
DMATX(I,20) and/or process design
criteria DMATX(I,N) begins with the
next card

Input Card M+l NEWRAW, NEWCOS, NEWDMX
FORMAT (3I2)

Input Card M+2 LIST
FORMAT (40A2)

Table 5 Arrangement 2 of Fortran format for input data cards
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Input Card M+3

(sMATX(I,1), I = 2,20) only if new raw

FORMAT (8F10.0) sewage character
istics will be
and/or added
(DMATX(I,20) I = 1,16) will then fol-
FORMAT (8F10.0) low if new
cost parameters
and/or will be added
NPROC, (PROCNO(II), will then follow
II = 1, NPROQC) if new process
FORMAT (10I2) design criteria

will be added for
one or more of the
original processes

(DMATX(I,N) I = 1,16) will then follow

FORMAT (8F10.0) for each pro-
cess which will
be given new
process design
criteria

For repeated design cases which use
the same flow diagram as the original
design case, a termination card is
not used. For each additional
repeated design case, the sequence

of input cards M+1, M+2, M+3 etc.

is repeated.

Table 5 (continued)
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€1

y 1.

4.

Q@
10.000

ALK
250.000

Q@
10,000

ALK
250.000

Q@
10,000

ALK
250.000

12.264
ALK
267 .645

12,249
ALK
267.645

11,983
ALK
267.645

Q
<015

ALK
267.645

SoOC SNBC
105.000 30.000
DOC DNBC
43,000 11.000
SOC SNBC
105.000 30,000
DOC DNBC
43.000 11.000
SoC SNBC
105.000 30.000
DOC DNBC
43.000 11.000
S0C SNBC
964539 31,693
0oC ONBC
38.117 11.000
SOoC SNBC
484,330 15.866
DOC DNBC
38,117 11.000
SOC SNBC
6.044 1.832
DOC DNBC
13.651 11.000
SOC SNBC
38615.554 12677.282
DoC UNBC
38.117 11.000
Table 6

STREAM CHARACTERISTICS

SON
10,000
DN
19,000

SON
10,000
DN
19,000

SON
10,000
DN
19.000

SON
9.340

ON
23,530

SON
u.676

DN
23,530

SON
712

DN
21.697

SON
3736.050

DN
23.530

S0P
2,000

“0000

sop

2,000
oP

4.000

SOP
2,000
4.000
S0P
1.787
5.079
SOP

.895
5.079
sop

. 060

DP
5,422

SOoP
714.860

5.079

VOLUME FLOW,

CONCENTRATIONS,
SFM SROD
30.000 140.000
DFM 0OROD
506.000 60.000
SFM SROD
30.000 140,000
DFM DROD
500.000 60.000
SFM SROD
30.000 140,000
DFM DgOD
Sno.000 60.000
SFM SBOD
31.491 121.098
DFM 0B8oD
500.000 50.839
SFM SROD
15.765 60.625
DFM DROD
500.000 50.839
SFM SROD

1.725 7.986
DFM DROD
500.000 4.958
SFM SROD
12596.289 48439,362
OFM DROD
500.000 50.839

Sample output of stream characteristics

VSS
224.000
TSS
254,000

VSS
224,000
TSS
254.000

VSS
224,000
TSS
254.000

VSsS
208.103
TSS
239.594

VSS
104.182
7SS
119.947

VSS
14,386

7SS
16.110

VSS
A3241.124

TSS
95837.414

MILLIONS OF GALLONS PER DAY
MILLIGRAMS PER LITER

NH3
15.000

NO3
.000

NH3
15,000

NO3
«000

NH3

15.000
NO3

+000

NHZ
15,000

NO3
000

NH3
15.000

NO3
000

NH3
15.n00
NO3

. 000

NHX

15.000
NOZ

.00n



T

sio0,

Sli.

siz2,

S13,.

Siy4,

S15.

€]
« 265
ALK
267.645

Q
281

ALK
267.645

¢
«059

ALK
267,645

Q
. 059

ALK
3466, 444

Q
+ 020

ALK
3466,.444

Q
.020

ALK
J466.444

Q
ALK
17868,779

.000
ALK
.000

SoC
2276.345

DocC
13.651

SocC
4260.209

Doc
14.987

S0C
19414,194

DocC
13.817

SOC
64684503

DoC
126.036

S0C
15167.705

DOoC
126.036

soc
15167.705
DOC

socC

78186.274
DoC

649.689

SOC
+000

DocC
«000

SNBC SON
689.802 268,169
DNBC DN

11.000 21.697
SNBC SON
1344,.234 457.491
OUNBC DN

11.000 21.798
SNBC SON
6123.395  2086.842
DNBC DN
11.000 21.710
SNBC SON
6123.395 708.346
LNBC DN
11.000 917.732
SNBC SON
14358,475 1660.970
DNBC DN
11.000 917.732
SNBC SON
14358.475 1660.970
DONBC DN
SNBC SON
74014.870 8561,944
DNBC DN
56.703 4730.712
SNBC SON
.000 0000
DNBC DN
«000 .000
Table 6

SoP
22.763
DP

5.u422

SoP
60,547
DP

5.,403

SoP
275.106

DP
5,419

SOP
93.380

DP
187.145

SopP
218,964

DP
187,145

SOP
218.964

oP
187.145%

S0P
1128.710

DP
964,690

SoP
.000
DP
«000

(continued)

SFM
649.528
DFM
500.000

SFM
1301.736
DFM

500.000

SFM
5928.239

DFM
500.000

SFM
5928.239

DFM
500.000

SFM
13900.863

DFM
500.000

SFM
19725.863
DFM

S500s+000

SFm
101682.606

DFM
2577.393

SFM
«000

DFM
«000

SROD
3007.512
DROD

4.958

SROD
5487.770
NROD

7.463

SROD
25014 .690
DROD

5.268

spon
645,353

DROD
215.118

SROD
1513,.259
DBOD

215.118

SBOD
1513,259
OROD

215.118

seob
7800.527
DBOD

VSS
5417.702

TSS
6067.230

VSsS
9666310

TSS
1096R.0u6

VSS
44071.760

7SS
50000.000

TASY
15395.037

TSS
21323.276

VSsSs
36099,.,137

TSS
50000.00n

VSS
36099,137

TSS
55825.000

VSS
186083,332
TSS

1108.885 287765.941

SROD
000

DBOD
+000

VSsS
+000

1SS
+000

NH3
15.000

NO3
«000

NH3
15.000

NO=
.000

NHZ
15.000

NO3
«N00

NHZ
15.000

NO3
.000

NHZ
15.000

NO3
«00n

NH3
15,000

NOZ
<000

NH3
15.000

NO3
«000

NH3
«n00

NO3
<000



ST

S19.

520,

seil.

ve2.

523,

S2k.

425,

Q
2.264
ALK

345.575

@
2.209
ALK

267 .6u45

@
I039

ALK
3460, L4y

9
Ze248
ALK

S2e 122

W
Cle

ALK
460,444

Q
1,987
ALK

267,645

Q
9.9Y%6
ALK

267 .645

Y]
Y.,9%
ALK

267.645

SocC
59.171

DoC
16.551

SocC
27.3u9

Doc
13.817

S0C
1877.612

DocC
126,036

S0C
59.206

boc
15.749

S0C
H4. 340
DoC
126.0506

SoC
6. 044
Doc
13.651

S0C

6044

DOC
13.651

S0C

6.044

DocC
13.651

SNBC SON
39.171 6,426
ONBC DN
11.000 43,539
SNBC SON
B8+626 2940
DNBC DN
11.000 21.710
SMBC SON
1777.438 205.612
DNBC DN
11.0n0 917.732
SKNBC SON
39,081 6.429
UNBC DN
11.00¢0 37.137
SNBC SON
51441 5.951
DNBC DN
11.00C 917.732
SHBC SON
1.832 712
UNBC DN
11.000 21,697
SNBC SON
1.832 .712
DNBC DN
11.000 21.697
SNBC SON
1.832 o712
DNBC DN
11.000 21.697
Table 6

SOP

« 847
DP
G.846A

SoP

« 388
DP
5.419

50pP
27.106

ne
187,145

SOP
+.848
op

8,548

SOP
« 784

DOP
187.145

SOP
+ 060
DP

SoP
«060
DP

Se422

SOoP

. 060
DP
5,422

(continued)

SFM
38,074
DFM

500.000-

SFM

8.351

DFM
500.000

SFM

1720.790
DEM

500,000

SFM
37.836

DFMm
500.000

SFM
70.670

DFM
500.000

SFM
1.725
DFM

500.000

SFMm

1.725

DFM
500.000

SFM

1.725

DFM
500.000

SBOD
37.621
DROD
10.381

SnoD

35.238

DROD
5.268

SROD
187.327

DROD
215,118

SROD

37.857

0ROD
8.882

SBOD
S.421

DROD
215.118

SROD
7.986

DBOD
4.958

SBoD
7.986

DBOD
4,958

SBOD
7.986

0BOD
4.958

VSsS
137.894
TSS
175.969

VSS
62.084

7SS
70.435

VSs¢
44e63.718

TSS
6189,508

VvSS
137,957
1TSS
175.793

VSS
129,330
TSS
200.000

VSS
14.386

1SS
16,110

VSS

14.386
TSS

16.110

VSsS
14.386

7SS
16.110

NH3
15.000

NO3
<000

NH3

15.000
NOZ

«000

NH3
15.000

NO3
.000

NH3
15,000

NO3
«000

NH3
15.000

NO3
«000

NH3
15.000

NO3
«000

NH3
15.000

NO3
=000

NH3
15.000

NO3
«000
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Kaw wASTEWATER
FUMP [NG

PRELIMINAKY
TREATMENT

FRIMAKY
SEDIMENTATION

ACTIVATED SLUDGE=-

FINAL SETTLER

HEAD
30.00

IPREL
1.0

FRPS
.50

BOD
13.0

BOL2
111.5

MLNBSS

464 v

Table 7

WP
14,81

UkPS
400.0

MLSS
2000,

DOSAT
10.8

MLDSS
30.

Sample

PROCESS CHARACLTERISTICS

CCosT
COSTO
ACOST
TCOST

HP WK GPS APS
14,0 1375.2 10,701

SETTLER
SLUDGE
PUMPS
DEGC CAER20 00
20,00 1.00 1.00
XRSS AFS CAER
0080 20.54 1.00
MLISS FOQD RTURN
217. 45,9 N
AERATOR
BLOWER
SLUDGE
PUMPS
FINAL
SETTLER

CAPITAL COST,
OPERATING + MAINTENANCE COST,

AMORTIZATION COST.,

TOTAL TREATMENT COST,

ccosT
710223,

ccosT
216086.

PGPM
128,

CCosT
312019.

953u8,

AEFF20
+ 05

CEDR
125

CNIT
.321

CCOosT
600279,

254571,

160196,

506368,

COSTO
«520

cosTo
+«569

cosTO0
276

«308

URSS
3.00

VAER
24319

ARCFD
4153202,

cosTO
«000

«951

« 349

u22

DOLLARS

ACOST
1.522

ACOSY
463

ACOST
«669

<204

GSS
700.00

UNIT
3.6u48

BSIZE
2884,

ACOST
1.287

546

«343

1.085

output of process characteristics

CEMNTS/1000 GAL.
CENTS/1000 GAL,

CENTS/1000 GAL.

TCOST
2,042

TCOST
1.032

TCOST
<945

512

HEAD
30,00

MLASS
248,

CFPGL
'3“

TCOST
1.287

1.497

«693

1.507

ECF
1.00

ECF
1.00

ECF
1.20



LT

P10

OKAVITY
THICKENING

SINGLE STAGE
ANAEROBIC
VIGESTION

SECOND STAGE
ANAEROBLC
VIGESTION

SLUDGE HULDING
TANKRS

vaCuyuwm
FILTRATION

MULTIFLE BEAKTH
INCINERATION

CHLURINATION=
VECHLURINATION

TR
«Yb

10
15.0

TRR
81

TO
15.0

VFL
4,90

Wt
712

ML
2.0

FrHA
Y988,

ucL2
8,00

1SS
50000,

TulG
Jde0

7SS
50000,

VSHT
41.0

HFwK
35,

AVF
671.1

NINC
1.0

WFYR
290968,

TeL2
3040

6Th
700.0

CiDIG
234

TD
15,0

1SS
200,

PSDD
9494,

HPWK
35.0

PSDD
9505,

ceL2
220,00

Table 7

GSTH ATHM
8,0 486045

ca2DIG VDIG
1154, 154.143

vDIG
118.571

IvACF FECL3

1.0 42,00
SPER WV
5.0 .0

EcosT FCosT
1637. 11668,

DS02 Cso2
2.50 180,00

CONTACT
BASIN

(continued)

WRT
7.08

cCosT
185807,

CHu
124331,

CCOSsT
624828,

ccosT
521959,

CCOosT
188161,

(oF.10)
176.00

CCosT
960780,

HV
10000.0

ccosT
773168,

BvoL
41762,

ccosT
129678,

CosTO
«153

co2
65296,

COSTO
410

COsTO
<410

CosTO
272

CFECL
0640

CcOsTO
1.384

TYPE
1.0

COsTO
«935

CUSE
121.57

CosTo
«000

ACOST
« 398

ACOST
1.339

ACOSsT
1,119

ACOST
»403

CCAO
.0125

ACOST
2.059

FC
« 300

ACOST
1.657

SUSE
37.99

ACOSsT
«278

TCOST
. 551

TCOST
1.749

TCOST
1.529

TCOST
L] 675

DPOLY
15,00

TCOST
Jeltl3

CNG

L] 970

TCoST
2.592

TCOST
278

ECF
1.50

ECF
1.30

ECF
1.00

ECF
1.00

CPOLY
.3300

ECF
1.00

ECF
1.00

ECF
1.50
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AUMINISTRATIVE
AND LABUKATORY

GARAGE
ARD  5HOP

LABORATORY XLAY
UPERAT IUN 1.0

YARDWURK
OPERATION

Table 7

CL2 FEED
SYSTEM

S02 FEED
SYSTEM

(continued)

106436,

33261,

CCOosT
221023,

ccosT
65407,

ccosT

«983

266

cosTo
572

CosTO
000

cosTo
646

CosTO
« 354

. 228

.071

ACOST
L4Tu

ACOST
« 140

ACOST
.000

ACOST
«000

1.211 1.20

«337 1.20

TCOST
1.045

TCoOST
+140

TCOST
«HU6

TCOST
« 354
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¢Cl

ee2b’

RATIO

1.331

ACRE

19.98

wP}]

1.075

TCAP

5008900,

AF

«07823

TOTAL PLANT CoST

TOTAL CAPITAL COST = 6665598, DOLLARS ToT

TOTAL AMORTIZATION COST =
TOYAL 0 + M COST =

TOTAL TREATMENT COST =

RI YRS DHR

060 25.n 4.73
YARD TCC XLAND
701254, 5710214, 19977.

Table 8 Output showing

14.286 CENTS/1000 GALLONS TAMM
9.778 CENTS/1000 GALLONS TOPER
24.064% CENTS/1000 GALLONS TOTAL
PCT DA CCINT XLAB
«150 1000. «06 1.00
ENG SUBT1 FISC suBT2
470179, 6200370, 39740, 6240110,

total plant cost

CKwWH

«020

XINT

425488,



10.00
10.00
10.90

1».00
.00
25.00

1450.31
.00

N
© 210.23

9234, 74

10.060
10.00

1.00
« 00

bbe37
-00

10.00 10.00
10.00 10.00
2.00 3.00
.00 .00
107.30  5875.37
. .00
Table 9

ENERGY CONSUMPTION AND CcoST

10.00
10.00

8,00
.00

20.42
.00

10.00
10.00

6.00
.00

453.30
«00

Output showing energ

10,00
10.00

21.00
.00

453.30

10.00
10.00

16.00
.00

.00
.00

v consumption

10.00 10.00
10.00 10.00
7.00 14.00
.00 .00
352,17 245,25
L ] 000
and cost

10.00
10.00

12.00
.00

72
.00

10.00
10.00

«00
.00

.00
.00



through 9 for the example wastewater treatment system. For a
particular design case, the first group of output shows the
title of system and the process cards which describe the simu-
lated wastewater treatment system (see Table 3). The second
group of output data (Table 6) shows the volume flow and concen-
trations of the 17 contaminants in each numbered stream. The
stream is identified by the letter S followed by the number in
the left-hand column of the printout. For example, stream num-
ber 3 is identified by S3. The third part of the output (Table
7) lists the unit processes according to process number and
gives the name of the process with all pertinent input and out-
put parameters and cost data relating to the process. The pro-
cess is identified by the letter P followed by the process num-
ber in the left hand column of the printout. For example,
process number 3 identified by P3. The fourth set of printout
(Table 8) gives the total costs for the entire plant and general
items relating to the cost calculations. The fifth and final
part of the printout (Table 9) gives the energy requirements of
the unit processes used. The electrical power, natural gas,
fuel oil, gasoline, etc., required for operation of the plant
are converted to British Thermal Units (BTU). This conversion
provides an easy means to compare total energy use for alternate
treatment systems.

A flow chart of EXECMAIN is shown in Figure 2. The chart
shows the major branches and loops in the program.

Discussion of individual process subroutines used in con-
junction with EXECMAIN is found in the following sections.
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( START )

ITER = 0

REPEAT

LIST
=0

NEW RAW
SMATX

II=1

NCASE,REPEAT,
CHECK1
=1
I1I1 1 =0 ‘HI’
RETRIEVE PROC,
CHECK1 I FROM INTER~
AL FILE
LIST
CALL SUB-
ROUTINE FOR
PROC. I CAL-
CULATE SMATX,
OMATX, COSTS
RAW SMATX,
COST DMATX >EPS
IFAIL = 1
= EPS |
PROCESS
CARD 1
I=I+1
=9
=0
=1
ITER =
PROCESS ITER + 1
DMATX
IFAIL = 0
STORE INTER-
NAL FILE l
CALL ENGY 1=1
COST
IF 49
K -
i ]
-9 CALL PRINT
IF <NCASE
ITI III=III + 1
Figure 2. Flowchart NCASE

of EXECMAIN showing
major branches and
iterations.

6

NEW PROCESS
DMATX

=1
-1 NEW COST
{ DMATX
=0 1
=1
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EXECMAIN EXEQ0100
EXLCUTIVE PROGRAM FOR DESIGN OF WASTEWATER TREATMENT PLANTEXE00200
RICHARD 6, EILERS, ROBERT SMITH AND ILLINOIS INSTITUTE EXE00300

OF TECHNOLOGY, ENVIRONMENTAL ENGINEERING DEPARTMENT EXE0040G0

AUG, 1977 EXEQ0500
EXE00600

ExE00700

COMMON INITIAL STATEMENTS EXE00800
EXE00900

INTEGER 0S51,0S2,REPEAT,CHECK1»PROCNO ExXE01000
DIMENSTION NAME (3)¢LIST(40) EXE01100

COMMUN SMAYTX(2G+30) r TMATX(20+30) +DMATX(20,20) »OMATX (20,20) +IP(20) +EXED1200
1INPs10,I51,152+0519052/Ns IAERF,CCOST(20,5) +COSTO(20+5) 9ACOST(20,5)EXE01300
2+TCOST(20+5) »DHRIPCToWPI»CLAND,DLAND»PROCNO(10) yFLOW(25) »POW(25) » TEXEQ1400

3KwHD(25) EXE01500
EXE01600

ExE01700

DEFINE AN INTERNAL FILE FOR TEMPORARY STORAGE OF PROCESS EXE01800

DATA USED LATER IN THE EXECMAIN EXE01900
ExE02000

DEFINE FILE 2(50915,UsNNNNN) EXE02100
ExXE02200

ExE02300

ASSIGNMENT OF NUMBERS REPRESENTATIVE OF THE USERS INPUT, EXEO02400

INP, AND QUTPUT, 10, DEVICES EXE02500
EXE02600

INPZ5 ExE02700
10=6 EXE02800
ExXED2900

EXE03000

INPUT FIRST DATA CARD EXE03100
EXE03200

READ (INP,10) NCASE,REPEAT,CHECK1 EXE03300
10 FORMAT (312) EXEQ3400
EXE03500

EXE03600

MAJOR LOOP FOR EACH DESIGN CASE EXE03700
EXEQ3800

DO 770 I1I=31+.NCASE EXE03900
IF (111.EQ.1) GO TO 20 EXE04000
IF (REPEAT,EQ,D) 60 TO 20 EXEO4100
EXE04200

ExXEO04300

INPUT REPEATED DESIGN CASES ONLY = REPEATED FLOW EXE04400

DIAGRAM WITH NEW VALUES FOR RAW SEWAGE STREAM, COST EXEO4500
PARAMETERS AND/OR DESIGN MATRIX VALUES EXE04600
EXE04700

READ (INP,10) NEWRAWNEWCOS,NEWDMX ExEO4800
G0 TO 50 EXEO4900
20 CONTINUE ExE05000
EXE05100

EXE05200

INITIAL ZEROING OF ARRAYS « NOT NECESSARY IN SUBSEQUENT ExE05300

DESIGN CASES WHICH USE SAME FLOW DIAGRAM EXE05400
EXE05500

DO 30 I=1,20 EXE05600
DO 30 U=1.30 EXE05700
SMATX(I+J)=0. EXE05800
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30 CONTINUE EXE05900

VO 40 1=1+20 EXE06000
iP(l)=zo ExXE06100

DU 40 J=1,20 ExE06200
DMATX(Ird}=Q. EXE06300

40 CONTINUE EXE06400
EXE06%00

ExE06600

INITIAL ZERQING OF ARRAYS EXED6700

EXEQ6RB00

50 CONTINUE EXE06500
DO 60 I=1,25 EXEQ7000
FLOW(I)=O, EXEQ7100
POW(L1)=0. EXE07200
TkwHL (1) =0, EXE07300

60 CONTINUE EXE07400
U0 70 1=1,20 EXE07500

DO 70 J=1,30 EXE07600
TMATX(I,J)=0. EXE07700

70 CONTINUE EXE07800
DO 80 I=1,20 EXED7900

DO 80 J=1,20 EXE08000
OMATX(I+J)=0. ExXE08100

80 CONTINUE EXE08200
DO 90 I=1,20 EXE08300

DO 90 Jz1,5 EXE08400
CCUST(Isd)=0. EXE08500
COSTO(I,J)=0 EXE08600
ACOST(I»J)=0. EXE0B8700
TCOST(1sJ) =0, EXEO0BB00

40 CONTINUE EXEORS00
1AERF =0 EXE09000
CLAND=0Q, EXE09100
DLANUZ(Q. EXE09200
EPS=,.1 EXE09300
EXE0Q9400

EXE09500

INPUT  NEW AND REPEATED DESIGN CASES EXE09600

EXE09700

READ (INP,100) LIST EXE09800
100 FORMAT (40A2) EXE09900
WRITE (I0,110) EXE10000

110 FORMAT (1H1,//+55Xs 'EXECUTIVE" s/ 47X 'DIGITAL COMPUTER PROGRAM?',/,EXE10100
158X+ '"FOR' ¢+ /¢34 Xy "PRELIMINARY DESIGN OF WASTEWATER TREATMENT SYSTEMEXE10200
25'9//+58Xe'BY /153X "ROBERT SMITH',/,51X,'"RICHARD G, EILERS'»/) EXE10300

WRITE (10,120} ExXE10400

120 FORMAT (41X,'U,S, ENVIRONMENTAL PROTECTION AGENCY',/¢39X, *MUNICIPAEXE10500
1L ENVIRONMENTAL RESEARCH CENTER'»/, 45X *WASTEWATER RESEARCH DIVISIEXE10600
2ON' /40X, *TECHNOLOGY DEVELOPMENT SUPPORT BRANCH',/,40X,*SYSTEMS AEXE10700
3ND ECONOMIC ANALYSIS SECTION'e/»47X» *CINCINNATI, OHIO 45268',//+,EXEL10800

452X, ' (513) 684=7618'2////7/) ExE10900
WRITE (I10,130) 11 ExE11000

130 FORMAT (/,20Xs 'DESIGN CASE NO.v,12,//7) EXE11100
WRITE (10,140} LIST ExXE11200

140 FORMAT (20X 40A2+//+52Xs *SYSTEM DIAGRAM' /54X, *INPUT DATA',//,28XEXE11300
1o 'KPobXe'N' 45X, 'PROCESS ! 19X s "IS1Y 9y 7Xe*IS20 ¢ TX0 1051 97X 10S521,/) EXE11400

IF (1I1.EQ.,1) GO TO 150 ExE11500

IF (REPEAT,EQ.1,AND,NEWRAW,EQ.0) GO TO 160 ExE11600

150 CONTINUE ExXE11700
ExE11800

EXE11900

INPUT NEW AND SOME REPEATED DESIGN CASES ExE12000

ExE12100

READ (INP,»180) (SMATX(1,1),I=2,20) EXE12200

le0 CONTINUE ExE12300
IF (1I1.EQ.1) GO TO 170 EXE12400
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170

160
1990

Ir (REPEAT,EQ.1.AND,NEwCOS,EG.0) GO TO 190
CONT INUE

INPUT NEwW AND SOME REFEATED DESIGN CASES

REAU (INP,180) (DMATX(1,20),1=1,16)
FORMAT (8F10.0)

CONTINUE

WPIZUMATX(2,20)/1.122
DHK=UMATX(5,20)

PCT=DMATX (6,20)

IF (111.kQ,1) GO TO 230

IF (REPEAT,EQ,0) GO TO 230

WRITE (10,200)

EXE12500
EXE12600
ExE12700
ExE12800
ExXE12900
EXE13000
EXEL13100
ExE13200
ExXE13300
ExXE13400
EXE13500
EXE13600
EXE13700
EXE13800
EXE13900

200 FORMAT (/////+140Xs"PROCESS AND STREAM NUMBERING SAME AS DESIGN CASEXE14000

210

240
250

260
270
280
290
300

310
320

330

1E NOe 1Y)

IF (NEWOMX,EQ.0) GO TO 340

INPUT SOME REPEATED DESIGN CASES ONLY =~ NOT FOR NEW
CASES

READ (INP»210) NPROC! (PROCNO(II) II=1,NPROC)
FORMAT (1012)

DO 220 II=1,NPROC

N=PROCNO(II)

INPUT SOME REPEATED DESIGN CASES ONLY = NOT FOR NEW
CASES

READ (INP,180) (DMATX(IsN),I=1,16)
CONTINUE

GO TO 340

CONTINUE

BEGINNING OF LOOP DOWN TO STATEMENT 340 WHICH WILL
ASSIGN VALUES TO EACH PROCESS, INFLUENT STREAM AND
EFFLUENT STREAM IN THE FLOW DIAGRAM = IF SAME FLOW
DIAGRAM IS USED, THIS SECTION IS SKIPPED

KKK=1

READ (INP,250) KoNyIPROC» (NAME(I)+I=1,3)91S51,152,051,052
FORMAT (11,1XeI212Xe12,1X0e3A2,4X912,8X21298%X»12,8X»12)
WRITE (I0+,260) KiNyIPROCe (NAME(I)¢I=1,3)+1S1¢152+05S1,0S52
FORMAT (28X I104XsI12¢4XsI12,2Xe3A20T7Xr12,8Xe12+8X112,8%Xe12)
IF (K=9) 270+330¢330

SMATX(1,1S51)=1IS1

SMATX(1,051)=0S1

IF (1sS2) 290:290,280

SMATX(1/,IS2)=152

IF (0S2) 310+310:300

SMATX(1,082)=0S2

IF (N) 330,330,320

IP(N)ZIPROC

READ (INP,180) (DMATX(I,N),I=1,16)

WRITING PROCESS AND STREAM NUMBERS ONTO THE INTERNAL
FILE WHICH wAS DEFINED aBOVE
WRITE (2'KKK) KN+ IPROC,1S1,152,051,052

KKR=KKK+1
IF (K=9) 240+350+350
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340 CONTINUE
350 1TkR=0

BEGINNING OF ITERATIVE LOOP IN WHICH THE STREAM
PARAMETERS ARE REEVALUATED TO REFLECT THE EFFECT OF
POSSIBLE RECYCLE STREAMS BACK TO THE BEGINNING SECTIONS
OF THE PLANT

360 ITLR=ITER+1
IF (1TERW.NE,1) GO TO 370

INITIAL VALUES OF ALL PROCESSES AND STREAMS WILL BE
PRINTED IF CHECK1 IS EQUAL TO 1 - TROUBLESHOOTING AID
IF PROGRAM EXECUTION IS INTERRUPTED

IF (CHECK1,EQ,.,0) GO TO 370

CHECK1=0

CALL PRINT

370 CONTINUE
KKK=1
IFAIL=0

IF (ITER=25) 4000400,380
380 WRITE (10,390)

EXE19100
EXE19200
EXE19300
EXE19400
EXE19500
EXE19600
EXE19700
EXE19800
EXE19900
EXE20000
Exr20100
ExE20200
ExE20300
EXE20400
EXE20500
ExXE20600
EXE20700
EXE20800
EXE20900
EXE21000
ExXE21100
ExE21200
ExE21300
EXE21400
ExXE21500

390 FORMAT (/////7+10X%¢"EXECUTIVE ITERATION DOES NOT CONVERGE'»/,10X,'PEXE21600

1RINTOUT IS FOR THE LAST ITERATION?)
G0 TO 760

READING THE PROCESS AND STREAM NUMBERS STORED IN THE
TEMPORARY INTERNAL FILE

400 READ (2'KKK) K,N+IPROC,IS51,152:051,0S52
KKK=KKK+1

AFTER ALL PROCESSES HAVE BEEN CALCULATED FOR THE FIRST
ITERATION AND THE NEXT PROCESS DATA TO BE READ FROM
THE INTERNAL FILE IS THE ONE WITH THE LONE VALUE OF
Kzg9 IN COL. 1., IFAIL wILL BE EQUAL TO 1 AND STATEMENT
410 WILL BE EXECUTED

IF (K=9) 420:410:410

WHEN IFAIL=1s CONTROL WILL SHIFT TO STATEMENT 360 WHICH
LEADS TO THE INCREMENTATION OF ITER AND RESETTING
IFAIL=0 = A SECOND, THIRDs FOURTH,,,sNTH.s, ITERATION
WHERE ALL THE PROCESSES WILL BE CALCULATED WILL FOLLOW

= EVENTUALLY TwO COMPLETE ITERATIONS WOULD BE CALCULATED
WITHOUT IFAIL BEING SET EQUAL TO 1 BY STATEMENT 710 =
CONTROL WILL THEN SHIFT TO STATEMENT 760 FOR THE
HEGINNING OF A NORMAL TERMINATION OF THE DESIGN CASE

410 IF (IFAIL) 760,760,360

EXE21700
EXE21800
EXE21900
EXE22000
EXE22100
EXE22200
EXE22300
EXE22400
EXE22500
EXE22600
EXE22700
EXE22800
EXE22900
EXE23000
EXE23100
EXE23200
ExE23300
EXE23400
EXE23500
EXE23600
EXE23700
EXE23800
EXE23900
EXE24000
EXE24100
EXE24200
EXE24300
EXE24400
EXE24500
EXE24600

420 GO TO (430,440,450, 460,470,4800490,5000510+520+530+5400550+560,570EXE24700

1¢580+590+600+610+620+630+,640,650+1660)¢ IPROC
430 CALL PREL

GO TO 670
440 CALL PRSET

GO TO 670
450 CALL AERFS

IF THE REQUIRED MLASS, BOD5 OR MLSS CAN NOT BE ATTAINED
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460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650

660

670
680

IN THE AERFS SUBROUTINE, IAERF WILL BE RETURNEDO FROM
AERFS WITH A VALUE OF 1 (ONE) = THIS TRANSFER CONTROL
TO STATEMENT 760 WHICH wILL TERMINATE THE DESIGN CASE

IF (lAERF) 670,670¢760
CALL MIX
60 TO 670
CALL sPLIT
G0 TO 670
CALL DIG
GO TO 670
CALL VACF
GO 7O 670
CALL THICK
GO 7O 670
CALL ELUT
60 7O 670
CALL SBEDS
GO 1v 670
CALL TRFS
GO TO o70
CALL CHLOR
GO TO 670
CALL TFLOT
60 7O 70
CALL MHINC
GO TO 670
CALL RwP
GO TO 670
CALL SHT
GO TO 670
CALL CENT
60 TO 670
CALL AEROB
GO YO 670
CALL POSTA
GO TO 670
CALL EQUAL
GO TO 670
CALL DiG2
G0 70 670
CALL LANDD
G0 1O 670
CALL LIME
GO TO 670
CALL RBC

CHECK IF DIFFERENCE BETWEEN LATEST STREAM VALUES,
SMATX(I1,051)s AND PREVIQUS STREAM VALUESe TMATX(1,0S1),
IS LESS THAN THE ALLOABLE ERROR, EPSs IN MG/L = IF NOT,
SET THE ITERATION ERROR TEST PARAMETER IFAIL=1 AND
CONTINUE THE ITERATIVE EFFORT TO REFINE THE STREAM
PARAMETER VALUES = IF LESS THAN OR EQUAL TO ALLOWABLE
ERRORy CHECK THE STREAM PARAMETERS FOR 0S2

DO 680 1=2,20

IF (ABS(SMATX{1,0S1)=-TMATX(1,051)}-EPS) 680,680,710
CONTINUE

IF (0S2) 72007200690

CHECK PARAMETERS FOR 052 - IF GREATER THAN ALLOWABLE
ERROR» SET THE ITERATION ERROR TEST PARAMETER IFAIL=1
AND CONTINUE THE ITERATIVE EFFORT TO REFINE THE STREAM
PARAMETER VALUES = IF LESS THAN OR EGUAL TO ALLOWABLE
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690
700

710
720

730
740
750

760

770

ERRORs REPLACE THE PREVIOUS STREAM VALUES, TMATX, WITH
THE LATEST STREAM VALUES, SMATX

DO 700 I=z2,20

IF (ABS (SMATX(I,052)=TMATX(I1,052))-EPS) 700,700,710
CONTINUE

60 TO 720

IFAIL=1

DO 730 I=1,20
TMATX(I+0S1)SSMATX(I,0S1)
CONTINUE

IF (0S2) 400+4000740

DO 750 I=1,20
TMATX(1+052)=SMATX(1+052)
CONTINUE

GU TU 400

CALL ENGY

CALL CoST

CALL PRINT

CONTINUE

END
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SECTION 2

PRELIMINARY TREATMENT, PREL
Subroutine Identification Number 1

Preliminary Treatment, PREL

1. Process symbol,

Rev. Date 8/1/77

IS1: Liquid input stream
LSl N ﬂ_._ 0S1: Liquid output stream
N: User assigned number
to the process
2. Input parameters and nominal values.
DMATX(1,N) = IPREL Program control number: 0 = grit removal and flow

measurement; 1 = grit removal and flow measurement

and screening. [ 1. ]

DMATX (16,N) = ECF Excess capacity factor for the process.

3. Output parameters which are printed on computer output sheets.

IPREL = DMATX(1,N)
CCOST = Capital cost,(dollars).
COSTO = Operating and maintenance cost,(cents/1000 gal).
ACOST = Amortization cost, (cents/1000 gal).
TCOST = Total treatment cost (cents/1000 gal) .
ECF = Excess capacity factor.

4, Theory and functions - FORTRAN statement followed by equivalent algebraic equationm.

SMATX (I,0581) = SMATX(I,IS1)

SMATX(I,0S1) = SMATX(I,IS1) [mg/1]

PRE02400

1 = 2,20 Q,SOC,SNBC,SON, SOP,SFM,SBOD,VSS,TSS,DOC,DNBC,DN,DP ,DFN, ALK ,DBOD,NH3 ,NO3
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1800
IPREL = DMATX(1,N) PREO

IPREL = DMATX(1,N)
References: Smith, 1969

Patterson and Banker, 1971

5. Cost functions.
a. Capital cost

Function of Qpg)*ECF

X = ALOG(SMATX(2,1S1)*DMATX(16,N)) PREQ3000

X = 1n(Qpg *ECF)
(1) For preliminary treatment consisting of grit removal and flow measurement

CCOST(N,1) = EXP(2.566569+.619151*X)*1000. PRE03700

CCOST = 1000e2:566569+0.619151X [dollars]

(2) For preliminary treatment consisting of grit removal, flow measurement and
screening

CCOST(N,1) EXP(3.259716 +.619151*X)*1000. PRE04500

CCOST = 1000e3:259716+.619151%X [dollars]

b. Operating manhours, maintenance manhours, and materials/supplies costs

Function of Q11

X = ALOG(SMATX(2,IS1)) PRE05100

X = 1n(Qrg1)
(1) Operating manhours

OHRS = EXP(6.398716+.230956%X+.164959%X*%2,—,014601%X**3.) PRE05700

OHRS = eb-398716+.230956%%X+.164959%X2~,014601%X3 [hrs/ye]

(2) Maintenance manhours

XMHRS = EXP(5.846098+.206513%X+,068842%X**2+,023824%X**3, -, 004410%X**4 ,) PRE0O5800

3 4
= &5. +. *X+, *x24, *Xo-—. *
XMHRS = e° 846098+.206513*%X+.068842%X“+,023824*X 004410*X [hrs/yr]
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(3) Total materials and supplies
TMSU = EXP(7.235657+.399935*X~,224979*X**2 ,+,110099%X**3,~,011026*X**4.) PRE06000

*¥— *y2 *3— *4
TMSU = e”-235657+.399935%X-.224979%X+.110099*X°~.011026*X [$/yr]

c. Total operating and maintenance costs

COSTO(N,1) = ((OHRS+XMHRS)*DHR* (1.+PCT)+TMSU*WPI)/SMATX(2,1)/3650, PRE06600

COSTO = (OHRS+XMHRS) *DHR* ( 1 4+PCT)+TMSU*WPI
Qplant Inf.* 3650

[cents/1000 gall

Cost curves, Patterson and Banker pages 35,36,85,86
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PRELIMINARY TREATMENT
PROCESS IDENTIFICATION NUMBER 1

SUBROUTINE PREL

COMMON INITIAL STATEMENTS

INTEGER 051,052

PRE00100
PRE00200
PREQO300
PREOO400
PRE00S500
PREO0600
PREDD700
PRED080O
PRE00O900
PREQ1000

COMMON SMATX(Z0+30) s TMATX(20+¢30) +DMATX(20,20) rOMATX(20+20) ¢ IP(20)+PREO1100
1INPrIUIIS1+1S2¢0S1r0SceN? IAERF+CCOST(2005)C0ST0(20+5) v ACOST(20+5)PREOL1200

2¢TCOST(20+5) rLHRIPCTrwP1rCLAND»DLANDFLOW(25) +POW(25) » TKWHD (25)

ASSIGNMENT OF DESIGN VALUES TO PROCESS PARAMETERS

IPREL=DMATX (1¢N)

EFFLUENT STREAM CALCULATIONS
DO 10 I=2.20
10 SMATX(I+051)=SMATX(I+1S1)
CALC. OF CAPITAL COSTS BASED ON DESIGN PLUS EXCESS
CAPACITY
XZALOG(SMATX(2,1S1) «DMATX(16¢N))
IF (IPREL} 30+20+30
CALC. OF CAPITAL COSTS FOR PRELIMINARY FACILITY
CONSISTING OF GRIT REMOVAL AND FLOW MEASUREMENT
20 CCOSTINPLIZEXP(2.566509++.619151*X)%1000.
60 7O 40

CALC. OF CAPITAL COSTS FOR PRELIMINARY FACILITY

CONSISTING OF GRIT REMOVAL AND FLOW MEASUREMENT AND

SCREENING

30 CCOSTINr1)=EXP(3+259716++619151%X)%1000,

CALC. OF OPERATING COSTS BASED ON DESIGN CAPACITY ALONE.

DOES NOT INCLUDE EXCESS CAPACITY
40 X=ALOG(SMATX(2¢,151))
CALC.OF OPERATING MANHOURS: MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES

OHRSZEXP(6+398716++230956%X+,164959%X4%2 4= 14601 4X4%3,)

PRE01300
PREC1400
PREQ1500
PREO1600
PREG1700
PRED1800
PRE0O1900
PREO2000
PREO2100
PRE02200
PRE02300
PREQ2400
PRE02500
PRE02600
PRE02700
PREQ2800
PRE02900
PREO03000
PRE03100
PRE03200
PRE03300
PREO3400
PREO03500
PRED3600
PREO3700
PRED3800
PREO3900
PREO4000
PREO4100
PREO4200
PREO4300
PREO4400
PREO4500
PREO4600
PREQG4700
PREC4800
PREO4900
PREOS000
PRE0S100
PRE05200
PREOS300
PREOS400
PRE0OS5500
PREO05600
PREOS5700

XMHRS:EXP(5.846098+.206513*X*.O688“2*X**2.+.023824*X*‘3.-.OOQQIO*XPREOSSOO
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o0 0000

1*2y4,) PRE05900
TMSUSEXP (742356574 3999354X=,224979#X5%2¢4.110099+X5*3,~,011026%X*PREQ6000

1%4,) PRE06100
PRED6200

PRE06300

OPERATING COST EQUATION PREO6400

PRE06500

COSTO(N+»1)S((OHRS+XMHRS) #*DHR* (1 4 +PCT)}+TMSU*WPL) /SMATX(2+1)/3650. PRE06600

PRE06700

PRE06800

PROCESS ENERGY INDICES PRE06900

PREQOTO000

FLOW(N)=SMATX(2,1I51) PREO7100

POW(N)=1. PRE07200

RETURN PRED7300

END PREOT400
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SECTION 3

PRIMARY SEDIMENTATION, PRSET

Subroutine Identification Number 2

Rev. Date 8/1/77
Primary Sedimentation, PRSET

1. Process symbol.

IS1: Liquid input stream
0S1
—Ig_l_’- N > 0S1: Liquid output stream
0S2: Sludge output stream
N: User assigned number to
0s2 ]Sludge) the process

2. Input parameters and nominal values.

DMATX(1,N) = FRPS Fraction of solids entering the primary settler which
is removed from the main stream and sent on to the
sludge handling process, fraction. [.5]

DMATX(2,N) = URPS Ratio of solids concentration in 0S2 from the primary
settler to the solids concentration in IS1 to the
primary settler. [400.]

DMATX(3,N) = HPWK Hours per week that the primary sludge pumps are
operated, hr/wk. [14.]

DMATX(15,N) = ECF Excess capacity factor for primary sludge pumps. [1.]

DMATX(16,N) = ECF Excess capacity factor for primary settler basin. [1.2]

3. Output Parameters which are printed on computer output sheets.

FRPS = DMATX(1,N)

URPS = DMATX(2,N)

HPWK = DMATX(3,N)

GPS = OMATX(1,N) Overflow rate for the primary settler, [gpd/sq/ft].
APS = OMATX(2,N) Surface area of the primary settler, [sq £ft/1000].
PGPM = OMATX(3,N) Firm pumping capacity of the primary sludge pumps, [gpm],
CCOST Capital cost, [dollars] .

COSTO Operating and maintenance costs, {cents/1000 gall.
ACOST Amortization cost, [cents/1000 gal].

TCOST Total treatment cost, [cents/1000 gal].

ECF Excess capacity factor.
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4.

Theory and function - FORTRAN statement followed by equivalent algebraic equation.

HPWK = DMATX(3,N)

HPWK = DMATX(3,N)  [hr/wk]

SMATX(2,0S2) = DMATX(1,N)*SMATX(2,1S1)/DMATX(2,N)

FRPS*Qrgy [MeD]
URPS

Qs2 =
SMATX(2,0S1) = SMATX(2,IS1)-SMATX(2,052)

Qos1 = Qrs1 - Qosz  LM60]

TEMP1 = (1.-DMATX(1,N) )*SMATX(2,IS1)/SMATX(2,0S1)
(1.0-FRPS)*Q1g;
Qos1

TEMP1 = [no units]

TEMP2 = DMATX(1,N)*SMATX(2,IS1)/SMATX(2,052)

FRPS*Qry

TEMP2 =-, [no units]

0S2

SMATX(I1,0S81) = TEMP1*SMATX(I,IS1)

SMATX(I,0S1) = TEMP1*SMATX(I,IS1) [mg/1]

where I = 3,10 i.e. SOC,SNBC,SON,SOP,SFM,SBOD,VSS,TSS

SMATX(I,082) = TEMP2*SMATX(I,IS1)
SMATX(I,0S82) = TEMP2*SMATX(I,IS1) [mg/1]

where I = 3,10

SMATX (I,0S82) = SMATX(I,IS1)

SMATX(I,082) = SMATX(I,IS1) [mg/1]

where I = 11,20 1.e. DOC,DNBC,DN,DP,DFM,ALK,DBOD,NH3,N03

SMATX(I,081) = SMATX(I,0S2)
SMATX (I,081) = SMATX(I,052) [mg/1]

where I = 11,20
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GPS = =~2780.*ALOG(DMATX(1,N))-551.7 PRS04300

2
GPS = -(2780%1n FRPS)-551.7  [gpd/ft ]

APS = SMATX(2,IS1) *1000./GPS*DMATX(16,N) PRS04400
Q. ., *1000ECF
ISl
aps = o [ooose?
PGPM = SMATX(2,052)*116666.7 /HPWK*DMATX (15,N) PR504200
QOSZ*116666.7*ECF
PGPM = TR Epm]
Reference: Smith, 1969
Smith and Eilers, 1975
Patterson and Banker, 1971
Cost Functions.
a. Settler
(1) Capital cost for the settler
Function of APS
X = ALOG (APS) PRS05000

X = 1n APS
CCOST(N,1) = EXP(3.716354+.389861*X+,084560%X**2 ,~,004718*X**3,)*1000. PRS05100

3.716354+0.389861X+0. 084560X2-0.,004718X3

CCOST = 1000e [dollars]

(2) Operating manhours, maintenance manhours and materials/supplies costg

Function of APS/ECF

X = ALOG(APS/DMATX(16,N)) PRS05900
_ . APS
X =1n ECF

(a) Operating manhours
OHRS = EXP(5.846565+.254813%X+,113703*%X**2,~,010942*X%*3,) PRS06500

5.846565+0,254813%X+0. -0.
OHRS = e 4813%+0.113703X -0,010942X [hrs/yr]
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(b) Maintenance manhours
XMHRS = EXP(5.273419+.228329*X+.122646%X**2 ,-,011672*X**3,) PRS06600

e5.273419+0.228329x+0.122646X2-0.011672X3

XMHRS = [(hrs/yr]
(¢) Total materials and supplies
TMSU = EXP(5.669881+,750799*X) PRS06700
TMSU = e5.669881+O.750799X [$/yr]

(3) Total operating and maintenance costs
COSTO(N,1) = ( (OHRS+XMHRS)*DHR* (1,+PCT)+TMSU*WPI)/SMATX(2,1)/3650. PRS507200

{ (OHRS+XMHRS)DHR (1+PCT) J+(TMSU*WPI)
*3650

COSTO =

[cents/1000 gall
QPlant Inf,

b. Sludge pumps
(1) Capital cost for sludge pumps
Function of PGPM
X = ALOG(PGPM) PRS07800

X = 1In (PGPM)

CCOST(N,2) = EXP(2.237330+.207628%X+.026479%X**2,)*1000. PRS07900

2.237330+0.207628X+0.026479X2

CCOST = 1000e [dol1ars]

(2) Operating manhours, maintenance manhours and materials/supplies costs
Function of PGPM/ECF
X = ALOG(PGPM/DMATX(15,N)) PRS08500

PGPM
X = logop

(a) Operating manhours

OHRS = EXP(4.945155+,419391*%X) PRS09100
OHRS = 4+945155+0.419301X [,
(b) Maintenance manhours
XMHRS = EXP(3.993365+.444966%*X) PRS09200
XMHRS = e3.993365+0.444966X [hrs/yr]
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(c) Total materials and supplies
TMSU = EXP (4.433129+.642272+X) PRS09300

TMSU = of+43312940.642272K [0, 1

(3) Total operating and maintenance costs
COSTO(N,2) = ((OHRS+XMHRS)*DHR*(1.+PCT)+TMSU*WPI)/SMATX(2,1)/3650. PRS09800

[ (OHRS+XMHRS)DHR (1+PCT) ] (TMSU*WPI)
Q *3650
Plant Inf.

COSTO = [cents/1000gal]
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PRS00100

PRIMARY SEDIMENTATION PRS00200

PROCESS IDENTIFICATION NUMBER 2 PRS00300
PRS500400

SUBROUTINE PRSET PRS00500
PRS00600

PRS00700

COMMON INITIAL STATEMENTS PRS00800
PRS00900

INTEGER 051+082 PRS01000

COMMON SMATX(20¢30) » TMATX(20¢30) +DMATX(20+20) ¢+ OMATX(20020) ¢ IP(20)+PRS01100
1INP»10OrIS10I520051¢0S2¢N? IAERF»CCOST(2005)9C0STO(2005)»ACOST{20¢5)PRS01200
2¢TCOST(20+5) v UHR'PCT o WPI»CLAND ¢ DLANDYFLOW(25) ¢ POW(25) ¢ TKWHD (25} PRS01300

PRS01400

PRS01500

ASSIGNMENT OF DESIGN VALUES TO PROCESS PARAMETERS PRS01600
PRS01700

HPWK=UMATX(37N) PRS01800
PRS01900

PRS502000

PROCESS RELATIONSHIPS REQL. TO CALC. EFFLUENT STREAM PRSU2100
CHARACTERISTICS PRS02200
PRS02300

SMATX(29052) SUMATX (12 iN) *SMATX (2,151 ) 7DMATX(29N) PRS02400
SMATX(2+,051)=SMATX(29151)~-SMATX(2,052) PRS02500
TEMP1=(1+~DMATX(1+/N))*SMATX(2+151)/SMATX(22051) PRS02600
TEMP2=DMATX{1/N) *SMATX(2+IS51)/SMATX(2+052) PRS02700
PRS02800

PRS02900

EFFLUENT STREAM CALCULATIONS PRS03000
PRS03100

DO 10 I=3,10 PRS03200
SMATX(],051)=TEMP1*SMATX(1»IS1) PRS03300
10 SMATX{1,052)=TEMP2*SMATX(]»IS1) PRS03400
D0 20 1=11.20 PRS03500
SMATX(I,052)=SMATX(Ir1IS]) PRS03600
20 SMATX(I,051)=SMATX(1+052) PRS03700
PRS03800

PRS03900

CALC. OF OUTPUT SIZES AND QUANTITIES PRSO4000
PRS04100

PGPM=S5MATX (29r0S2)%116066+7/HPWK*DMATX(15¢N) PRS064200
6P5==¢780.*ALOG(DMATX(1¢N))=551.7 PRS04300
APS=SMATX(2+151)%1000./GPS*DMATX (16N} PRS04400
PRS04500

PRS04600

CALC. OF CAPITAL COSTS FOR PRIMARY SETTLER BASIN BASED PRSO4700

On DESIGN PLUS EXCESS CAPACITY PRS04800
PRS04900

X=ALOG(APS) PRS05000
CCOSTINsLIZEXP(34716354+.389861%X+,084560%Xx%2.=40047184X*%3,)*100PRS05100
10. PRS05200
PRS05300

PRS05400

CALC. OF OPERATING COSTS FOR PRIMARY SETTLER BASIN BASED PRS05500

ON DESIGN CAPACITY ALONEr DOES NOT INCLUDE EXCESS PRS05600
CAPACITY PRS05700
PRS05800
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X=ALOG (APS/OMATX(16¢N) )
CALC. OF OPERATING MANHOURSes MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES
OHRSTELXP (5.846565+,254813%X+4113703X2%2,=4010942xX%%3,)
XMHRSZEXP(5,273419+4,228329%X+,122646%X**2,~,011672%X*%3,)
TMSUZEXP(5.669881+4,750799%X)
OPERATING COST EQUATION
COSTO(N»1)=( (OHRS+XMHRS) *DHR* (1 4 +PCT) +TMSU*wP1)/SMATX(2,1) /3650,
CALC+ OF CAPITAL COSTS FOR SLUDGE PUMPS BASED ON DESIGN
PLUS EXCESS CAPACITY
X=ALOG (PGPM)
CCOSTINP2)ZEXP(24237330+¢207628%X+,0204795X%%2,)*1000,

CALC+ OF OPERATING COSTS FOR SLUDGE PUMPS BASED ON
DESIGN CAPACITY ALONEr DOES NOT INCLUDE EXCESS CAPACITY

X=ALOG(PGPM/DMATX(15¢N))
CALC. OF OPERATING MANHOURS® MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES

OHRS=EXP (44945155+.419391%X)

XMHRSZEXP (3.993365+,444966%X)

TMSUZEXP(4.433129+.642272%X)
OPERATING COST EQUATION

COSTO(NP2)Z((OHRS+XMHRS) *OHR* (1 . +PCT} + TMSU*wP1)/SMATX(2¢1) /3650,

ASSIGNMENT OF VALUES TO OMATX

OMATX(1+N)=GPS
OMATX(2/N)=APS
OMATX{3»N)=PGPM

PROCESS ENERGY INDICES
FLOW (W) =SMATX(2,151)
POW(N}=2.

RETURN
END
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PRS09500
PRS09600
PRS09700
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PRS09900
PRS10000
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PRS10300
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PRS10500
PRS10600
PRS10700
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PRS10900
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PRS11100
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SECTION 4

ACTIVATED SLUDGE ~ FINAL SETTLER, AERFS

Subroutine Identification Number 3

Activated Sludge

— Final Settler, AERFS

1. Process Symbol.

Is1

2. Input parameters and nominal values.

e et
052 (Sludge)

DMATX(1,N) = BOD

DMATX (2,N)

DMATX (3,N)

DMATX (4,N)

DMATX (5,N)

DMATX(6,N)

DMATX(7,N)

DMATX (8,N)

DMATX (9,N)

DMATX (10,N)

DMATX(13,N) =

DMATX(14,N)
DMATX(15,N)

DMATX (16,N)

MLSS

DEGC

CAER20

DO

AEFF20

URSS

GSS

=
2

= ECF

= ECF

Rev. Date 8/1/77

IS1: Liquid input stream
0S1l: Liquid output stream
0S2: Sludge output stream

N: User assigned number to the process

Demand concentration of 5-day BOD in the final
effluent from the aeration process, mg/1.[13.]

Total concentration of suspended solids in the
aerator, mg/l mass.[2000.]

Water temperature, degrees Centigrade.[20.]

Rate constant used for sizing the aerator when
the water temperature is 200 C, 1/(hr gm/L)[1.]

Concentration of dissolved oxygen in the aerator,
mg/1 oxygen.[1.]

Efficiency of the air diffusers in the aerator
at zero dissolved oxygen and 20°C.[.05]

Ratio of solids concentration in 0S2 (underflow
stream) from the final settler to the total
solids concentration in the aerator.[3.]

Design overflow rate for the final settler,
gpd/sq £t.[700.]

Pumping head for the sludge return pumps, ft.[30.]

Dose of aluminum added to the aerator, mg/l
aluminum.[0.]

Excess capacity factor for the final settler.[1.2]
Excess capacity factor for the sludge return pumps.[1.]
Excess capacity factor for the air blowers.[1.]

Excess capacity factor for the aeration tanks.[1.2]
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3.

Output parameters which are printed on computer output sheets.

BOD = DMATX(1,N)

MLSS = DMATX(2,N)

DEGC = DMATX(3,N) .

CAER20 = DMATX(4,N)

DO = DMATX(5,N)

AEFF20 = DMATX(6,N)

URSS = DMATX(7,N)

GSS = DMATX(8,N)

HEAD = DMATX(9,N)

ALMD = DMATX(10,N)

BOD2 = OMATX(1,N)

DOSAT = OMATX(2,N)

XRSS = OMATX(3-N)

AFS = OMATX(4,N)

Influent concentration of 5-day BOD to the
aeration process, mg/l.

Saturation value for dissolved oxygen in the
aerator at one-half the water depth, mg/l
oxygen.

Ratio of solids concentration of 0S1 from
the final settler to the total solids
concentration in the aerator.

Surface area of the final settler,
sq £t/1000.
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CAER = OMATX(5,N)
CEDR = OMATX(6,N)
VAER = OMATX(7,N)
VNIT = OMATX(8,N)

MLASS = OMATX(9,N)

MLBSS = OMATX(10,N)

MLNBSS = OMATX(11,N)

MLDSS = OMATX(12,N)

MLISS = OMATX(13,N)

FOOD = OMATX(14,N)

RTURN = OMATX(15,N)

CNIT = OMATX(16,N)

ARCFD = OMATX(17,N)

Rate constant for sizing the aerator corrected
for water temperature, (1/(hr gm/L)).

Rate at which active solids are destroyed by
natural causes in the aerator, fraction of
mass per day.

Volume of the aerator, million galloms.

Volume of the aerator required to achieve
nitrification, million galloms.

XMLAS, concentration of active solids held
in the aerator, mg/l mass.

XMLBS, concentration of unmetabolized bio-
degradable solids held in the aerator, mg/l
mass.

XMLNB, concentration of non-blodegradable
organic solids held in the aerator, mg/l
mass.

XMLDS, concentration of non-biodegradable
solids in the aerator caused by the destruction
of active solids through natural causes, mg/l
mass.

XMLIS, concentration of inert inorganic solids
in the aerator caused by inorganic solids in
the influent stream, mg/l mass.

Synthesis rate of 5-day BOD to active solids
in the aerator each day, mg/l oxygen.

Sludge return ratio for the aerator.

Rate constant for nitrification. (1/day)

Diffused air requirement for the aerator,
scf/day.
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BSIZE = OMATX(18,N) Required size of the blower for supplying to
the aerator, cfm.

CFPGL = OMATX(19,N) Diffused air requirements for the aerator,
scf/gallon of sewage entering the system.

QR = OMATX(20,N) Volume of the return sludge stream, mgd.

CCOST Capital cost,[dollars].

COSTO Operating and maintenance costs,[cents/1000gal]

ACOST Amortization cost,[cents/1000gal].

TCOST Total treatment cost,[cents/1000gal].

ECF Excess capacity factor.

Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

BOD2 = SMATX(8,IS1)+SMATX(17,IS1) AEF02000
BOD2 = SBOD _ +DBOD [mg/1]
181 1s1
DBOD2 = SMATX(17,IS1) AEF02100
DBOD2 = DBOD
151 [mg/1]
CEDR = .18*1.047%*(DMATX(3,N)-28.) AEF02200
CEDR = 0.18(1.047)PEGC-28 1]
Day
CAER = DMATX(4,N)*1,047%*% (DMATX (3,N)-20.) AEF02300
CAER = CAER20[1.047]PEGC-20 1
hr &1
1
SA = DMATX(2,N)/1000. AEF02400
MLSS
SA To00 (gm/1]
TA = (BOD2-DMATX(1,N))/(DMATX(1,N)*CAER*SA*24.) AEF02500
BOD2-BOD
TA = —=2=200 d
BOD*CAER*24%SA [days]
VAER = SMATX(2,IS1)*TA AEF02600
= E3
VAER = Qpg;*TA [M6]
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XRSS = 556.1*DMATX(8,N)**.4942/DMATX(2,N)**1.8165/ (TA*24.)**,4386 AEF02700

0.4942
*
xnss = 226 iczssigs 0.4386 [no units]
[MLss] ™" *[24TAY "
ALD = DMATX(10,N)*.87*SMATX(14,IS1) AEF02800
= *
ALD = 0.87ALMD*DP . [mg/1]
PALS = 1.305*%SMATX(14,IS1)+3.*ALD AEF03000
PALS = 1.305DP__ +3ALD [mg/1]
1S1
ASMAX = DMATX(1,N)/XRSS/.685 AEF03300
ASMAX = — BOD [mg/1]
0.685XRSS
XMLAS = (ASMAX+ASMIN) /2. AEF03800
XMLAS = ASMAX+2SMIN [mg/1]
FOOD = SMATX(8,IS1)+DBOD2 AEF03900
FOOD = SBOD;g,+DBOD2 (mg/1]
FMAX = FOOD AEF04000
FMAX = SBOD_ . +DBOD2 [mg/1]
ERROR = FMAX-FMIN AEF04300
ERROR = FMAX-FMIN [mg/1]
FOOD = (FMAX+FMIN)/2. AEF04500
FOOD = .FMAX'*_’;MIN__ [mg/1]
DBOD4 = SMATX(17,IS1)-FOOD AEF04700
DBOD4 = DBOD, . ~FOOD [mg/1]
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SBOD4 = SMATX(8,IS1)

SBOD4 = SBODISI

SBOD4 = (SMATX(8,IS1)+SMATX(17,IS1)-FOOD;*.7

. +] -FOOD
SBOD4 O 7(snonISl DBODISl )

DBOD4 = .233*%SBOD4

DBOD4 = 0.233*0.7(SBOD___+DBOD__.-FOOD)

ISl ISl

TEMP1 = .50*FQOD/XMLAS-XRSS

0.50F00D
TEMP)l = —=—— . -XRSS
XMLAS

SMATX(2,052) = (SMATX(2,IS1)*TEMP1-CEDR*VAER)/(DMATX(7,N)-XRSS)

*TEMP1)—-(CEDR*VAER)
URSS-XRSS

(Qrsy

Qs2 =

SMATX(2,081) = SMATX(2,IS1)~-SMATX(2,0S2)

Qs1 = Us17 Qg2

TEMP2 = XRSS*SMATX(2,0S1)+DMATX(7,N)*SMATX(2,0S2)

TEMP2 = (XRSS* *
(XRSS QOSl)+(URSS Qosz)

XMLBS = SMATX(2,IS1)*SBOD4/TEMP2/.8

Q. , *SBOD4
xwps = 181
0.8TEMP2
SMATX(8,081) = (XMLAS*.685+XMLBS*,8)*XRSS

SBODO (0.685XMLAS+0. 8BXMLBS)XRSS

Sl

SMATX(17,0S1) = DBOD4

DBOD =
0s1 DBOD4
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AEF04800
[mg/1]
AEF05000

[mg/1]

AEF05100

(mg/1]

AEF05200

fno units]

AEF05300

~ep]

AEF05400

[MGD]

AEF05700

[MGD]

AEF05800

[mg/1]

AEF05900

[mg/1]

AEF06000

[mg/1]



TBOD5 = SMATX(8,0S1)+SMATX(17,081)

TBOD5 = SBODOSl-i-DBOD051

TBOD5 = XMLAS*XRSS*.685

TBOD5 = 0.685XMLAS*XRSS

FMIN = (CEDR*VAER/SMATX(2,IS1)+XRSS)*XMLAS/.50

MIN = [ CEDRAVAER ..o o7 XMLAS
gy 0.50

FOOD = FMIN

- XMLAS |CEDR*VAER

FOOD = “5==5 e A +XRSS
-3 151

FMAX = FOOD

FMAX = FOOD

FMIN = FOOD

FMIN = FOOD

XMLNB = SMATX(4,IS1)*SMATX(2,IS1)#*2,13/TEMP2

SNB * *2.13
XMLNB = CISJ. QTQl

TEMP2

XMLIS = SMATX(2,IS1)*(SMATX(7,IS1)+PALS)/TEMP2

QISl(SFMISI+PALS)

TEMP2

XMLIS =

XMLDS = .12*SMATX(2,IS1)*FOOD/TEMP2-.185*XMLAS

0.12 *FOOD
QISl

XMLDS = - 0.185XMLAS

TEMP2

TEMP3 = XMLAS+XMLBS+XMLNB+XMLDS+XMLIS

TEMP3 = XMLAS+XMLBS+XMLNB+XMLDS+XMLIS
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AEF06100

[mg/1]

AEF06300
[mg/1]
AEF06600

[mg/1]

AEF06700
[mg/1]

AEF07300
(mg/1]

AEF08000

(mg/1]
AEF08200

(mg/1]

AEF08300

(mg/1]

AEF08400

[mg/1]

AEF08500

[mg/1]



AEF08600
TEMP4 = TEMP3-DMATX(2,N)

TEMP4 = TEMP3-MLSS [mg/1]
AEF09500
ASMIN = XMLAS
ASMIN = XMLAS (mg/1]
AFEF09700
ASMAX = XMLAS
ASMAX = XMLAS [mg/1]
SMATX (3,0S1) = (XMLDS+XMLAS)*XRSS/2.46+(XMLBS+XMLNB)*XRSS/2.33 AEF10300
_ (XMLDS+XMLAS)XRSS , (XMLBS+XMLNB)XRSS
S0Cos1 = 2.46 2.33 (mg/1]
SMATX(4,081) = XMLNB*XRSS/2.33+(XMLDS+.185*XMLAS)*XRSS/2.46 AEF10400
XMLNB*XRSS , (XMLDS+0.185XMLAS)XRSS
B =
SNBCis1 2.33 T 2.46 [mg/1]
TEMP5 = XRSS*XMLAS/2.46 AEF10500
XRSS*XMLAS
EMP5 = &057allAs
TEMES 2.46 [mg/1]
SMATX(5,0S1) = .234*TEMP5+(SMATX(3,0S1)-TEMP5)/10. AEF10600
S0C ~TEMPS
SONyg; = 0.234TEMPS+ —0 [mg/1]
SMATX(6,0S1) = SMATX(3,051)#.01 AEF10700
SOPOSl = O.OlSOCOSl [mg/l]
SMATX(7,051) = XMLIS*XRSS AEF10800
SFM <) = XMLIS*XRSS [mg/1]
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SMATX(9,0S1) = SMATX(3,051)*2,38 AEF10900

vss
SMATX(10,0S1) = SMATX(7,0S1)+SMATX(9,0S1) AFF11000
TSS =
os1 = SPMyg +USS o) [mg/1]
SMATX(I,052) = SMATX(I,0S1)*DMATX(7,N)/XRSS AEF11200
SMATX (T, 0S1) *URSS
SMATX (I = :
where I = 3,10 1.e. SOC,SNBC,SON,SOP,SFM,SBOD,VSS,TSS
SMATX(11,0581) = SMATX(12,IS1)+DBOD4/1.87 AEF11300
poc DBOD4 (mg/1]

0s1 ~ DNBC+ .87

SMATX(12,0S1) = SMATX(12,IS1) AEF11400

D = |
NBC081 DNBCISl [mg/l]

SMATX(13,051) = (SMATX(2,IS1)*(SMATX(5,IS1)+SMATX(13,IS1))-(SMATX(5,0S1)*SMATX(2,0S1)
+SMATX (5,082) *SMATX (2,082)) ) / (SMATX(2,081)+SMATX(2,0S2))

SON__ H -(SON__ *Q +SON__ *Q ) AEF11500
N = Opsn SN ¥ ) 151 Jos1' - os2 Jos2
051 QrerQ (mg/1]
051770852

SMATX (14,081) = (SMATX(2,IS1)*(SMATX(6,IS1)+SMATX(14,IS1))=(SMATX(6,051)*SMATX(2,0S1)
+SMATX (6,0582) *SMATX(2,052) )) / (SMATX(2,051)+SMATX(2,052))

SOP___H ~(SOP___*Q +SOP * AEF11800
Qg1 (80P 161 1PP g0~ (80P 61 * sy 0s2 Qosz)
DBoy = [mg/1]
Qs1Mg;
SMATX(15,081) = SMATX(15,IS1) AEF12100
DFM__ . = DFM (mg/1]

0s1 IS1
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SMATX (I,0S82) = SMATX(I,0S1) AEF12300
SMATX(I,0582) = SMATX(I,0S1) [mg/1]

where I = 11, 15 i.e. DOC,DNBC,DN,DP,DFM

QR = (SMATX(2,IS1)*(l.~-.50*FOOD/XMLAS)+CEDR*VAER)/(SMATX(7,N)-1.) AEF12400

Q [;. 9:%%§$gg +(CEDR*VAER)
Qr = 151 (mg/1]
URSS-1

RTURN = QR/SMATX(2,IS1) AEF12500

RTURN = _Q_.Q R [no units]

151
X4X3 = (1.4+RTURN)/RTURN/SMATX(7,N) AEF12600
1+RTURN
X4x3 = RN
RTURNURSS (oo units]
DN3 = SMATX(13,IS1)/(1.4RTURN) AEF12700
DN
151
3 = ——
1+RTURN [mg/1]
X3Y = DN3*.99/(X4X3-1.) AEF12800
_ 0.99DN3

X3Y = S [mg/1]
CNIT = .18*EXP(.116*(DMATX(3,N)~-15.)) AEF12900

ONIT 0,180 116(DEGC-15) [1/days]
TTAN = (1.+RTURN)%ALOG(X4X3)+4.605/ (DN3+X3Y)) /CNIT AFF13300

TTAN = (1+RTURN) *1n X4X3+__4.605

( ) (DN3+X3Y)CNIT [days]
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VNIT = SMATX(2,IS1)*TTAN

VNIT = *
QISl TTAN

SMATX(16,051) = SMATX(16,IS1)+3.57*(SMATX(13,0S1)-SMATX(13,1S1))

ALK051 = ALKISl+3.57(DN

SMATX(16,0S1) = SMATX(16,IS1)

ALK = ALK
051 AL 181

SMATX(16,0S2) = SMATX(16,0S1)

AlKos2 = AlKgsy

SMATX(17,0S2) = SMATX(17,0S1)

DBOD = DBODOS

0s2 1

SMATX (18,0S1) = SMATX(18,IS1)
NH3 = NH3
0s1 Is1
SMATX(18,052) = SMATX(18,IS1)

NH3 = NH3
052 Isl

SMATX(19,051) = SMATX(19,IS1)

NO3 = NO3
1

0s1 Sl

SMATX(19,052) = SMATX(19,IS1)

NO3 = NO3
0s2 Is1

051 PNzs1)
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AEF13400

MG

AFF13600

[mg/1]

AEF13800

[mg/1]

AEF13900
(mg/1]

AEF14000

[mg/1]

AEF14100

[mg/1]

AEF14200

[mg/1]

AEF14300

[mg/1]

AEF14400
[mg/1]



SMATX(20,0S1) = SMATX(20,IS1) AEF14500

For future parameter [mg/1]
SMATX (20,0S2) = SMATX(20,IS1) AEF14600
For future parameter (mg/1]

DOSAT = (14.16-.3943*DMATX(3,N)+.007714*DMATX (3,N)**2.-,0000646*DMATX (3,N) **3)*1.221

3
DOSAT = 1.221(14.16-0.3943DEGC+0.007714DEGC2-0.0000646DEGC™) [mg/1]  AEF15100

AEFF = DMATX(6,N)* (DOSAT-DMATX (5,N) }*1.02%* (DMATX (3,N)-20.)/DOSAT AEF15300
DEGC-20
AEFF = _AEFF20%(DOSAT-D0)*[1.02]
TN (no units]
WFOOD = SMATX(2,IS1)*FOOD*8.33 AEF15400
WFOOD = 8.33QISI*FOOD [1b/day]

WAS = XMLAS*VAER*8.33

' AEF15500
WAS = 8.33XMLAS*VAER (1b/day]
ARCFD = (.577*WFOOD+1.16*CEDR*WAS) /AEFF/.232/.075 AEF15600
saceo - QETTEORL Jenscens) eo
WDN = (SMATX(2,0S1)*SMATX(13,0S1)+SMATX(2,082)*SMATX(13,052))*8.33 AEF15700
WDN = 8.33((Q031*DN051)+(QOSZ*DNOSZ)) [1b/day]
ARCFD = ARCFD+4.6*WDN/AEFF/.232/.075 AEF15900
ARCFD = ARCFD+ -§f§§§§55515.75 [£t3/day]
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BSIZE = DMATX(15,N)*ARCFD/1440. AEF16000

ECF, *ARCFD
BSIZE = —2 £
1440 (cfm]
CFPGL = ARCFD/1000000./SMATX(2,IS1) AEF16100
ARCFD ft3a1r
CFPGL = 22— _
1000000Q [gaI sewage]
1s1
VAER = VAER*DMATX(16,N) AEF16200
VAER = VAERXECF_ [gall
QR = QR*DMATX(14,N) AEF16300
QR = QR*ECFP [MeD]
AFS = SMATX(2,051)*1000./DMATX(8,N)*DMATX(13,N) AEF16400
1000 Qo *ECF 2
- Sl s ft
AFS = {7000

Pump efficiency - Current values used in program; each can be changed by the replacement
on punched card.

PEFF = 0.70 For QR<1.44MGD AEF23800

PEFF = 0.74 For QR<10.08MGD AEF24100

PEFF = 0.83 For Q&;10.08MGD AEF24300
References:

Smith, 1969
Patterson and Banker, 1971
5. Cost Functions.
Aerator
a. Capital cost

Function of VAER

X = ALOG(VAER*1000./7.48) AEF17000
- 1000VAER
X = ln =



CCOST(N,1) = EXP(2.414380+.175682*X+.084742%X*%2,~.002670%X**3,)*1000. AEF17100

2
+0. -0.002670X
CCOST = l000e2.414380+0.175682x 084742X 00

[dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs

(1) oOperating manhours AEF17800
OHRS = 0 [hrs/yr]
(2) Maintenance manhours AEF17900
XMHRS = 0 [hrs/yr]
(3) Total materials and supplies AEF18000
T™SU = 0 [dollars/yr]
c. Total operating and maintenance costs AEF18100
COSTO(N,1) = 0 [cents/1000gall
Blower
a. Capital cost
Function of BSIZE
X = ALOG(BSIZE/1000.) AEF18700
in BSIZE
1000
CCOST(N,2) = EXP(4.145454+.633339%X+,031939%X**2,~,002419*X*%3,)*1000. AEF18800
2 3 )
CCOST = 1oooeA.145454+O.633339X+0.031939X -0.002419X [@ollars]
b. Operating manhours, maintenance manhours and materials/supplies costs
Function of BSIZE/ECFb
X = ALOG(BSIZE/1000./DMATX(15,N)) AEF19500

BSIZE

X=1In 1000ECF,,
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(1) Operating manhours

OHRS = EXP(6.900586+.323725*%X+.059093*%X**2 .~ 004926*X**3.)

OHRS =

(2) Maintenance manhours

e6.900586+o.323725x+o.059093x2-o.oo4926x3

AEF20100
[hrs/yx]

AEF20200

XMHRS = EXP(6.169937+.294853%X+,175999X%*2.~,040947*X**3.+.003300%X**4,)

XMHRS = e

(3) Blower horsepower

HP = BSIZE/DMATX(15,N)*8.1%144./(33000.%.8)

_ BSIZE*8.1*144
ECF, ¥33000%0.8

(4) Blower kilowatts
XKW = ,8*HP

XKW = BSIZE*8.1*144

33000ECFb

(5) Blower kilowatt years

XKWPY = XKWk24.%365.

XKWPY = 24XKW*365

(6) Energy cost
ECOST = XKWPY*DMATX(10,20)

ECOST = XKWPY*CKWH

(7) Service cost

SCOST = EXP(.621382+.482047%X)*1000.

SCOST = l00020.621382+0.482047X
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6.169937+0. 294853X+0. 175999X2-0.040947X3+0.003300x* [hrs/yr]

AEF20400

[horsepower]

AEF20500

[kilowatts]

AEF20600

{kw hr/yr]

AEF20700

[dollars/yr]

AEF20800

[dollars/yr]



c. Total operating and maintenance costs AEF21300

COSTO(N,2) = ( (OHRS+XMHRS ) *DHR* (1 .+PCT)+SCOST*WPI+ECOST) /SMATX (2,1)/3650.

(omS+MS)Dm(1+PCT>+(i§2§g*WPI)+ECOST [cents/1000gal]
QPlant Inf.

COSTO =

Sludge pumps

a. Capital cost

Function QR

X = ALOG(QR) AEF22000

X = In QR

CCOST(N,3) = EXP(3.481553+.377485%X+.093349*X**2,-,006222%X**3,)*1000. AEF22100

3

3.481553+O.377485X+0.093349X2-0.006222X [dollars]

CCOST = 1000e

b. Operating manhours, maintenance manhours and materials/supplies costs

Function of QR/ECFp

X = ALOG(QR/DMATX(14,N)) AEF22800
= 1n R__
X In ECFP

(1) Operating manhours

OHRS = EXP(6.097269+.253066%X~.193659%X*%2 ,+,078201#X**3 .~ ,006680%X**/ ) AEF23400

OHRS = ob-097269+0.253066X-0.193659X%+0.078201X-0.006680X"  [hrs/yr]
(2) Maintenance manhours
XMHRS EXP(5.911541-,013158%X+.076643*X**2,) AEF23600
2
XUHRS = o 911541-0.013158X+0.076643X {hrs/yr]
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(3) Kilowatt hrs per year
YRKW = QR*1000000.*HEAD/1440./3960./PEFF/.9*.7457%24,%365.

1000000QR*HEAD*0Q,7457%24%365
1440%3960PEFF*0.9

YRKW =

(4) Energy cost
ECOST = YRKWADMATX(10,20)

ECOST = YRKW*CKWH

(5) Service cost
SCOST = EXP(5.851743+.301610%X+.197183*X**2 - ,017962%X**3,)
3

2
SCOST = e5.851743+0.301610X+0.197183X -0.017962X

(6) Total materials and supplies
TMSU = ECOST+SCOST*WPIL

TMSU = ECOST+(SCOST*WPI)

c. Total operating and maintenance costs

COSTO(N,3) = ((OHRS+XMHRS)*DHR* (1.+PCT)+TMSU)/SMATX(2,1)/3650.

(OHRS+XMHRS ) DHR (1+PCT)+IMSU

COSTO =
Plant Inf.*3650

Final settling tank

a. Capital cost
Function of AFS
X = ALOG(AFS)

X = 1n AFS

AEF24400

(kw hr/yr]

AEF24500

[dollars/yr]

AEF24600

[dollars/yr]

AEF24700

[dollars/yr]

AEF25200

[cents/1000gal]

AEF25800

CCOST(N,4) = EXP(3.716354+.389861*X+.084560*X**2,-004718*X**3,)*1000. AEF25900

2 3
CCOST = 1000e3.716354+O.389861X+O.084560X -0.004718X
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b. Operating manhours, maintenance manhours and materials/supplies costs
Function of AFS/ECFs

X = ALOG(AFS/DMATX(13,N)) AEF26600

X = 1n AFS
ECFg

(1) Operating manhours
OHRS = EXP(5.B46565+,254B13%X+.113703%X*%2, —,010942%X*%3.) AEF27200

OHRS = o5+846565+0.254813K+0.113703k%-0.010942X> (hrs/yr]

(2) Maintenance manhours

XMHRS = EXP(5.273419+4.228329*%X+.122646*%X**2,~,011672*X**3,) AEF27300
2 3
XMHRS = e5.273419+0.228329X+0.122646X -0.011672X [hrs/yr]
(3) Total materials and supplies
TMSU = EXP(5.669881+.750799*X) AEF27400
_ .5.669881+0.750799X
TMSU = e [dollars/yr]
c. Total operating and maintenance costs
COSTO(N,4) = ((OHRS+XMHRS)*DHR*(l.+PCT)+TMSU*WPI)/SMATX(Z,l)/3650. AEF27900
_ (OHRS+XMHRS)DHR (14+PCT )+ (TMSU*WPI
COSTO = )DHR (1+PCT)+( ) [cents/1000gal]
Q #3650
Plant Inf.
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ACTIVATED SLUUGE = FINAL SETTLER
PROCESS IDENTIFICATION NUMBER 3

SUBROUTINE AEKFS

COMMON INITIAL STATEMENTS

INTEGER 0510052

AEF00100
AEF00200
AEF00300
AEF00400
AEF00500
AEF00600
AEF00700
AEF00800
AEF00900
AEF01000

COMMON SMATX(20¢30) » TMATX(20+30) +DMATX(20+20) »OMATX(20+»20)+IP(20) rAEF01100
1INP»JDeIS1eIScr0S170SceN? IAERF»CCOST(20¢5) v 0OSTO(20+51+ACOST(20+5)AEF01200

22TCOST(20+5) tUHR*PCT+WPI»CLAND/DLAND FLOW(25) ¢ POW(25) » TKWHD(25)

PROCESS RELATIONSHIPS REQD. TO CALC. EFFLUENT STREAM
CHARACTERISTICS

HEAD=DOMATX(9¢N)

BOD2=SMATX(8r 1S1)+SMATX(17,151)
DoOpD2=SMATX(17+,1S51)

CLURZ.18%*1.,047*xx (DMATX(3/N)=28,)
CAERZUMATX (4o N) %1 4047 x%x (DMATX(3¢N)=20,)
SASDMATX(2/N) /1000,
TA=(BUD2=UMATX(1?N) )}/ (DMATX(1+N)*CAER*SA%*24,)
VAERZSMATA(2¢1S1)#TA

XRSSZO56¢ L*DMATX (B¢ N) #% 494 2/DMATX (29 N) %*1 s 8165/ (TA*24, ) * %, 4386
ALD=DMATX(10/N) % 87xSMATX (142 1S1)

IF (ALD) 10020010
PALS=1,305%SMATX {14+ IS1)+3.%ALD

G0 TO 30

PALS=U.

ASMAX=DMATX(1+N)/XRS5/.685

ASMIN=0.,

NALR=U

IF (ASMAX=DMATX(2¢N)) S0¢50.40

ASMAX=DMATX (2¢N)

XMLAS= (ASMAX+ASMIN) /2.
FOUD=SMATX (89 151)+DBOD2

FMAX=FO00D

Ni1=1

60U TO 110

ERROR=FMAA=FM]N

IF (EKROR=,1) 240+240¢70

FOOD=(FMAA+FMIN) /2,

IF (FOOD=SMATX(17+1S1)) 90,90:100
DBODU=SMATX(17»1IS1)=-FO0OD

SHOD4=SMATX(8r1IS1)

G0 70 110
SBODY=(SMATX (8¢ IS1)+SMATX(172IS1)=FOOD)*,7
DBODU=,233*5B0D4

TEMP1=.50%xFO0L/XMLAS=XRSS
SMATX(20052)=(SMATX(2¢151)*TEMP1=CEDR*VAER) /7 (UMATX (7¢N) =XRSS)
SMATX(2+:051)=SMATX(2¢1S1)~SMATX(20052)
N1=N1+1

IF (N1=2) 130,130,120
TEMP2=XRSS*SMATX(2:051)+DMATX(7eN) 2SMATX(2¢052)
XMLBS=SMATX (22 1S1)*SBOD4L/TEMP2/ .8
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AEF01300
AEF01400
AEF01500
AEF01600
AEF01700
AEF01800
AEF01S00
AEF02000
AEF02100
AEF02200
AEF02300
AEF02400
AEF02500
AEF02600
AEFQ2700
AEF 02800
AEF 02900
AEF03000
AEF03100
AEF 03200
AEF03300
AEF.03400
AEF03500
AEF 03600
AEF03700
AEF 03800
AEF03900
AEF 04000
AEFO4100
AEF04200
AEFO04300
AEFO4400
AEFO4500
AEFO4600
AEFO4700
AEFQ4800
AEF0O4900
AEF05000
AEF05100
AEF05200
AEF05300
AEF05400
AEF 05500
AEF05600
AEF05700
AEF 05800



[aN eN aN e}

150
140
150
lo0

170
10
190
2u0
210
220
230

240

250
200
270

280
290

300

310

3¢0

SMATX(B8r04%1)=({XMLAS*,685+XMLBS*,8)*XRSS
SMATX(17¢0S11)=DB0OD4
ToODS=SMATX (8,051 ) +SMATX(17,051)

GO TO 140

ToO0US5=XMLAS*XKSS*.685

IF (TeODS~DMATX(1eN)) 150+,150¢200

IF (N1=3) 1600170,190

FMINS (CEDR*VAER/SMATX(201S51) +XRSS) #XMLAS/ « 50
FOOD=FMIN

G0 TO 80

WRITE (10»,180)

FORMAT (///7»10Xs *MLASS DEMAND CANNOT BE ACHIEVED')
IALRF=1

GO TO 470

FMAX=FOO0D

GO TO 60

IF (N1=3) 210+600230

WRITE (10.220)

FORMAT (///+10X»*B0DS DEMAND CANNOT BE ACHIEVED®')
1AERF=1

GO TO 470

FMIN=FOOD

GU TO 60
XMLNB=SMATX (40 IS1)*SMATX(2,1S51)%2,13/TEMP2
XMLIS=SMATX(2»IS1)*x(SMATX(T7»IS1)4+PALS) /TEMPe
XMLDS=.12%SMATX (29 151) «FO0D/TEMP2~,185%XMLAS
TEMP3I=XMLAS+XMLBS+XMLNB+XMLDS+XMLIS
TEMPY=TEMP3=-DMATX(2/N)

NAER=NAER+1

IF (AgS(TMP4)=5.) 310+310,250

IF (25=NALR) <¢60r280,280

WRITE (I0.,270)

FORMAT (///+10Xe "MLSS DEMAND CANNOT BE ACHIEVED®)
IAERF=1

6GU TO 470

IF (TeMP4) 290,290 300

ASMIN=XMLAS

GO TO S0

ASMAX=XMLAS

60 TO 50

EFFLUENT STREAM CALCULATIONS

SMATX(3+051)=(XMLDS+XMLAS) *XRSS/2.46+ (XMLBS+XMLNB) *XRS5/2.33
SMATX(4¢051)=SXMLNB*XRSS/24 334 (XMLDS++185*%XMLAS) #XRSS/2.46

TEMPS=XRSS*XMLAS/2446
SMATX(5,051)=.234%TEMPS5+ (SMATX {3,051 )=TEMP5)/10.
SMATX (69,051 )=SMATX(3¢0S1)%,01

SMATX (70051 ) =XMLIS®XRSS

SMATX (9,051 )=SMATX(3,051)%2,38
SMATX(10920S1)=SMATX(7¢0S1)+SMATX(9,051)

DU 320 1=3,10
SMATX(I¢052)=SMATX(1+0S1)%*DMATX (7N} /XRSS
SMATX(11+,0S1)=SMATX(12,151)+DBOD4/1,87
SMATX(1290S1)=SMATX(12s1IS1)

AEF05900
AEF06000
AEF06100
AEF 06200
AEF 06300
AEFO6400
AEF06500
AEF 06600
AEF06700
AEF06800
AEF06900
AEF07000
AEF07100
AEF07200
AEFG7300
AEF0O7400
AEFO07500
AEF07600
AEF07700
AEF07800
AEF07900
AEF08000
AEF08100
AEF08200
AEF08300
AEF 08400
AEF 08500
AEF08600
AEF08700
AEF08800
AEF 08900
AEF09000
AEF09100
AEF09200
AEF09300
AEF09400
AEF09500
AEF 09600
AEF 09700
AEF 09800
AEF 09900
AEF10000
AEF10100
AEF10200
AEF10300
AEF 10400
AEF10500
AEF10600
AEF10700
AEF10800
AEF10900
AEF11000
AEF11100
AEF11200
AEF11300
AEF11400

SMATX(13r0S1)=(SMATX (2, IS1) *(SMATX(Sr1S1)+SMATX(13,151))~(SMATX(5¢AEF11500

22005210)
SMATX(14¢0S1)2(SMATX(2,IS1) % (SMATX (62 1S1)+SMATX(14+151))=(SMATX{(6+AEF11800
IOSl)ngATK(Z'OSI)*SMATX(ﬁoOSZ)*SMATX(ZvOSZ)))/(SMATX(2'051)+SMATX(AEF11900
22+052))

SMATX(15r0S1)=SMATX(15,]151)

60

1051)*#5MATX(2¢0S1) +SMATX(5,052) *SMATX (29,0S2) ) )/ (SMATX(2+0S1)+SMATX(AEF 11600

AEF11700

AEF12000
AEF12100
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330

340

350
300

370

350
390

400
410

DO 330 I=11.15

SMATX(I+052)=SMATX(1+0S1)

QR=(SMATX (29 I51)%(1,.=e50%F 00D/ XMLAS) +CEDR*VAER) / (UMATX(7¢N)=1,)
RTURN=QR/SMATX(2r151)

X4X3= (1« +RTURN) /RTURN/DMATX(7+N)
DiN3=SMATX(1391S51)/(1.+RTURN)

X3Y=Din3%.99/ (XU4X3~1.)
CNIT=.18% XP(116* (DMATX(39sN)=15.))

IF (X4X3) 34003400350

TTAN=U.

GO TO 360
TTAN=(1.+RTURIN) * (ALOG(X4X3)+4.605/ (DN3+X3Y) ) /CNIT
VNIT=SMATX (291510 *TTAN

IF (VNIT~VAER) 370+37v»380
SMATX(16+051)=SMATX(1lor]1S1)+3.57%(SMATX(13+,0S1)=SMATX(13+1I51))
GO TO 390

SMATX(16+05S1)=SMATX(lorIS1)
SMATX(16r0S2)=SMATX(10/,051)
SMATX(17,US2)=SMATX(17,0S1) \
SMATX(18+0S1)=SMATX(1br151)
SMATX(18+0S2)=SMATX(189,1IS1)
SMATX(1910S1)=SMATX(19,151)
SMATX(19rUS2)=SMATX (19, 151)
SMATX(20°US1)=SMATX(2U,IS1)
SMATX(2000S2)=SMATX (20 1S51)

CALC. OF OUTPUT SIZES AND QUANTITIES

DOSATZ(14,16=¢3943%DMATX(3/N)+,007714%xDMATX (39 N) *%2=,0000646*DMATX
1(3rN)*x3) 1,221

ALFFZUMATX (0rN) * (DOSAT=DMATX(SyN) ) *x1402%* (DMATX(3¢N) =204 )/DOSAT
WFOOD=SMATX(2¢1S1) *FOUD*8433

WASTXMLAS*VAERK*8433

ARCFD=(+577xWFO0D+1,10*CEDR*WAS) /AEFF/.2327.075

WONS (SMATX (20 0S1) *SMATX(13,051) +SMATX(2,052) *SMATX(13+052) ) 28,33

If (VNIT~VAER) 400,400,410
ARCFD=ARCFD+4.6*WON/ALFF/.232/.075
BS1ZEZDMATX(15sN) *ARCFD/1440,
CFPGL=ARCFD/1000000./5MATX(2¢151)
VAER=VAER*DMATX{16¢N)

QK=QR*DMATX (14 ¢N)
AFS=SMATX(2,051) %1000« /DMATX (8¢N) *DMATX (13+N)

CALC. OF CAPITAL COSTS FOR AERATOR BASED ON DESIGN PLUS
ExCESS CAPACITY

X=ALOG(VAELR*1000+/7.48)

AEF12200
AEF12300
AEF12400
AEF12500
AEF12600
AEF12700
AEF 12800
AEF 12900
AEF13000
AEF13100
AEF 13200
AEF13300
AEF13400
AEF13500
AEF13600
AEF13700
AEF13800
AEF 13900
AEF14000
AEF14100
AEF 14200
AEF14300
AEF 14400
AEF 14500
AEF14600
AEF14700
AEF14800
AEF14900
AEF15000
AEF15100
AEF15200
AEF15300
AEF15400
AEF15500
AEF15600
AEF 15700
AEF15800
AEF15900
AEF16000
AEF16100
AEF16200
AEF16300
AEF16400
AEF16500
AEF 16600
AEF16700
AEF 16800
AEF 16900
AEF17000

CCUOSTINILIZEXP (244143504 +175682%X+.084T42*%X#%2,~.002670%X*%3,)*100AEF17100

10.

CALC. OF OPERATING COSTS FOR AERATOR BASEL ON DESIGN
CAPACLTY ALONE» DOES NOT INCLUDE cXCESS CAPACITY

OHRS=0.
XMHRS=0,
TMSU=U.
COSTO(NrLI=0,

CALC. OF CAPITAL COSTS FOR BLOWER BASED ON DESIGN PLUS
EXCESS CAPACITY

61

AEF17200
AEF17300
AEF17400
AEF17500
AEF17600
AEF17700
AEF17800
AEF17900
AEF18000
AEF18100
AEF18200
AEF18300
AEF 18400
AEF18500
AEF18600
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430
440

450
4ol

X=ALOG(BSIZE/1000.)

AEF18700

CCOSTINI2IZEXP (44 145454+,6333395X+,031939%X%%2,=. 002419 X*%3,)*100AEF18800

10,

CALC. OF OPERATING COSTS FOR BLOWER BASED ON DESIGN
CAPACITY ALONE» DOES NOT INCLUDE EXCESS CAPACITY

XZALOG(BS1ZE/1000./DMATX(15¢N) )

CALC. OF OPERATING MANHOURS MAINTENANCE MANHOURS
ELECTRICAL POWER AND SUPPLY COSTS

OHRSZEXP (69005864 :323725%X+.059093%X*%¥2+=, 004926k X#*34)

AEF18900
AEF19000
AEF19100
AEF19200
AEF 19300
AEF15400
AEF19500
AEF19600
AEF19700
AEF19800
AEF19900
AEF20000
AEF20100

XMHRSZEXP (64 169937+,294853% X4+ 175999% X% %2, =, 04094 7xX*%3,+.003300*XAEF20200

1%x4,)
HP=BSIZE/UMATX(15¢N)*8.1%144,./(33000%.8)
XKw=o8*%HP
XKWPYZXKW%24+%365,
ECOST=XKWPY®DMATX(10r20)
SCOST=EXP(.621382+,482047%X)*1000.

OPERATING COST EQUATION

AEF20300
AEF20400
AEF20500
AEF20600
AEF20700
AEF20800
AEF20900
AEF21000
AEF21100
AEF21200

COSTO(Ne2)=( (OHRS+XMHKS) *DHR* (1. +PCT) +SCOST2WPI+ECOST) /SMATX(2,1)/AEF21300

13650,
CALC+ OF CAPITAL COSTS FOR SLUDGE PUMPS BASED ON DESIGN
PLUS EXCESS CAPACITY
X=ALOG(QR)

AEF21400
AEF21500
AEF21600
AEF21700
AEF21800
AEF21900
AEF22000

CCOSTIN?3)IZEXP(3+481553+e377485%X+,093349%X#%2,.~:006222%X*%3,)*100AEF22100

10.

CALC. OF OPERATING COSTS FOR SLUDGE PUMPS BASED ON
DESIGN CAPACITY ALONEr DOES NOT INCLUDE EXCESS CAPACITY
X=ALOG(QR/DMATX (14¢N))

CALC. OF OPERATING MANHOURSe MaINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES

AEF22200
AEF22300
AEF22400
AEF22500
AEF22600
AEF22700
AEF 22800
AEF22900
AEF23000
AEF23100
AEF23200
AEF23300

OHRSZEXP (040972694 .255066%X=0193659%X%%2.+, (78201 #X2*3,~+006680%xX*AEF23400

1%4,)
XMHRSZEXP(5,911541-.013158%X+,076643%X*%2, )

IF (QR=1.44) 42004300430

PLFFZ.70

G0 TO 460

IF (QR=-10.08) 440,450,450

PEFF=. 74

60 TO 460

PEFF=.83
YRKKwSWR*1000000« *HEAD/ 14404/3960+/PEFF/ +9% . T457%24 . 365+
ECUSTZYRKn*DMATX(10,20)
SLUSTZEXP(5,851743+.301610%X++197183%X*%2,=,017962%x*%3,)
TMSUSECOST+SCUST*WP]

OPERATING COST EQUATION
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AEF23500
AEF23600
AEF23700
AEF23800
AEF23900
AEF24000
AEF24100
AEF24200
AEF24300
AEF24400
AEF24500
AEF24600
AEF24700
AEF24800
AEF24900
AEF25000
AEF25100
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COSTO(N?3)=({OHRS+XMHRS ) *DHR* (1. +PCT)+TMSU) /SMATX(2+1) /73650

CALC. OF CAPITAL COSTS FOR FINAL SETTLER BASED ON DESIGN
PLUS EXCESS CAPACITY

X=ALOG(AFS)

AEF25200
AEF25300
AEF25400
AEF25500
AEF25600
AEF25700
AEF25800

CCOSTINIG)ZEXP(3+716354++389861%X+,084560%xX+%2,~.004718%Xxx3,)*100AEF25900

10.

CALCe OF OPERATING COSTS FOR FINAL SETTLER BASED ON
DESIGN CAPACITY ALONEr DOES NOT INCLUDE EXCESS CAPACITY

X=ALOG(AFS/DMATX(13,N))

CALC. OF OPERATING MANHOURS* MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES

OHRSSEXP(5.846565+.254813#X+¢113703%X%%2,.=,(0109424X%%3,)
XMHRSZEXP(5.273419+4,228329%X+.122646%X*x%2,=,011672%X*%3,)
TMSUSEXP(5.669881+4,750799%X)

OPERATING COST EQUATION

COSTO(N+4)=( (OHRS+XMHRS) *DHR* (1 « +PCT) +TMSU*4P1)/SMATX(2+,1)/3650.

ASSIGNMENT OF VALUES TO OMATX

OMATX(1,N)=BOLZ2
OMATX(2rN)=DOSAT
OMATX (3¢N)=XRSS
OMATX (4 N)ZAFS
OMATX{(5¢N)=CAER
OMATX({6+N)=CEDR
OMATX(7N)=VAER
OMATX(8eNIZVNIT
OMATX(9¢N)=XMLAS
OMATX(10rin) =XNMLBS
OMATX(11rn)=XMLNB
OMATX(12¢N)=XMLDS
OMATX(13en)=XMLIS
OMATX(149N)=FOOD
OMATX{(15+N)=RTURN
OMATX(16¢N)=CNIT
OMATX(17¢N)=ARCFD
OMATX(18rN)=BSIZE
OMATX(19¢N)=CFPGL
OMATX (207N} =QR

PROCESS ENERGY INDICES
FLOWIN)=SMATX(2,1S1)
POW(N)=3.

RETURN
END
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AEF26000
AEF26100
AEF26200
AEF26300
AEF26400
AEF26500
AEF26600
AEF26700
AEF26800
AEF26900
AEF27000
AEF27100
AEF27200
AEF27300
AEF27400
AEF27500
AEF27600
AEF27700
AEF27800
AEF27900
AEF28000
AEF28100
AEF28200
AEF28300
AEF28400
AEF28500
AEF28600
AEF28700
AEF28800
AEF28900
AEF29000
AEF29100
AEF 29200
AEF29300
AEF29400
AEF29500
AEF29600
AEF29700
AEF29800
AEF29900
AEF 30000
AEF 30100
AEF 30200
AEF30300
AEF30400
AEF 30500
AEF 30600
AEF30700
AEF 30800
AEF 30900
AEF 31000
AEF 31100



SECTION 5
STREAM MIXER, MIX
Subroutine Identification Number 4

Rev. Date 8/1/77
Stream Mixer, MIX

1. Process symbol.

IS1: Primary input stream

—I8l e 15S2: Secondary input stream
" 0S1: Primary output stream
—————
Is2

N: User assigned number to
the process, must be zero
for mixer

2. Input Parameters and nominal values.
No input data.
3. Output parameters which are printed on computer output sheets.
No output data.
4. Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

SMATX(2,0S1) = SMATX(2,IS1)+SMATX(2,IS2) MIX01900

Qos1 = Qsitrsz  [M6D]

TEMP1 = SMATX(2,IS1)/(SMATX(2,IS1)+SMATX(2,IS2)) MIX02100
TEMPL = _ QIS1
Qrs1tQ1g2

TEMP2 = SMATX(2,IS2)/(SMATX(2,IS1)+SMATX(2,182)) MIX02200
Q51714
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SMATX(I,0S1) = TEMP1*SMATX(I,IS1)+TEMP2*SMATX(I,1S2) MIX02800

SMATX(I,081) = 6——91§1—— KSMATX(I,TS1) +— 352 #SMATX(I,152) [me/1]
15110152 Qs1tg,

where I = 3,20 {.e. $0C,SNBC,SON,SOP,SFM,SBOD,VSS,TSS,DOC,DNBC,DN,
DP,DFM, ALK, DBOD, NH3,NO3

5. Cost functions.

No cost functions.
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STREAM MIXER
PROCESS TUENTIFICATION NUMBER 4

SUBROUTINE MIX

CuMMON INITIAL STATEMENTS

INTEGER 0510052

MIX00100
MIX00200
MIX00300
MIX00400
MIX00500
MIX00600
MIX00700
MIX00800
MIX00900
MIX01000

COMMON SMATX(20¢30) ¢+ TMATX(20¢30) +DMATX(20,20) »OMATX(20+20)»IP(20)MIX01100
1INPsI00IS1eIS2+0S5100S2¢N» JAERFICCOST(20¢5)COSTO(20+5) v ACOST(20¢5)MIX01200

2*TCOST(20+¢5) UHR*PCT»wPI»CLAND»DLANDFLOW(25) 1 POW(25) +» TKWHD(25)

PROCESS RELATIONSHIPS REQD. TO CALC, EFFLUENT STREAM
CHARACTERISTICS

SMATX(2¢,051)=SMATX (20 IS1)+SMATX(2¢152)
IF (SMATX(2:0S1)) 100350010

10 TEMPL=SMATX(2rIS1)/(SMATX(2¢IS1)+SMATX(2+1S2))
TEMP2=SMATX (2, 1S52)/ (SMATX(2¢IS1)+SMATX(20152))

EFFLUENT STREAM CALCULATIONS
DO 20 I=3.20
20 SMATX(I+0S1)=TEMPL1*SMATX(I¢IS1}+TEMP24SMATX(I+152)

30 RETURN
END
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MIX01300
MIX01400
MIX01500
MIX01600
MIX01700
MIX01800
MIX01900
MIX02000
M1X02100
MIX02200
MIX02300
MIX02400
MIX02500
MIX02600
MIX02700
MIX02800
MIX02900
MIX03000



SECTION 6

STREAM SPLITTER,

Subroutine Identification Number 3

Stream Splitter, SPLIT

1. Process symbol.

Is1

(Wash Water) for TFLOT
ELUT
THICK

2. Input parameters and nominal values.

No input data.

SPLIT

1S1:

0S1:

0S2:

N:

3. Output parameters which are printed on computer output sheets.

No output data.

Rev. Date 8/1/77

Primary input stream

Primary output stream

Secondary output stream

User assigned number to
the process, must be
zero for splitter

4. Theory and functions- FORTRAN statement followed by equivalent algebraic equation.

SMATX(2,0S1) = SMATX(2,151)-SMATX(2,052)

Qpg1 = QIs1-Qpsz  [MGD]

SMATX(I,0S1) = SMATX(I,IS1)

SMATX(I,0S1) = SMATX(I,IS1) [mg/1]

where I =3,20 1i.e.

SPL01900

SPL02500

$0C, SNBC, SON, SOP, SFM, SBOD,VSS,TSS,DOC,

DNBC,DN,DP,DFM, ALK, DBOD ,NH3 ,NO3

SMATX(1,082) = SMATX(I,IS1)

SMATX(I,0S2) = SMATX(I,IS1) [mg/1]

5. Cost functions.

No cost function.
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STREAM SPLITTER
PROCESS ITUDENTIFICATION NUMBER ]

SUBROUTINE SPLIT

COMMON INITIAL STATEMENTS

INTEGER 051,082

SPLO0100
SPL00200
SPL00300
SPLO0400
SPL0O0500
SPL0O0600
SPL0O0700
SPL00800
SPL00900
SPLO100O

CUMMON SMATX(20¢30) » TMATX(20+30) »DMATX(20,20) + OMATX(20+20) 9 IP(20)»SPL0O1100
L1INPeTUrISLeIScr0S1r0S2rN? IAERFCCOST(2095) »COSTO(20+5)+ACOST(20¢5)SPLO1200D

2¢TCOST(20+5) rLHRYPCT»WPI v CLAND/DLAND*FLOW(25) oPOW(25) ¢ TKWHD(25)

PROCESS RELATIONSHIPS REQGD. TO CALC.
CHARACTERISTICS

SMATX(2s051)=SMATX(2¢IS1)=-SMATX(2+052)

EFFLUENT STREAM CALCULATIONS

DO 10 1=3,20

SMATX(1+,051)=SMATX(I¢IS1)
10 SMATX(I¢052)=SMATX(1r1S1)

RETURN

ENv
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EFFLUENT STREAM

SPLO1300
SPLO1400
SPLO1500
SPLO1600
SPLO1700
SPLO1800
SPLO1900
SPL02000
SPLO2100
SPL02200
SPL02300
SPLO2400
SPL02500
SPL02600
SPLO2700
SpPL02800



SECTION 7

ANAEROBIC DIGESTER, DIG

Subroutine Identification Number 6
Rev. Date 8/1/77

Anaerobic Digester, DIG
1. Process symbol.

IS1: Sludge input stream
1s1 os1 0S1: Sludge output stream
N: User assigned number

to the process

2. Input parameters and nominal values.

DMATX(1,N) = TD Digester dentention time, days. [15.]
DMATX(2,N) = TDIG Sludge temperature in digester, degrees Centigrade. [33.]
DMATX (16 ,N) = ECF Excess capacity factor. [1.3]

3. Output parameters which are printed on computer output sheets.

TD = DMATX(1,N)

TDIG = DMATX(2,N)

C1DIG = OMATX(1,N) Rate constant for digester, [1/day].

C2DIG = OMATX(2,N) Rate constant for biodegradable carbon, [1/day].

VDIG = OMATX(3,N) Volume of digester facilities, [cu.ft./1000].

CH4 = OMATX(4,N) Standard cubic feet of methane produced in the
digester each day, [scf/day methane].

C02 = OMATX (5,N) Standard cubic feet of carbon dioxide produced
in the digester each day, [scf/day carbon dioxide] .

CCOST Capital cost, [dollars].

COSTO Operating and maintenance cost, [cents/1000 gall.

ACOST Amortization cost, [cents/1000 gall.

TCOST Total treatment cost, [cents/1000 gall.

ECF Excess capacity factor.
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4. Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

CI1DIG = .28/EXP(.036%(35.-DMATX(2,N))) DIG02500
CIDIC = 0.28 1
e0.036(35—TDIG) L days]
C2DIG = 700.*EXP(.10*(35.-DMATX(2,N))) DIG02600
c2p1G = 700e0-10(35-TDIG) [ e/l
day
DIG13 = C2DIG/(CIDIG*DMATX(1,N)-1.) DIG02700
DIG13 = . C2DIG
CIDIG(ID) -1 [mg/1]
DIG12 = SMATX(3,IS1)-SMATX(4,IS1)+SMATX(11,IS1)-SMATX(12,IS1) DIG02800
DIGI2 = S0C;q; ~ SNBCig) + DOC ., - DNEC .
= total biodegradable carbon g/l ]
TEMP1 = (DIG12-DIG13)/(SMATX(3,IS1)+SMATX(11, IS1)) DIG02900

TEMP] = DIGL2 = 31G13
50Crg1t+ DOCygy

= fraction of biodegradable carbon remaining relative
to total organic carbon entering digester

SMATX(2,081) = SMATX(2,IS1) DIG03400
Qos1 = Qg3 [Mep]
SMATX(3,0S1) = SMATX(4,IS1)+.75*DIGL3 DIG03500
S0Cpg; = SNBCygy+0.75(DIG13) (mg/1]
SMATX (4,0S1) = SMATX(4,IS1) DIG03600
SNBCg) = SNBCrg) - [mg/1]
SMATX(5,051) = (1.-TEMP1)*SMATX(5,IS1) DIG03700
SONyg, = (1-TEMP1) SONpg; (mg/1]
SMATX(6,051) = (1-TEMP1)*SMATX(6,0S1) DIG03800
SR, = (L-TEMP1) SOP [mg/1]
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SMATX(7,081) = SMATX(7,IS1)
SPMygy = SPMpq)

SMATX(8,0S1) = (SMATX(3,0S1)-SMATX(4,0S1))*1.87

SBOD =(SOCOSl - SNBC081)1.87

0s1

SMATX(9,0S81) = SMATX(3,081)*2.38

0s1

SMATX(10,0581) = SMATX(9,0S1)+SMATX(7,0S1)

+ SFM

TSSos1 = VSS081 0s1

SMATX(11,081) = SMATX(12,1S81)+.25*DIG13

DOCOSl = DNBCISl + 0.25DIG13

SMATX(12,081) = SMATX(12,1S1)
DNBCpgy = DNBCISl
SMATX(13,081) = SMATX(13,IS1)+SMATX(5,151)*.65*TEMP1

DNOSl = DNISl + (S0N181)0.65TEMT1

SMATX(14,0581) = SMATX(14,IS1) + TEMP1*SMATX(6,IS1)

DP = DP + TEMP1(SOP

0s1 0s1 ISl)

SMATX(15,081) = SMATX(15,151)

DFMOS1 = DFMIS1

SMATX(16,081) = SMATX(16,IS1)+(SMATX(13,0S1) - SMATX(13,IS51))*3.57

ALKOSl = ALKISl + 3.57(DNosl - DNISl)

SMATX(17,051) = (SMATX(11,0S1)-SMATX(12,081))%1.87
D = - .
BOD g4 (DocoSl DNBCOSl) 1.87
CH4 = 163.85%(DIG12-DIG13)*SMATX(2,IS1)

CH4 = 163.85(DIG12-DIG13) Qg

€O, 249,9%(DIG12-DIG13)*SMATX(2,1S1) - CH,,

co, = 249.9(DIG12-DIG13) Qrg; - CH4
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DIG03900

(mg/1]

DIG04000

[mg/1]

DIG04100
(mg/1]

DIG04200
[mg/1]

DIG04300

(wg/1]

DIG04400

[mg/1]

DIG04500

[mg/1]

DIGO4600

[mg/1]

DIG04700

(mg/1]

DIG04800

[mg/1]

DIG04900

(ng/1]

DIGO5700

[sctd]

DIGO5800

[sc£d]



VDIG = SMATX(2,IS1)*DMATX(1,N)*1000/7.48*DMATX(16,N)

% Tp % 1000 ECF

VIDG = QISl 7748

References:
Patterson and Banker, 1971
Lawrence and McCarty, 1969
0'Rourke, 1968

Smith, 1969

5. Cost functions.
a. Capital cost
Function of VDIG
X = ln VDIG

(1) Digester facilities less than 20000 ft3

(2)

CCOST(N,1) = EXP(4.594215+.127244X~,004001*X*%2,)*1000-

CCOST =1000e4_594215+o.127244x—o.004001x2

Digester facilities equal or greater than 20000 ft3

DIG05900

£

1000

DIG06500

DIG07200

[dollars]

DIGO7900

CCOST(N,1) = EXP(7.679634-1.949689%X+.402610*X**2,—-,018211*X**3,)*1000.

CCOST = 1000e7 -679634-1.949689%+0. 402610%2-0.018211%>

[dollars]

b. Operating manhours, maintenance manhours, and materials/supplies costs

Function of VDIG/ECF

X =

(¢

In (VDIG/ECF)
Digester facilities less than 20000 ft3
(a) Operating manhours

OHRS = EXP(6.163803+0.166305%X~.012470%x#*2,)
OHRS = ob-163803+0.166305X-0.012470%2

(b) Maintenance manhours
XMHRS = EXP(5.726981+.113674%X)

XMHRS = o5-726981+0.113674X
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DIG08600

DIG09400

(hrs/yr]

DIG09500

[hrs/yr]



(¢) Total materials and supplies

TMSU = EXP(6.531623+.198417*X+.021660%X**2,) D 1609600
2
TMSU = 5+531623+0.198417X+0.021660X [dollars/yr]
2. Digester facilities equal or greater than 20000 ft3
(a) Operating manhours DIG10400
OHRS = EXP(9.129250-1.816736*X+.373282%X**2, - 017290%X**3 )
- 2. 3
OHRS = eJ:129250 1.816736X+0.373282X4-0.017290X [hrs/yr]
(b) Maintenance manhours DIG10500
XMHRS = EXP(8.566752-1,.768137#%X+,363173*X**2,-,016620*%X**3,)
- 2_ 3
XMHRS = o8:566752-1.768137%+0.363173X 0.016620X [hrs/yr]
(¢) Total materials and supplies DIG10600
TMSU = EXP(8.702803-1.182711*X+.282691%X**2,-,013672%X**3,)
2. 3
TMSU = eB8.702803-1.182711X+0.282691X 0.013672X [dollars/yr]

c. Total operating and maintenance costs

COSTO(N,1) = ((OHRS+XMHRS)*DHR* (1#PCT)+IMSU*WPI)/SMATX(2,1)/3650, DIG11100

(OHRS+XMHRS ) DHR (1+PCT)+TMSU (WPI)
Qpilant Inf.* 3650

COSTO = [cents/1000 gall
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SINGLE STAGE ANAEROBIC DIGESTION
PROCESS IDENTIFICATION NUMBER 6

SUBROUTINE DIG

COMMON INITIAL STATEMENTS

INTEGER 051,052

D16G00100
D1600200
DIG00300
DI1600400
D1600500
DIGO0600
D1G00700
DIGOO80O
DI1600900
DI1601000

COMMOIN SMATX(20¢30) » TMATX(20+30) ¢OMATX(20020) +OMATX(20920)+1P(20)+DIG01100
1INPrIOrIS19IS2e0S100S2¢N?» JAERF 1 CCOST(20¢5)9C05TO(20+5)»ACOST(20+5)D1601200

2+TCOST(20+5) +DHRPCToWPI+CLAND»DLAND»FLOW(25) ¢POW(25) ¢ TKWHD (25)

FURCING DIGESTER TO HAVE AT LEAST 1lu DAYS DETENTION TIME

IF (DMATX(1»N)=10.) 10Us10,20
DMATX(1,N}=10.

PROCESS RELATIONSHIPS REQD. TO CALC, EFFLUENT STREAM
CHARACTERISTICS

ClDIG=,28/EXP(,036%(35.,~DMATX(2/N)))
C2016=TO0*EXP(+10*(35,=DMATX(2¢N)))
D1613=C2DIG/(C1DIG*DMATX(1rN)=1,)
DiG12=SMATX(3+1S1)~SMATX (4, IS1)4SMATX(1191S1)=SMATX{(12,151)
TeMP1l=(DI612-DIG13) /7 (SMATX(3»IS1)+SMATX(11r]1S1))

EFFLUENT STREAM CALCULATIONS

SMATX(2+,051)=SMATX(2¢r]S1)
SMATX(3+,051)=SMATX (49 [S1)+,75%DIG13
SMATX(4,051)=SMATX(40151)
SMATX(5,051)=(1,=TEMP1)*SMATX(5,151)
SMATX(6r051)=(1.=-TEMPL)*SMATX(6+151)
SMATX(7+,051)=5MATX(7r1S1)
SMATX(8r051)=(SMATX(3+0S1)=SMATX(4,0S51))*1.87
SMATX(9r051)=SMATX(390S1)%2,38
SMATX(10r0S1)=SMATX (99051 ) +SMATX(7,051)
SMATX(11»0S1)=SMATX(12,1S1)+,25%D1G13
SMATX(12+0S1)=SMATX(12+151)
SMATX(1320S1)=SMATX(1orIS1)+SMATX(5,151) *%,65*%TEMPY
SMATX{14r0S1)=SMATX(14+IS1)+TEMPL*SMATX (60 I51)
SMATX(15r0S1)=SMATX(15,]S1)
SMATX(16rUS1)=SMATX(10sISL)+(SMATX (13,051 )-SMATX(13,151)1%3,57
SMATX(1700S1)=(SMATX(11+0S1)=-SMATX(12+,051))%x1,87
SMATX(1890S1)=SMATX(1u+1S1)
SMATX{19+0S1)=SMATX(19,151)
SMATX(20r0S1)=SMATX(2Usr1IS1)

CALCs OF OUTPUT SIZES AND QUANTITIES

Ch4=163.85%(D1612-DIG13)*SMATX(2r]151)
€02z249.9*(DIG12-DIGL1S) xSMATX (2, 151) =CHu4

D1G01300
D1G0O1400
D16G01500
DIG01600
D1601700
D1G601800
DIGG1900
01602000
DIG02100
D1602200
D1602300
DI1602400
DIG02500
D1602600
D1602700
DI6G02800
DI1G02900
D1603000
DI1603100
DI1603200
DIG03300
DIG03400
DIG03500
D1G03600
DIG03700
D1603800
DI16G03900
DIG04000
DIGO4100
D1604200
D1G04300
DIGO4400
DIGO4500
DIGO4600
DIGO4700
D1604800
DI1G04900
D1605000
DI1G05100
D1605200
DIG05300
D1G0S400
D1605500
DIGO5600
D1605700
D1605800
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VUIG=SMATX(2¢1S1)*DMATX(1sN)*1000./7+4B8*DMATX(16¢N)
CALC. OF CAPITAL COSTS BASED ON DES1IGN PLUS EXCESS
CAPACITY

X=ALOG(VDILG)
IF (VU1G=20.) 30040,40

CALC. OF CAPITAL COSTS FOR SMALL DIG FACILITY, LESS

THAN 200u0 CU. FT.

CCOSTINPL)ZEXP (44594215+,127244%X=,0040014X%%2,) %1000,
GO TO 50

CALC., OF CAPITAL COSTS FOR LARGE DIG FACILITY, EQUAL

OR GREATER THAN 20000 CU. FT,

DI6G05900
DIG06000
DI1606100
D1606200
D1G06300
DIGG6400
DIGU6500
D1606600
D1606700
DIGU680CD
D1606900
D1607000
D1G07100
DIG07200
DI1607300
DI6G07400
DIG07500
D1607600
DIGO7700
D1607800

40 CCOST(NrP1IZEXP(7+679654=1,949689%X+,402610%X**%2,-,018211*X*%3,)*10DIG07900

50

60

70

(-]0]

100.

CALC. OF OPERATING COSTS BASED ON DESIGN CAPACITY ALONE.
DOES NOT INCLUDE EXCESS CAPACITY

XZALOG(VDIG/DMATX(16¢N))
IF (VD1G=20.) 60¢70¢7y

CALC. OF OPERATING MANHOURS+ MAINTENANCE MANHOURS
AND MATEKIALS AND SUPPLIES FOR DIG FACILITY. LESS

OHRSZEXP (. 163803+,16063052X=.012470%X*%2,)
XMHRSZEXP(5.726981+,113674%X)
TMSUZEXP(6.531623+4.196417%X+.021660%xX%%2,)
60 TO 80

CALC. OF OPERATING MANHOURS* MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES FOR DI6 FACILITYr EQUAL
UR GREATER THAN 20000 CU. FT.

OHRSZEXP(9.,129250=1.816736*X++373282*X*%2,=,017290*X*%3,)

XMHRSSEXP (8+506752=1+768137%X+ 43631 735X%¥2,=,016620%xX*%3,)

TMSUZEXP(B¢702803=1.182711%X+.282691%X%%2,=,013672%X**3,)
OPERATING COST EQUATION

COSTO(N®2)=( (OHRS+XMHKS) *DHR* (1, +PCT) +TMSU*4P ) /SMATX(2¢1) /3650,

ASSIGNMENT OF VALUES TO OMATX

OMATX(1+N)=C1DI16
OMATX(2/N)=C2016
OMATX(3/N)=VD1IG
OMATX{4+N)=CH4
OMATX(5/N)=CO2

PROCESS ENERGY INDICES

01608000
D1608100
D1608200
D1G08300
DIG0O8400
D1608500
01608600
DIG08700
D1608800
DIG08900
DIG09000
D1609100
DI609200
DI1G09300
DIGO9400
DIG09500
D16G09600
DIG09700
DI1G09800
DIG09900
DIG10000
DIG10100
D1610200
DIG10300
DIG10400
D1G1i0500
D1610600
DIG10700
D1610800
D16G10900
DIG11000
01611100
01611200
D16G11300
DI6G11400
01611500
DIG11600
D1G11700
01611800
DIG11900
D1612000
D16G12100
D1612200
DI1612300
DiG12400



FLOW(N)SSMATX(2,1I51)
POW(N)=6.

RETURWN

Einb
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D1612600
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D1612800



Subroutine Identification Number 7

Vacuum Filtration, VACF

1.

Process symbol.

052 (recycle)

parameters and nominal values.

e———
Is1

Input

DMATX (1,N) = VFL

DMATX (2,N) = HPWK

DMATX (3,N) = TSS

DMATX (4,N) = IVACF

DMATX (5,N) = FECL3

DMATX (6,N) = CAO

DMATX (7,N) = CFECL
DMATX (8,N) = CCAO
DMATX (9,N) = DPOLY

DMATX

DMATX (16,N)

(10,N) = CPOLY

ECF

0s1

SECTION 8

VACUUM FILTRATION, VACF

Rev. Date 8/1/77

IS1: Sludge input stream
0S1l: Siudge cake output stream
052: Liquid recycle output stream

N: User assigned number to the
process

Vacuum filter loading rate, gph/sgy ft. [4.9]

Hours per week that the vacuum filter is operated,
hr/wk. [35.]

Total suspended solids concentration of 052,
mg/1. [200.]

Program control: O = landfill disposal of sludge,
1 = incineration disposal of sludge. [1.]

Dose of ferric chloride added to condition the
sludge, 1b/ton. [42.]

Dose of lime added to condition the sludge,
1b/ton. [176.]

Cost of ferric chioride, $/1b. [.064]
Cost of lime, $/1b. [.0125]

Dose of polymer added to condition the sludge,
1b/ton. [15.]

Cost of polymer, $/1b. [.33]

Excess capacity factor for the process. [1.]

Output parameters which are printed on computer output sheets.

IVACF

FECL3

CAO

CFECL

DMATX (4,N)
DMATX (5,N)
DMATX (6,%)

DMATX (7,N)

CCAO = DMATX (8,N)

DPOLY

DMATX (9,N)

CPOLY = DMATX(10,N)
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WP = OMATX(1,N) Percentage of moisture in the filtered sludge.

AVF = OMATX(2,N) Surface area of the vacuum filter, sq.ft.

PSDD = OMATX(3,N) Amount of dry solids produced by the vacuum
filter, 1b/day.

CCOST Capital cost, [dollars].

COSTO Operating and maintenance costs,[cents/1000 gal]

ACOST Amortization cost, [cents/1000 gall.

TCOST Total treatment cost,[cents/1000 gall.

ECF Excess capacity factor.

4. Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

SMATX(7,1S1) = SMATX(7,IS1)+(FECL3+CAO+DPOLY)*SMATX(10,I81)/2000. VAC02900
(FECL3+CAO+DPOLY)TSS
SPM__ =
1s1 - St 2000 [mg/1]

SMATX(10,I51) = SMATX(10,IS1)+(FECL3+CAO+DPOLY)#SMATX(10,IS1)/2000. VAC03000

. (FECL3+CAO+DPOLY)TSS o
SS__ . =
151 = T8yt 7000 (mg/1]
SMATX(10,082) = DMATX(3,N) VAC03100
WP = 88./(SMATX(10,IS1)/10000.)** 123 VAC03200
- 88
T TS 0,133 [mg/1]
[TSSIS%]O.123
10000
SMATX(10,0S1) = (100.-WP)*10000, VAC03300
TSS,, = 10000(100-WP) [mg/1]

SMATX(2,0S1) =(SMATX(2,151)*SMATX(10,IS1))/ (SMATX(10,081)-SMATX(10,052))

_ Q. *Tss
Q = ISl 1Sl [mg/1]

0s1 - -
TSSg1-T58g5

VAC03400
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SMATX(2,052) = SMATX(2,IS1)-SMATX(2,0S1)

Qe =Q -Q fmg/1]
082 ISl 0s1

TEMP2 = SMATX(10,0S1)/SMATX(10,IS1)

TSS

- 051 [no units]
TEMP2 TS5
181

TEMP3 = SMATX(10,0S2)/SMATX(10,IS1)

TSS

TEMP3 = — 052 [no units]

TSSISI

SMATX(I,0S1) = TEMP2*SMATX(I,IS1)

SMATX(I,0S81) = TEMP2*SMATX(I,IS1)

[mg/t]

where I = 3,9 1.e. SOC,SNBC,SON,SOP,SFM,SBOD,VSS

SMATX(I,082) = TEMP3*SMATX(I,IS1)
SMATX(I,0S82) = TEMP3*SMATX(I,IS1)
where I = 3,9

SMATX(I,OSI) = TEMP2*SMATX(I,IS1)

SMATX(I,0S1) = TEMP2*SMATX(I,IS1)

[mg/1]

[mg/1]

where I = 11,17 4i.e. DOC,DNBC,DN,DP,DFM,ALK,DBOD

SMATX(I,0S82) = SMATX(I,IS1)
SMATX(I,0S2) = SMATX(I,181)
where I = 11,17

SMATX(18,081) = SMATX(18,151)

NH3 = NH3 [mg/1]
0s1 1S1

SMATX(18,082) = SMATX(18,IS51)

3 =
N3 oo = V3.5 [me/1]

SMATX(19,081) = SMATX(19,IS1)

NO3 = NO3 [mg/1]
0 151

S1

79

[mg/1]

VAC03600

VAC03700

VAC03800

‘VAC04400

VAC04500

VAC04700

VAC04800

VAC04900

VAC05000

VAC05100



SMATX(19,082) = SMATX(19,IS1)

NO3 = NO3 (mg/1]
0s2 1s1
SMATX(20,081) = SMATX(20,1S1)
SMATX(20,081) = SMATX(20,IS1) Future parameter
SMATX(20,0S82) = SMATX(20,1S1)
SMATX(20,0S82) = SMATX(20,IS1) Future parameter
SF = SMATX(10,IS1)/10000.
TSS .
SF = ""Iﬁ%%%f“‘ [*]
5C = 100.-WP
SC = 100-wP [%]
FVF = DMATX(1,N)/11.99/(1./SF-1./SC)
2
FVF = VL [1b/br/ft"]

1 1]
11.99 [gf'—'EE]

AVF = SMATX(10,IS1)*SMATX(2,IS1)*58.31/FVF/DMATX(2,N)*DMATX(16,N)

S8 % *58.31*%ECF
T IS81 QIS]. 58.3

AVE = —F*EPWK

PSDD = SMATX(10,IS1)*SMATX(2,IS1)*8.33

PSDD = TSS *Q #8.33
Is1 1s1

References:
Smith and Eilers, 1975
Patter-on and Banker, 1971
5. Cost functions.
a. Capital cost
Function of AVF
X = ALOG(AVF)

X = 1n AVF
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[££2]

[1b/day]

VAC05200

VAC05300

VAC05400

VAC05900

VAC06000

VAC06100

VAC06200

VAC06400

VAC07000



CCOST(N,1) = EXP(3.288028+.194537%X+.038313%X+**2,)*1000.

3.288028+0.194537X+0.038313X2 [dollars]

CCOST = 1000e
b. Operating manhours, maintenance manhours and materials/supplies cos
Function of PSDD

X = ALOG(PSDD*365./2000.)
X = 1n 365 PSDD

2000

(1) Operating manhours
(a) For IVACF = 0 Landfill operation
OHRS = EXP(6.069419-.009894*X+.042699*X *%2.)

6.069419—0.009894X+0.042699}(2

OHRS = € [hrs/y1]

(b) For IVACF = 1 Incineration operation
OHRS = EXP(3.714368+.850848%X~.074615%X**2.,+.005085%X**3,)

3.714368+0.850848X-0.074615% +0.005085%>

OHRS = e
(2) Maintenance manhours
XMHRS = EXP(4.306110-.093695%X+,047738%X%%2,)
4.306110-0.093695X+0.047738%2
XMHRS = e [hrs/yr]
(3) Supplies
SUPP = EXP(-3.113515+.718466%%)*1000.
-3.113515+0.718466X
SUPP = 1000e [doilars/yr]
(4) Chemicals
CHEM = PSDD*365./2000.* (FECL3*CFECL+CAO*CCAO+DPOLY*CPOLY)

PSDD*365*[ (FECL3*CFECL)+(CAO0*CCAO0)+(DPOLY*CPOLY) ]
2000

CHEM =

81

VAC07100

ts

VAC07700

VAC08400

VAC09100

[hrs/yr]

VAC09700

VAC09800

VAC09900

[dollars/yr]



c. Total operating and maintenance costs VAC10400

COSTO(N,1) = ((OHRS+XMHRS)*DHR* (1 .+PCT)+SUPP*WPI+CHEM) /SMATX (2,1)/3650.

[ (OHRS+XMHRS ) *DHR* (1+PCT) H (SUPP *WP1 )+CHEM [cents/1000 gall
*3650

COSTO =

Piant Wf.

Cost curyes, Banker and Patterson page 50.
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VACUUM FILTRATION
PROCESS IUENTIFICATION NUMBER 7

SUBROUTINE VACF

COMMON INITIAL STATEMENTS

INTEGER 051+082

VACO00100
VAC00200
VACO00300
VAC00400
YAC00500
vVaC00600
vaC00700
VAC00800
vaco00900
VAC01000

COMMOIN SMATX(20¢30) » TMATX(20+30) ¢DMATX(20,20) vOMATX(20,20)IP(2D0)»VACO1100
1INPeI0Or1S1eIS2r0S1v0S2eNe IAERF/CCOST(2005)9C0STO(2005)+ACOST(20¢5)VAC01200

2°TCOST(20¢5) rUHRsPCT o wP1+CLAND/DLANDFLOW(25) ¢ POW(25) ¢ TKWHD (25}

ASSIGIWMENT OF DESIGN VALUES TO CHEMICAL PARAMETERS

FECL3=DMATIX(S/N)
CAU=DMATX(6/N)
CFECL=DMATX(7+N)
CCAQ=UMATX (8N}
ODPOLY=DMATX (9¢N)
CPOLY=DMATX(10¢N)

PKOCESS RELATIONSHIPS REQDL. TO CALC. EFFLUENT STREAM
CHARACTERISTICS

SMATX(T7»I51)=SMATX (7 JS1)}+(FECL3+CAO+DPOLY)#SMATX(102151)/2000.
SMATX(10¢ [S1)=SMATX(1Us1SL1)+(FECLI+CAQO4DPOLY)»SMATX(10,151)/2000.
SMATX(1090S2)=DMATX(3/N)

WP=884/(SMATX(1001511/10000.)%%,123
SMATX(10+US1)=(100.~WP) 10000,

vaCo01300
vaCo1400
vVAC01500
VAC01600
VAC01700
VAC01800
VAC01900
vaCo02000
VAC02100
VAC02200
VAC02300
VACU2400
vaC02500
VACO02600
VAC02700
VAC02800
VAC02900
vaCo3000
VACO03100
vaC03200
VaC03300

SMATX(2¢051)=(SMATX(2¢151)%SMATX(10,151))/7(5MATX(10+0S1)=SMATX(10¢VACO3400

1052))

SMATX (2,052} =5MATX (20 JS1)=SMATX(2+0S1)
TEMP2=SMATX(1U»0S1)/SMATX(100151)
TEMP3=SMATX(1u»0S2) /SMATX(109151)

EFFLUENT STREAM CALCULATIONS

DO 10 1=3,9
SMATX(1,051)STEMP2*SMATX(]1r1S1)
SMATX(1e052)STEMPI*SMATX (v 1IS1)
00 20 I=11¢17
SMATX(I+051)STEMPR2*SMATX (1 ISL)
SMATX(1¢052)=5SMATX{1¢1S1)
SMATX(18+10S1)=SMATX(18s]151)
SMATX(18+0S2)=SMATX(1d8¢15))
SMATX(19+0S1)=SMATX(19+152)
SMATX(19:US2)2SMATX (19,151
SMATX(20¢US1)=SMATX(2Ur]1S))
SMATX(209°US2)=SMATX(2UrIS))

CALC. OF OUTPUT SIZES AND QUANTITIES
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VAC03500
VACU3600
VACO03700
vaC03800
vaC03900
VACO4000
VACO4100
VAC04200
vaC04300
vaC04400
VACO04500
VACOu4600
VACOu4700
vacousoo
vaC04900
vVaC05000
VAC05100
VAC05200
VAC05300
VACO5400
VAC05500
VAC05600
VAC05700
VAC(5800
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30

40

50

SF=SMATX{10,1S1)710004.,

SC=100.=-WP

FVF=DMATX(1¢N)/11.499/(1.7/5F=1./5C)
AVF=SMATX(1071S1)*SMATX(2+1IS1)%58.31/FVF/UMATX(2'N)*DMATX(162N)

IVACF=OMATX(4¢N)
PSDD=SMATX(10s1S1) *SMATX(2,I51)%8.33

CALC. OF CAPITAL COSTS BASED ON DESIGN PLUS EXCESS
CAPACITY
X=ALOG(AVF)
CCOST(Ns1)=EXP(3.288028++4194537%X+,038313%Xx%2,)%1000,
CALCs OF OPERATING COSTS BASED ON DESIGN CAPACITY ALONE»
DOES NOT INCLUDE EXCESS CAPACITY
X=ALOG(PSUD*365.72000,)
IF (IVACF) 40+,30°40
CALC. OF OPERATING MANHOURS IF LANDFILL DISPOSAL 1S
USED
OHRSZEXP(6,069419=. 009894 +X+,0426998X5%2,)
GO TO 50
CALC. OF OPERATING MANHOURS IF INCINERATION DISPOSAL
1S USED
OHRS=EXP(3.714368+.850848%X=,074615%xX*22,4,005085%Xx*3,)
CALC. OF MAINTENANCE MANHOURS AND SUPPLIES AND
CHEMICAL COSTS FOR VACF FACILITY
XMHRSZEXP (4.306110~,093695%X+.047738%Xx%%2,)

SUPPZEXP(=3,113515+.718466*X) %1000,
CHEM=PSDD*365. /2000 * (FECL3*%CFECL+CAO*CCAQ+LPOLY*CPOLY)

OPERATING COST EQUATION

VAC05900
VAC06000
VAC06100
VAC06200
VAC06300
VACD6400
VACD6500
VAC06600
VAC06700
vaC06800
VACO06900
vaCo7000
vaco7100
VAC07200
VAC07300
VACO07400
VAC07500
vaC07600
VAC07700
VAC07800
VAC07900
vaCo08000
VAC08100
VAC08200
vVaC08300
VACO08400
VAC08500
VAC08600
VAC08700
VAC08800
VAC08900
VAC09000
VAC09100
VAC09200
VAC09300
VAC09450
VAC0950¢C
VAC09600
VACQ9700
VAC09800
VAC09900
vaCi0000
vaC10100
vaC10200
vaCi0300

COSTO(N»1)=((OHRS+XMHRS) *DHR* (1 . +PCT) +SUPP*sP 1 +CHEM) /SMATX(2¢1) /36VAC10400

150.

ASSIGNMENT OF VALUES TO OMATX

OMATX(1sN)=wP
OMATX(2¢N)=AVF
OMATX (3+N)=PSULD

PROCESS ENERGY INDICES
FLOW(N) =SMATX(2,151)
POW(NI=T7.

RETURN
END
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vaC10500
vaCl10600
vaCl0700
vaclosoo
vaCl10900
vaCl11000
vaCl11100
vaCi1200
VAC11300
VAC11400
VaC11500
VAC11600
VAC11700
VAC11800
VAC11900
VAC12000



SECTION 9
GRAVITY THICKENING, THICK
Subroutine Identification Number 8

Gravity Thickening, THICK Rev. Date 8/1/77

1. Process symbol,

IS1 (Sludge) ISl: Sludge input stream

L - IS2: Wash water input stream
IS2 (Wash water)
0S2 (Recycle) .
OPTIONAL 0Sl: Liquid output stream

0S2: Recycle output stream

N: User assigned number to the

process
0S1
2. Input parameters and nominal values.
DMATX(1,N) = TRR Solids recovery ratio for thickening. [.95]
DMATX(2,N) = TSS Total suspended solids concentration of 0S1,
mg/l. [50,000.]
DMATX (3,N) = GTH Design overflow rate for the thickener, gpd/sq
fr. [700.]
DMATX (4,N) = GSTH Design solids loading rate for the thickener,
1b/day/sq ft. [8.]
DMATX(16,N) = ECF Excess capacity factor for the process. [1.5]

3. Output parameters which are printed on computer output sheets,

TSSOSI = DMATX(2,N)

ATHM = OMATX(1,N) Surface area of the gravity thickener, [sq. ft.]

WRT = OMATX(2,N) Ratio of dilution stream flow in mgd/influent
sludge stream flow in mgd.

CCOST Capital cost, [dollars].

COSTO Operating and maintenance cost,
[cents/1000 gal].

ACOST Amortization cost, [cents/1000 gall.
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TCOST Total treatment cost,[cents/1000 gall.
ECF Excess capacity factor.
4. Theory and functions - FORTRAN statement followed by equivalent algebraic equatiom.
SMAT(I) =0 THI02100
where I = 1,20
SMAT(I) = SMATX(I,IS2) THIO02400
SMAT (E)=SMATX(I,IS2) [MGD and mg/1]
where I = 1,20

i.e. I, Q, SOC, SNBC, SON, SOP, SFM, SBOD, VSS, TSS, DOC, DNBC, DN, DP, DFM,
ALK, DBOD, NH3,NO3

SMATX(2,081) = DMATX(1,N)*(SMATX(2,IS1)*SMATX(10,IS1)+SMAT (2)*SMAT(10))/SMATX(10,0S1)

TRR*[ Qg1 #1886 )+(Qpgp*TSS 1550 [yapg

Qs = THI02600
081 TSSps1
TEMP = DMATX(4,N)/DMATX(3,N)*1000000-/8.33 THI02800
— 1000000 GSTH
TEMP =_1000000 GSTH [mg/1]
8.33 GTH 8
WRT = (SMATX(10,1S1)-TEMP)/(TEMP~SMAT (10)) THI03200
TSS.._ . ~TEMP
WRT = IS1 [mg/1]
TEMP-TSS g9
SMATX (2,182) = WRT*SMATX(2,151) THI03300
Qrsy = WRT*Qrg (m6D]
SMAT(2)  SMATX(2,1S2) THI03400
SMAT (2) QISZ [MGD]
SMATX (2,0S82) = SMATX(2,IS1)+SMAT(2)-SMATX(2,081) THI03500
Qos2 = Us1M527%s1 [MGD]
TEMP = SMATX(2,IS1)*SMATX (10,IS1)+SMAT (2)*SMAT(10) THI03600
= * *! —
TEMP = Qrqy T55151+(%52 TSS 15 [MGD-mg/1]
SMATX (10,0S82) = (TEMP-SMATX(2,0S51)*SMATX(10,081))/SMATX(2,0S2) THI03700
TEMP-(Q.... . *TSS_...)
158 g, = 0S1 oSl (mg/1]

Qg2
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TEMP = TEMP/(SMATX (2,IS1)+SMAT(2)) THI03800

TEMP

TEMP 38 e o [mg/l]
Qrs1* 952
TEMP1 = SMATX(10,0S1)/TEMP THI03900
TSS, .
TEMPL TEMgSI [no units]
TEMP2 = SMATX(10,0S2)/TEMP THI04000
TSS
TEMP2 = 082 [no units]

TEMP3 = (SMATX(2,IS1)*SMATX(I,IS1)+SMAT (2)*SMAT(I))/(SMATX(2,IS1)+SMAT(2))

*SMATX (I,IS1))+(Q. ., *SMAT(I))

_ Qg 152 [mg/1]

THI04600
Qs1ts:

where T = 3,9
i.e. SOC,SNBC,SON,SOP,SFM,SBOD,VSS

SMATX(I,0S81) = TEMP1*TEMP3 THI04800
SMATX(I,0S1) = TEMP1 * TEMP3 (mg/1]
where I = 3,9

SMATX(I,082) = TEMP2 * TEMP3 THI04900
SMATX(I,0S2) = TEMP2*TEMP3 (mg/1]
where I = 3,9

SMATX(I,0S1) = (SMATX(I,IS1)*SMATX(2,IS1)+SMAT (I)*SMAT(2))/(SMATX(2,ISI)+SMAT(2))

(SMATX (T, I51)*Q ¢, )+ (SMAT (1) *Q g ,)

SMATX(I,081) = 5 (mg/1] THI05100
1517 182
where I = 11,20
1.e. DOC,DNBC,DN,DP.DFM,ALK,DBOD,NH3,NO3
SMATX(I,0S2) = SMATX(I,0S1) THI05300
SMATX (I,0§2) = SMATX(I,0S1) [mg/1]

where I = 11,20

ATH1 = (SMATX(2,0S82)+SMATX(2,051))*1000000,/DMATX (3,N)*DMATX (16,N)

*
(Qos2+Q051) 1000000*ECF

[£t2] THI05800
GTH

ATH] =

87



ATH2 = SMATX(Z,ISI)*SMATX(IO,ISI)*8.33/DMATX(4,N)*DMATX(16,N) THI06000
e Qpgy *TSS g *8. 334ECF [£62]
GSTH
ATHM = ATH2 [For ATHI - ATH2 <0] THI06200
ATHM = ATHI [For ATH! - ATH2 >0] THI06400
References:
Smith and Eilers, 1975
Patterson and Banker, 1971
5. Cost functions.
a. Capital cost
Function of ATHM
X = ALOG(ATHM/1000.) THI07000
X =1p ATHM
1000
CCOST (N, 1) = EXP(3.725902+,397690%X+,075742%X**2,~,001977%X**3,-,000296*X**4,)*1000,
THI07100
3.725902+0.397690X+0.075742X2—0.001977X3—0.000296X5 [dollars]

CCOST = 1000e
b. Operating manhours, maintenance manhours and materials/supplies costs

Function of ATHM/ECF

X = ALOG(ATHM/1000,/DMATX (16,N)) THIO7800
X = lg ATEM
1000ECF
(1) For (EXP(X)-1<0)
(a) Operating manhours
OHRS = 350 [hrs/yr] THI08600
(b) Maintenance manhours
XMHRS 190 (hrs/yr] THI08700
(¢) Total materials and supplies
TMSU 250 [dollars/yr] THIO8800
(2) For (EXP(X)—le)
(a) Operating manhours
OHRS = EXP(5.846565+.254813%X+,113703%K%%2,~,010942%X*%%3.) 15100600
OHRS e5.846565+0.254813X+0.113703X2—0.010942X3 [hrs/yr]
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(b) Maintenance manhours
XMHRS = EXP(5.273419+.228329*X+,122646*X**2,—,011672*%X**3,) THI09700

2 3
XMHRS = e5.273419+0.228329X+0.122646}{ ~0.011672X Ches/yr]

(¢) Total materials and supplies

TMSU = EXP(5.669881+.750799#X) THI09800

T™MSU = e5.669881+0.750799X [dollars/yr]

c. Total operating and maintenance costs

COSTO(N,1) = ((OHRSHXMHRS)*DHR* (1,+PCT)+TMSU*WPI)/SMATX(2,1)/3650, THI10300

COSTO =(QHRSH+XMHRS)*DHR* (14+PCT)+(TMSU*WPI) [cents/1000 gall
Q %3650
Plant Inf.
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GRAVITY THICKENING TH100200
PROCESS IDENTIFICATION NUMBER 8 THI00300
THI00400

SUBROUTINE THICK THI100500
THIO00600

THI00700

COMMON INITIAL STATEMENTS THI00800
THI00900

INTEGER 0510052 THI01000
DIMENSION SMAT (20) THIO01100

COMMON SMATX(20+30) » TMATX(20+30) ¢+ DMATX(20+20) rOMATX(20+20) ¢ IP(20) s THIO1200
1INP» 10, IS1rIS2r0S190S2¢ N IAERFYCCOST(2095)»C0STO(20+5) vACOST(20¢5)THI01300
2¢rTCOST(20¢5) +UHR*PCTrwP1+CLAND 1DLAND*FLOW(25) +POW(25) » TKWHD (25) THIO01400

THI01500

THI01600

PKOCESS RELATIONSHIPS REQD. TO CALC. EFFLUENT STREAM THI01700
CHARACTERISTICS THI101800

THIO01900

DO 10 I=1.20 TH102000

10 SMAT(1)=0, TH102100
IF (1S2) 40+40,20 TH102200

20 DU 30 I=1+20 THI02300
30 SMAT(I)=SMATX(I»IS2) TH102400
40 SMATX(10+r0US1)=DMATX(2/N) TH102500
SMATX(20051)ZUMATX (1 oin) * (SMATX (29 IS1) *SMATX (100 IS1)4SMAT(2) «SMAT(1TH102600
10))/SMATX(10+0S1) THI02700
TEMPSUMATA (421y) /DMATX(3+N)*1000000,./8.33 TH102800

IF (I52) 60+50060 THI02900

50 WRT=0, THI03000
GO TO 70 THI03100

00 WRT=(SMATX(10,1S1)=-TEMP)/(TEMP-SMAT(10)) THI03200
SMATX(2+1S52)TWRT*SMATA(2,151) THI03300
SMAT(2)=SMATX(2¢152) THI03400

70 SMATX(2¢052)TSMATX(2¢1S1)+SMAT(2)=SMATX(2/,051) THI03500
TEMP=SMATX (29 IS1)*SMATX (10, IS1)+SMAT(2) xSMAT(10) THI03600
SMATX({10rUS2) = (TEMP=SMATX(2+,0S1)*SMATX(10,051))/SMATX(20052) TH103700
TEMPSTEMP/ (SMATX (2, IS1)+SMAT(2)) TH103800
TEMP1=SMATX(1ur0SL1)/TEMP TH103900
TEMP2=SMATX(10,052) /TEMP TH104000
THIO04100

THIO&200

EFFLUENT STREAM CALCULATIONS THI04300

THIO4400

DO 80 1=3+9 TH104500
TEMP3=(SMATX (2, IS1) #SMATX(IrIS1)+SMAT(2)*SMAT(I))/ (SMATX(2,151) +SMTHIO04600
1AT(2)) THIO4700
SMATX(I1+051)=TEMP1*TEMP3 THIO4800

60 SMATX(I+052)=TEMP2*TEMP3 THIO04900
DO 90 I=11,20 THI05000
SMATX(Is051)Z(SMATX (T IS1)#SMATX (20 ISL)+SMAT (1) «SMAT(2) )/ (SMATX (2, THI05100
1151)+5MAT(2)) THI05200
90 SMATX(I»052)=SMATX(I+051) TH105300
THI05400

THI05500

CALC. OF OUTPUT SIZES AND QUANTITIES THI105600,

TH105700

ATHI={(SMATX(2+,052) +SMATX(2r051))%1000000./DMATX (39N)*DMATX{16sN) THIUSB00
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IF (152) 12001000120
1U0 ATH2=SMATX(2r1S1)*SMATX(107151)%8.33/DMATX (4 rN)*DMATX(16¢N)
IF (ATH1~ATH2) 11091200120

ATHM=ATH2
60 TO0 130
ATHM=ATH1

CALCes OF CAPITAL COSTS BASED ON DESIGN PLUS EXCESS
CAPACLTY

130 X=ALOG(ATHM/1000.)
CCOSTINPL)ZEXP{3.7259U24¢397690%X+,075T42*X*%2,~e001977%X%%3,~,000THI07100
1296%X*%4,)*1000.

140

150

lo0

CALC.

OF OPERATING COSTS BASED ON DESIGN CAPACITY ALONE»

DOES NOT INCLUDE EXCESS CAPACITY

X=ALOG(ATHM/1000+/DMATX(16+N))
IF (EXP(X)=1s} 140+150.150

OHRSZ=350.
XMHRS=190,
TMSU=250.
GO T0 160

CALC. OF OPERATING MANHOURSr MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES FOR THICK FACILITY.
LESS THAN 1000 SQ. FT,

CALC.OF OPERATING MANHOURSr» MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES FOR THICK FACILITY.
EQUAL OR GREATER THAN 1000 Su. FT,

OHRSZEXP(5.846565+.254813%X+,113703#X%%2.=4010942%X%%*3,)
XMHRSZEXP (5,2734194,228329%X+.122646%X%%x2.=,011672%X*%*3,)
TMSU=EXP (5.669881+.750799x%X)

OPERATING COST EQUATION

COSTO(Ns 1} =( (OHRS*XMHRS) *DHR* (1 s +PCT) +TMSU*WP 1) /SMATX(2,1) /3650,

ASSIGNMENT OF VALUES TO OMATX

OMATX(1sN)=ATHM
OMATX(2sN)=WRT

PKOCESS ENERGY INDICES

FLOWIN)=SMATX(2,151)

POw{N)=8.
RETURN
END
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THI10900
THI11000
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THI11500
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SECTION 10

ELUTRIATION, ELUT

Subroutine Identification Number 9

Elutriation, ELUT

1. Process symbol.

ISl

2.

S ——— e
082 (Recycle)

0s1

)

IS2 (Wash Water)

Input parameters and nominal values.

DMATX(1,N) - ERR
DMATX (2,N) = TSS
DMATX (3,N) = WRE
DMATX (4,N) = GE
DMATX (5,N) = GES

DMATX(16,N) = ECF

92

Rev. Date 8/1/77

IS1: Sludge input stream
IS2: Wash water input stream
0S1: Sludge output stream
0S2: Recycle output stream

N: User assigned number to
the process

Solids recovery ratio for elutriation.
[.76]

Total suspended solids concentration of
0sl, mg/l. [60,000.]

Wash water ratio for elutriation. [3.]

Design overflow rate for elutriation,
gpd/sq ft. [800.]

Design solids loading rate for elutriationm,
1b/day/sq ft. [9.]

%xceﬁs capacity factor for the process.
1.5



3.

Output parameters which are printed on computer output sheets.

ERR = DMATX(1,N)
TSS = DMATX(2,N)
WRE = DMATX(3,N)
GE = DMATX(4,N)
GES = DMATX(S5,N)
AE = OMATX(1,N) Surface area of the elutriation
tank, sq. ft.
CCOST Capital cost, [dollars]
COSTO Operating and maintenance cost,
N [cents/1000 gall
ACOST Amortization cost, [cents/1000
gal]
TCOST Total treatment cost, [cents/
1000 gall
ECF Excess capacity factor.

Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

SMATX(10,0S1) = DMATX(2,N) ELUO1900
'rssOsl = TSS [mg/1]
SMATX (2,IS2) = DMATX(3,N)*SMATX(2,1S1) ELU02000

Qrgp = WRE * Qpq, [M6D]

AE1 = SMATX(2,TS1)*1000000./DMATX (4,N) ELU04500
Q;qy * 1000000
ey = I [£e?]
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AE2 = SMATX(2,IS1)*SMATX(10,IS1)*8.33/DMATX(S5,N) ELU04600

*
* TSSISI 8.33 [ftz]
GES

Qg

AE2 =

AE = AE1*DMATX(16,N) If (AE1-AE2)>0 ELU04800

AE = AEl * ECF [ftz]

AE = AE2*DMATX(16,N) If (AEI-AE2)<0 ELUO05000

AE  AE2 * ECF [ftz]

SMATX (2,081)=DMATX (1,N)*SMATX (2,IS1)*SMATX (10,IS1)/SMATX(10,081) ELU02100

ERR * Qo) * ISS

Q =
051 TSSOS1

1s1 [McD]

SMATX (2,0S2)=SMATX (2,I51)+SMATX (2, IS2 )-SMATX (2,081) ELU02200

Qs2 = Qs1 * Qpsy = gy [MGD]

TEMP - SMATX(2,IS1)*SMATX(10,IS1)+SMATX(2,IS2)*SMATX(10,152) ELU02300

TEMP = [QISI*TSSISIJ + [QISZ*TS ] [(MGD-mg/1]

S1s2

SMATX (10,052)= (TEMP-SMATX (2,0S1) *SMATX (10,081) ) /SMATX (2, 052) ELU02400

- *
1ss N TEMP [Qosl T8
0S2

5051] [mg/1]

Qg2

TEMP = TEMP/(SMATX(2,IS1)+SMATX(2,152)) ELU02500

TRE — (mg/1]

QISl+QISZ

TEMPl = SMATX(10,0S1)/TEMP ELU02600

TSSOSI

TEMPL = —TBr [no units]
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TEMP2 = SMATX(10,082)/TEMP ELU02700

TSS
TEMP2 = Wfs-g-—— [no units]

TEMP3 = (SMATX(2,IS1)*SMATX(I,IS1)+SMATX(2,IS2)*SMATX(I,IS2))/(SMATX(2,IS1)+SMATX(2,152))

[Q. .. *SMATX(I,1S1)] + [Q.. . *SMATX(I,152)] ELU03300
151 152 [mg/1]
TEMP3 = T
181 t Qg2
where I = 3,9 i.e. SOC,SNBC,SON,SOP,SFM,SBOD,VSS
SMATX(I,0S1) = TEMP1 * TEMP3 ELU03500
SMATX(I,0S1) = TEMP1 * TEMP3 [mg/1]
where I = 3,9
1.e. SOC,SNBC,SON,SOP,SFM, SBOD,VSS
SMATX(I,082) = TEMP? * TEMP3 ELU03600

SMATX(I,0S2) = TEMP2 * TEMP3 [mg/1]

where I = 3,9

SMATX(I,081) = (SMATX(I,IS1)*SMATX(2,IS1)+SMATX(I,IS2)*SMATX(2,IS2))/(SMATX(2,IS1)+SMATX(2,IS2))

) ELU03800

(SMATX (I,I81)*Q g, )+(SMATX(I,152)*Q; o, (mg/1]
mg/1

SMATX(I,081) = QIsl T QISZ

where T = 11,20 i.e. DOC,DNBC,DN,DP,DFM,ALK,DBOD,NH3,NO3

SMATX(I,082) = SMATX(I,0S1) ELU04000
SMATX(I,082) = SMATX(I,0S1) [mg/1]

where I = 11,20,
References:

Smith and Eilers, 1975

Patterson and Banker, 1971

95



S. Cost functioms.
a. Capital cost

Function of AE

X = ALOG(AE/1000.) ELU05600

X = 1n AE_
1000

CCOST(N,1)  EXP(3.725902+.397690%X+.075742%X**2,~,001977*X**3,-,000296*X**4.)*1000.
4

CCOST - 1000e3.725902+0.397690X+0.075742X2—0.001977X3~0.000296X [dollars]
ELU05700
b. Operating manhours, maintenance manhours and materials/supplies costs
Function of AE/ECF
X = ALOG(AE/1000./DMATX(16,N)) ELU06400
X In____AE
1000*ECF
(1) Operating manhours
(a) EXP(X)<1 ELU06500
OHRS 350. [hrs/yr] ELU07200
(b) EXP(X)E} ELU06500
OHRS = EXP(5.846565+.254813%X+.113703%X*%2, -, 01094 2%X**3,) ELU08200
OHRS = e5-B46565+0.254813%+0.113703k%-0.010942X> [y /o
(2) Maintenance manhours
(a) EXP(X)<1 ELU06500
XMHRS = 190. [hrs/yr] ELU07300
(b) EXP (X)_>_l ELU06500

XMHRS = EXP(5.273419+.228329*X+.122646*X**2.—.011672*X**3.) ELU08300

MRS = o5 273619+0.228329%+0.122646%2-0.011672x3  [hrs/yr]
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(3) Total materials and supplies

(a) EXP(X)<1

TMSU = 250 [dollars/yr]

(b) EXP(X)>1
TMSU = EXP(5.669881+.750799*X)

TMSU = e2-669881+0.750799X [dollars/yr]

c. Total operating and maintenance costs

COSTO(N,1) = ((OHRS+XMHRS)*DHR* (13PCT)+TMSU*WPI)/SMATX(2,1)/3650.

COSTO = (OHRS+XMHRS)DHR (1+PCT)+(TMSU*WPI)
Qplant Inf. *3650

[cents/1000 gal]
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ELUV00100

ELUTRIATION ELU00200
PROCESS IDENTIFICATION NUMBER 9 ELU00300
ELU00400

SUBROUTINE ELUT ELU00500
ELU00600

ELUOCO700

COMMON INITIAL STATEMENTS ELU00800
ELUD0900

INTEGER 0510052 ELV01000

COMMON SMATX(20¢30)TMATX(20¢30) OMATX(20,20) »OMATX(20220),IP(20)»ELUCL100
1INPr10vIS1eIS2+0S100S2rNr1AERF¢CCOST(2005)9COST0(20¢5)ACOST(20,5)ELV01200
2¢TCOST(20¢S) rUHR*PCT+wPI¢CLANDDLAND»FLOW(25) sPOW(25) » TKWHD(25) ELU01300

ELU01400

ELU01500

PKOCESS RELAT1ONSHIPS REQD. TO CALC. EFFLUENT STREAM ELU01600
CHARALTERISTICS ELU01700

ELU01800

SMATX(107US1)=DOMATX(2/N) ELU01900
SMATX (2, 152) ZDMATX(3¢N) xSMATX(2¢151) ELU02000
SMATX (20051 )SOMATX(1ri) *SMATX (2,151 ) *SMATX (10, 1S1) /SMATX(10,051) ELU02100
SMATX(2+052) =SMATX(2¢ 151 ) +SMATX (2, 152) =SMATX (20051) ELU02200
TEMP=SMATX (20 1S1) *SMATX (100 IS1)+SMATX (2, I152) *SMATX (10, 152) ELU02300
SMATX{10r052)= (TEMP=SMATX(2,051) *SMATX (10,051) ) /SMATX(2+052) ELU02400
TEMP=TEMP/ (SMATX {2+ IS1) +SMATX(2,152)) ELU02500
TEMP1=SMATX(106»051)/TeMP ELU02600
TEMP2=SMATX(10+052) /TLMP ELU02700
ELU02800

ELU02900

EFFLUENT STREAM CALCULATIONS ELU03000

ELU03100

DU 10 1=3+9 ELU03200
TEMP3= (SMATX(2¢IS1)%SMATX (10 IS1)+SMATX (29 1S2) #*SMATX(T¢152) )/ (SMATXELUD3300
1(211S1)+SMATX(20152)) ELUO3400
SMATX(1+051)=TEMP1*TEMP3 ELU03500

10 SMATX(I+052)=TEMP2*TEMP3 ELU03600
DO 20 I=11,20 ELUD3700
SMATX(I1+051)=(SMATX(IrIS1)%SMATX (2, IS1)4+SMATX(I,152)*SMATX(2+152) JELUO3800

1/ (SMATX (2, 1S1)+SMATX(2,152)) ELU03900
20 SMATX{I1,052)=SMATX(1+051) ELUO4000
ELUO4100

ELUD4200

CALC. OF OUTPUT SIZES AND QUANTITIES ELUO4300

ELUO4400

AE1=SMATX(2+151)%1000000+/DMATX(4sN) ELUO4500
AE2ZSMATX(2/1S1) *SMATX (100 IS1)%8433/DMATX(5,N) ELUO4600

IF (AE1=Ar2) 40,40+30 ELUO4700

30 AESAEL1*DMATX(16+N) ELUO4800
60 70 50 ELU04900

40 AESAEC*DMATX(169N) ELU05000
ELU05100

ELU05200

CALC. OF CAPITAL COSTS BASED ON DESIGN PLUS EXCESS ELU05300

CAPACITY ELUOS5400

50 X=ALOG(AE/100U.) Etgggggg
CCOSTINI1)ZEXP (347259024 4397690%X+ 40757424 X4%20=400197 74X #%3 4=, 000ELU0ST00
1290%X**%4,)*1000. ELV05800
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CALCs OF OPERATING COSTS BASED ON DLESIGN CAPACITY ALONE.
DOES NOT INCLUDE EXCESS CAPACITY

X=ALOG(AE/1000./DMATX(162N))
IF (EXP(X)=1.) 60+70+70

CALC. OF OPERATING MANHOURS» MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES FOR ELUT FACILITY» LESS
THAN 1000 SQ. FT.

OHRS=350,

XMHRS=190.

TMSU=250.

GO TO 80
CALC., OF OPERATING MANHOURS* MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES FOR ELUT FACILITYs» EQUAL
OR GREATER THAN 1000 S@. FT.

OHRSZEXP (5, 846565+, 254B813%X+,113703xX5%2,=,(010942%X¥%3,)

KMHRSZEXP (54273419+,228329%X++122646%X*%2,=,011672xX%%3,)
TMSUZEXP(5.669881+.750799%X)

OPERATINu COST EQUATION
COSTO(Ns1)=((OHRS+XMHRS) *DHR* (1 ,+PCT) +TMSU*WP1) /SMATX(2+1) /3650,

ASSIGNMENT OF VALUES TO OMaTX

OMATX(1+N)=AE

PROCESS ENERGY INDICES

FLOW(N)=SMATX(2:151)
PUW(N)=9,

RETURIv

ERND
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ELUG5900
ELU06000
ELU06100
ELU06200
E£LU06300
ELUC6400
ELU06500
ELU06600
ELUG6700
ELU06800
ELUC6900
ELUO07000
ELU07100
ELU07200
ELUGT7300
ELUD7400
ELUGT7500
ELU07600
ELU07700
ELV07800
ELUG7900
ELV08000
ELUOB100
ELUUB200
ELU08300
ELU08400
ELU08500
ELUUB600
ELU08700
ELU0CB800
ELU08S00
ELU0S000
ELU09100
ELU09200
ELU09300
ELUO9400
ELU09500
ELU09600
ELU09700
ELU09800
ELU09900
ELU10000
ELUL10100
ELU10200



SECTION 11

SAND DRYING BEDS, SBEDS

Subroutine Identification Number 10

Rev. Date 8/1/77

Sand Drying Beds, SBEDS

1. Process symbol.

—2§3—4SBECYCle) IS1: Sludge input stream

0S1: Sludge cake stream

——I§1——- N i-—- 0S2: Recycle output stream
N: User assigned number
to the process
2. Input parameters and nominal values.
DMATX(1,N) = SOUT Percent solids of 0S1, fractionm, [.35].
DMATX(2,N) = TSS Total suspended solids concentration of 0S2, mg/l, [50.].
DMATX(16,N) = ECF Excess capacity factor for the process, [1.5].

3. Output parameters which are printed on computer output sheets.

SOUT = DMATX(1,N)

TSS = DMATX(2,N)

ASB = OMATX(1,N) Area of the sludge drying beds, [sq. ft.].

CCOST Capital cost, [dollars].

COSTO Operating and maintenance cost, [cents/1000 gall.
ACOST Amortization cost , [cents/1000 gal].

TCOST Total treatment cost , [cents/1000 gall.

ECF Excess capacity factor.

lo0



4. Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

SMATX(2,0S2) = SMATX(2,IS1) SBE01800

Qos2 = Qg;  [MeD]

SMATX(10,082) = DMATX(2,N) SBE01900

TSSggp = TSS  [mg/1]

TEMP = SMATX(10,082) /SMATX(10,1I51) SBE02000
TSSps2
TEMP TSS1s1 [no units]
SMATX(I,0S2) = TEMP*SMATX(I,IS1) SBE02200

SMATX(I,0S2) = TEMP*SMATX(I,IS1) [mg/1]

where I = 3,9 1.e. S0C,SNBC,SON,SOP,SFM,SBOD,VSS

SMATX(I,082) = SMATX(I,IS1) SBE02400
SMATX(X,082) = SMATX(I,IS1) [mg/1]
where T = 11,20 i.e. DOC,DNBC,DN,DP,DFM,ALK,DBOD,NH3,NO3
SF = SMATX(10,IS1)/10000. SBE02900
SF = 155181  []
10000
SC = DMATX(1,N)*100. SBE03000
SC = souT*100 [%]
FSB = (29.84*SF-33.3)/SC SBE03100
FSB = 22;5&2%;2;;2 [1b dry solids applied/ft2/30 days]
TEMP = SMATX(2,IS1)*SMATX(10,IS1)%249.9 SBE03200
TEMP = Qpg1*TSSygq1*249.9 [1b dry solids/30 days]
ASB = TEMP/FSB*DMATX(16,N) SBE03300
_ TEMP*ECF 2
ASB = = [£fe°]
PSDD = SMATX(10,IS1)*SMATX(2,IS1)*8.33 SBE03400

PSDD = TS8yg1*Qpg1*8.33  [1b dry solids applied/day]
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Reference: Smith and Eilers, 1975

Cost functions.

a.

Patterson and Banker, 1971
(Cost curves, Patterson and Banker pages 48,102,103)

Capital cost

Function of ASB

X = ALOG(ASB/1000.) SBE04000

(1000)

CCOST(N,1) = EXP(1.971125+.083841*X+.146751%X**2,.~,007718+%X**3,)*1000. SBE04100

. 2. 3
CCOST = 1000e1.971125+0.083841X+0.146751X 0.007718X [dollars]

Operating manhours, maintenance manhours, and materials/supplies costs

Function of PSDD

X = ALOG(PSDD*365./2000.) SBE04800

X=1n (2%%%%22) [in(tons applied/year)]

(1) Operating manhours

OHRS = EXP(6.345052-.476780%X+.101319 *X**2.) SBE05400
OHRS = e6.345052-0.476780X+0.101319X2  [ro/er]

(2) Maintenance manhours

XMHRS = EXP(4.290089-.098293*%X+.075453%X%%2,) SBE05500
= o4.290089-0. . 2
XMHRS = ef-290089-0.098293%+0.075453X [hrs/yr]
(3) Total materials and supplies
TMSU = EXP(.693148+1.000000*X) SBEQ5600

TMSU = ¢0-693148+X [dollars/yr]

Total operating and maintenance costs

COSTO(N,1) = ((OHRS+XMHRS)*DHR* (1+PCT)+TMSU*WPI) /SMATX(2,1)/3650.

SBE06100
cosTo = L(OHRS+XMHRS) *DHR* (1+PCT) +[ TMSU*WPT ]

Qplant Inf. #3650 [cents/1000 gal]
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SBE00100

SAND URYING BEDS SBE00200

PROCESS IDENTIFICATION NUMBER 10 SBE00300
SBEOO4QO

SUBROUTINEL SBEDS SBEC0500
SBEQ0600

SBE00700

COMMON INITIAL STATEMENTS SBEOD80O
SBE00900

INTEGER 051,052 SBEQG1000

COMMOIN SMATX (20+30) »TMATX(20,30) rDMATX(20+20) »OMATX(20+20)»IP(20) +SREC1100
1INPrIO»IC101S29r0S190S2eN? JAERF¢CCOST(20¢5)+,COSTO(20+5)1ACOST(20/+5)SBE01200
21 TCOST(20¢5) sUHR+PCT#wP1 s CLAND DLANDFLOW(25) »POW(25) ¢+ TKWHD (25) SBE01300

SBEO1400

SBEO1500

EFFLUENT STREAM CALCULATIONS SBE01600
SBE01700

SMATX12+052)=5MATX(2¢151) SBE01800
SMATX(1000S2)=DMATX(2N) SBE01900
TEMP=5MATX(10+052) /SMATX(10+151) SBE02000
Du 10 I1=3,9 SBE02100
10 SMATX(I,052)=TEMP*SMATX(I»IS1) SBEG2200
D0 20 1=11.,20 SBE02300
20 SMATX(I»052)=SMATX(Ir1S1) SBE02400
SHE0U2500

SBE02600

CALCs OF OUTPUT SIZES AND QUANTITIES SBED2700
SBE02800

SF=SMATX(10,151)710000. SBE02900
SC=DMATX(LeN) %100, SBE03000
Fop=(29,84%SF=33.3)/5C SBE03100
TEMP=SMATX(2+1S1)*SMATX(10sIS1)%249,9 S8E03200
ASB=TEMP/FSB*UMATX(16¢N) SBE03300
PSLUD=SMATX (10, IS1)*SMATX(201S1)%B.33 SBEO3400
SBEG3500

SBE03600

CALC. OF CAPITAL COSTS BASED ON DESI6GN PLUS EXCESS SBE03700
CAPACITY SBEO3800
SBE03900

XZALOG(ASB/71000.) SBEO4000
CCOSTUINILIIZEXP(1¢971125+s0838H41%X+,146751%Xx%2,=007718%X*%3.)%100SRE04100
10. SBEO4200
SBEO4300

SBEO4400

CALC. OF OPERATING COSTS BASED ON DESIGN CAPACITY ALONE, SBEO4S500

DUES NOT INCLUDE EXCESS CAPACITY SBEO4600
SBEO4700

X=ALOG(PSLD*365.72000,) SBEO4800
SBEQ4900

SBEG5000

CALC. OF OPERATING MANHOURSe+ MAINTENANCE MANHOURS SBE0S100

AND MATERIALS AND SUPPLIES SBE05200

) SBE0S5300
OHR5=5XE‘O-3“5052--470780*X+o101319*Xtt2-) SBEO5400
XMHRSSEXP (4.290089=,098293%X+.075453*%X*%x2,) SBE0S500
TMSU=EXP{+693148+1.000000%X) SBE0S5600
SBE0S700

SBE05800
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OPERATING COST EQUATION

COSTOUINSIL)IS({OHRS+XMHRS ) ¥*DHR* (1 4 +PCT) +TMSU*WP 1) /SMATX (2+1) /3650,

ASSIGNMENT OF VALUES TO OMATX

OMATX(1¢N)=ASD

PROCESS ENERGY INDICES

FLOW(IN)=SMATX(2+151)
POW(NI=10.

ReTURN

ENU
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TRICKLING

Subroutine Identification Number 11

Trickling Filter - Final Settler, TRFS

1.

Process symbol.

ISl 0sl

052 (Sludge)

SECTION 12

FILTER - FINAL SETTLER, TRFS

Rev. Date 8/1/77

IS1: Liquid input stream
0S1: Liquid output stream
0S2: Sludge output stream
N: User assigned number to the process

Input parameters and nominal values.

DMATX(1,N) = BOD
DMATX(2,N) = DEGC
DMATX (3,N) = HQ
DMATX(4,N) = SAREA
DMATX(5,N) = URSS
DMATX(6,N) = XRSS
DMATX(7,N) = RECYCL
DMATX (8,N) = GSS
DMATX(9,N) = HEAD

DMATX (14,N) = ECF

DMATX(15,N) = ECF

DMATX (16,N) = ECF

Demand concentration of 5-day BOD in the final
effluent from the trickling filter process. [26.]

Water temperature, degrees Centigrade.[20.]

Hydraulic loading on the filter, based on sewage
flow and not recycly, mgd/acre,[10.]

Specific surface area of the filter, sq ft/cu ft.
[10.]

Ratio of solids concentration in 0S2 (underflow
stream) from the final settler to the total solids
concentration in the filter effluent.[2. ]

Ratio of solids concentration in the final settler
effluent to the solids concentration in the filter
effluent.[.6]

Trickling filter recycle ratio.[1.]

Design overflow rate for the final settler,
gpd/sq £t.[2000.]

Pumping head of the sludge return pumps, ft.[30.]

Excess capacity factor fot the sludge return
pumps.[1.5]

Excess capacity factor for the final settler.[1.2]

Excess capacity factor for the filter [1.2]

Output parameters which are printed on computer output sheets.

BOD = DMATX(1,N)
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DEGC = DMATX(2,N)
HQ = DMATX(3,N)
SAREA = DMATX(4,N)
URSS = DMATX(5,N)
XRSS = DMATX(6,N)
RECYCL = DMATX(7,N)
GSS = DMATX(8,N)
EEAD = DMATX(9,N)

AFS = OMATX(1,N)

VOL = OMATX(2,N)

FAREA = OMATX(3,N)

DEPTH = OMATX(4,N)
CCOST
COSTO
ACOST
TCOST

ECF

Surface area of the final settler, sq f£t/1000.
Trickling filter total volume, cu ft.

Area of the face of the filter, sq ft.

Depth of the trickling filter, ft.

Capital cost,[dollars]

Operating and maintenance cost,[cents/1000gal]
Amortization cost,[cents/1000gal]

Total treatment cost,[cents/1000gall

Excess capacity factor

Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

BODIN = SMATX(8,IS1)+SMATX(17,IS1)

BODIN = SBOD...+DBOD

ISl

BETA = .0245%1.035%* (DMATX (2,N)-20.)

BETA = 0.0245%[1.035]PEGC-20

XN = .91-6.45/DMATX (4,N)

6. 45
XN = . - —

FAREA = SMATX(2,IS1)/DMATX(3,N)*43560.

*43560

Q
FAREA=L

HQ

Q6 = DMATX(7,N)*SMATX(2,1S1)

6 = RECYCL*
Q QISl

TRF02000

[mg/1]

TRF02100

[constant]
TRF02200
[constant]
TRF08500

[£t2]

TRF02300

[MeD]
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RHQ = ((DMATX(7,N)+1.)*DMATX (3,N))**XN TRF02400

REQ = [ (RECYCL+1)#*HQI™ [McAD*™]
BOD = (SMATX(17,IS1)+DMATX(6,N)*SMATX(8,IS1))/DMATX(1,N) TRF02500
*
_ DBODISl+(XRSS SBODISl)
B BOD [no units]
0S1

DEPTH = RHQ*ALOG ( (BOD+DMATX(7,N))/(DMATX(7,N)+1.))/(BETA*DMATX(4,N))  TRF02600

_ __RHQ . _BOD+RECYCL
DEPTH = oo #SAREA"L® ~T+RECYCL (ft]
XPO = EXP (BETA*DMATX (4 ,N) *DEPTH/RHQ) TRF02700
BETA*SAREA*DEPTH
XPO = e
BODO = BODIN/(XPO*(DMATX(7,N)*(1.~1./XP0)+L.)) TRF02800
- XPO*[RECYCL* (1- 35A)+1] (mg/1]
XP0
DBODO = SMATX(17,I51)/(XPO* (DMATX(7,N)*(1.-1./XP0)+1.)) TRF02900
DBOD
151
DBODO = 1
XPOR[RECYCL* (1- —L)+1] [mg/1]
XPO
SBOD4 = BODO-DBODO TRF03000
BODIN-DBOD__
SBOD4 = - (ug/1]
XPO*[RECYCL* (1~ 355)+1]
TRF03100
SBOD5 = SBOD4*DMATX(6,N)
SBOD5 = SBOD4*XRSS [mg/1]
BETAN = .00307*%1,141%%(DMATX(2,N)-20.) TRF03200
BETAN = 0.00307*[1.lltl:]DEGC_20 [empirical parameter]
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XPON = EXP (BETAN*DMATX (4,N)*DEPTH/RHQ)
BETAN*SAREA*DEPTH
XPON = e RHQ

SON4 = SMATX(5,IS1)*SBOD4/SMATX(8,I51)

SON  x3BOD4
SON4 = ISl

SBOD
ISl

DN4 = (SMATX(13,IS1)+SMATX(5,1S1)-SON4)/(XPON+(XPON-1.)*DMATX(7,N))

DN_ _+4SON___-SO
15175% 151 Né

XPON+(XPON-1) *RECYCL

DN4 =

DN5 DN&

D -
NISl+SONISl SON4

DN5 =
XPON+(XPON-1)*RECYCL

SONS5 = SON4*DMATX(6,N)

SON5 = SON4*XRSS

SMATX(2,0S1) = SMATX(2,IS1)*(1.-DMATX(5,N))/(DMATX(6,N)-DMATX(5,N))

_ Qyqq*(1-URSS)
Qpgp = L1
XRSS-URSS
SMATX(2,052) = SMATX(2,IS1)*(1.-DMATX(6,N))/(DMATX (5,N)-DMATX(6,N))
2 . QISI*(I—XRSS)
052 yRSS-XRSS

SMATX (4,0S1) = SMATX(4,IS1)*DMATX(6,N)

SNBCOS = SNBCIS *XRSS

1 1

SMATX (4,082) = SMATX (4,IS1)*DMATX (5,N)

SNBC *

0S2 = SNBCISl URSS

SMATX(5,081) = SON5
SONOSl = SON5
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TRF03300

(empirical parameter]

TRF03400

(mg/1]

TRF 03500

[mg/1]

TRF03600
[mg/1]

TRF03700

[mg/1]

TRF04200

[MeD]

TRF04300

{MeD]

TRF04400

[meg/1]

TRF04500

[mg/1]

TRF04600

(mg/1]



TRF04700
SMATX(5,0S2) = SON4*DMATX(5,N)

SON = SON4*URSS
0s2

SMATX (6,0S1) = SMATX(6,IS1)*DMATX(6,N)*SBOD4/SMATX(8,1S1) TRF04800

o - SOP, ., *XRSS*SBOD4 -
0s1 SBOD o
SMATX(6,052) = SMATX(6,IS1)*DMATX(5,N)*SBOD4 /SMATX (8,151) TRF04900
SOP___*URSS* SBOD4
SOBogy = ;z;DUR ; (mg/1]
1s1

SMATX(7,0S1) = SMATX(7,IS1)*DMATX(6,N) TRF05000
SPMggy = STMpgy*XRSS (mg/1]

SMATX(7,082) = SMATX(7,IS1)*DMATX(5,N) TRF05100
SFMyg, = SPM_ . *URSS [mg/1]

SMATX(8,081) = SBOD4*DMATX(6,N) TRF05200
SBOD,q, = SBOD4*XRSS (mg/1]

SMATX(8,052)  SBOD4*DMATX(5,N) TRF05300
SBOD ., = SBOD4*URSS (mg/1]

SMATX(9,0S1) = SBOD4*DMATX(6,N)+SONS5+SMATX (4,IS1)*DMATX (6,N) TRF05400
VSS o) = (SBOD4XXRSS)+SONS+(SNBC, g, *XRSS) [mg/1]

SMATX (9,082) = SBOD4*DMATX(5,N)+SON4*DMATX (5,N)+SMATX (4,1S1)*DMATX(5,N) TRF05500

VSSyg, = URSS*(SBOD4+SONA+SNBC g, ) [mg/1]
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SMATX(10,0S81) = SMATX(9,0S81)+SMATX(7,051)+SMATX(6,051)

Tssosl = VSSOSI+SFM031+SOP051

SMATX(10,082) = SMATX(9,052)+SMATX(7,0S2)+SMATX (6,052)

TSSOS2 = VSSOSZ+SFM082+SOPOSZ

SMATX(12,0S1) SMATX (12,151)

DNBCosl = DNBCISl

SMATX(12,082) = SMATX(12,IS1)

DNBC =
082 DNBCISl

SMATX(13,0S1) = DN5

DNOSl = DN5

SMATX(13,0S2) DN5

DN =
082 DN5

SMATX(14,0S1) SMATX (14,IS1)+SMATX(6,IS1)*(1,-SBOD4/SMATX (8,IS1))

DP DP___+SOP__ *(1- SBOD4
os1 PrgytS0Prg*( SBOD_ | )

SMATX(14,082) = SMATX(14,0S1)

DP = DP
082 0s1

SMATX(15,0S1) = SMATX(15,1S1)

DFM = DFM
0s1 1S1

SMATX(15,052) = SMATX(15,I51)

DFM = DFM
0s2 Is1
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TRF05700
[mg/1]
TRF05800
(mg/1]
TRF05900
[mg/1]
TRF06000
(mg/1]
TRF06100
(wg/1]
TRF06200

[mg/1]

TRF06300

{mg/1]

TR¥ 06400

(mg/1]

TRF06500
[mg/1]
TRFO6600

(mg/1]



SMATX(16,0S1) = SMATX(16,IS1)

ALKOSl = ALKISl

SMATX (16,0S2) = SMATX(16,IS1)

ALK gy = AlKrgy

SMATX(17,081) = DBODO

DBOD = DBODO
0s1l

SMATX(17,082) = SMATX(17,081)

DB = DBO]
OD0S2 DO

SMATX(3,0S1) = (SBOD5+1.87*SMATX(4,0S1))/1.87

. %*
soc ) SBODS5+(1.87 SNBCOSI)
0s1 ~ 1.87

SMATX(3,082) = (SMATX(8,0S2)+1.87*SMATX(4,082))/1.87

SBOD __+(1.87*
o5yt (L+B7*SNBC_ )

SOCOSZ = a7

SMATX(11,081) = (DBODO+1.87*SMATX(12,081))/1.87

DBODO+(1.87*DNBC__ )
Doc - 081

082 1.87

SMATX(11,082) = SMATX(11,0S1)

poc__ =
052 = P%os1

SMATX(18,081) = SMATX(18,IS1)

MH3og1 = MH3g;

SMATX(18,0S2) = SMATX(18,1S1)

NH34g, = NH3pgy
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TRF06700
(mg/1]
TRF06800

(mg/1]

TRF06900
(mg/1]

TRF07000

(mg/1]

TRF07100

[mg/1]

TRF07200

[mg/1]

TRF07300

[mg/1]

TR¥07400

[mg/1]

TRF07500

[mg/1]

TRF07600

[mg/1]



TRF07700
SMATX(19,0581) = SMATX(19,1S1)

- [mg/1]
NO3)g; = NO3p¢) g
SMATX(19,082) = SMATX(19,IS1) TRF07800
= 1
O3y, = NO3pg; (mg/1]
7900
SMATX (20,0S1) = SMATX(20,1S1) TRFO
Future parameter [mg/1]
SMATX(20,082) = SMATX(20,1S1) TRF08000
Future parameter [mg/1]
PCR = (BODIN-DMATX(1,N))*100./BODIN TRF08600
pCR = (BODIN-BOD)*100 i1
BODIN
AFS  SMATX(2,IS1)*1000./DMATX(8,N)*DMATX(15,N) TRF08700
*1000%ECF
s - Q g, ¥1000¥EC o
GSS t
VOL = FAREA*DEPTH*DMATX (16,N) TRF08800
VOL  FAREA*DEPTH*ECF [£e3]

References

Roesler and Smith, 1969

5. Cost functions.
Trickling filter
a. Capital cost
Function of VOL

X = ALOG(VOL/1000.) TRF09400

- VOL
X = In 1550
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CCOST(N,1) = EXP(2.924951+,.036285%X+.114673*X**2,-,004587*X**3,)*1000. TRF09500

3

2.924951+0.036285X+0.114673X2-0.004587X [dollars]

CCOST = 1000e

b. Operating manhours, maintenance manhours, and materials/supplies costs

Function of Q;g;/HQ

X = ALOG(SMATX(2,IS1)/DMATX(3,N)*43560./1000.) TRF10200
*

X = 1n QISl 43560 [1n £e2 ]

HQ*1000 1000

(1) Operating manhours

OHRS = EXP(4.536510~,095731#%X+,173718%X**2, — 010114*X**3,) TRF10800
2 3
OHRS = e%+536510-0.095731xX+0,173718X"~0.010114X [hrs/yr]
(2) Maintenance manhours
XMHRS = EXP (4.312739-.052122%X+,157473%X**2 -, 010245%K%*3 ) TRF10900
_ 2_ 3
XMHRS = ef+312739-0.052122%40,157473%°~0.010245X [hrs/yr]
(3) Total materials and supplies
TMSU = EXP(5.105946+.465100+X) TRF11000
. +0.
TMSY = o3+105946+0.465100X [dollars/yr]
c. Total operating and maintenance costs
COSTO(N,1) = ((OHRS+XMHRS)*DHR* (1.+PCT)+TMSU*WPI)/SMATX(2,1)/3650. TRF11500
COSTO = L(OHRS+XMHRS)#*DHR* (1+PCT) J+(TMSUAWP) [cents/1000gal]
QPlant Inf.*3650
Final settler
a, Capital cost
Function of AFS

X = 1ln AFS
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CCOST(N,2) = EXP(3.716354+.389861%K+,084560%X*%2, -, 004718%X**3,)*1000. TRF12200

2 3
~0.004718X
CCOST = loooe3.716354+0.389861X+0.084560X 0.004 [dollars]

b. Operating manhours, maintenance manhours, and materials/supplies costs

Function of AFS/ECF

X = ALOG(AFS/DMATX(15,N)) TRF12900
_ . AFS

X 1n ECE
(1) Operating manhours
OHRS = EXP(5.846565+.254813%X+., 1137034X**2, ~, 010942%X**3 ) TRF13500

2 3

OHRS = o3 -846565+0.254813%+0.113703X°~0.010942X [hrs/yr]
(2) Maintenance manhours
XMHRS = EXP(5.273419+.228329%X+,122646%X*%2 —, 01167 2*KX**3,) TRF13600

2 3
.273419+0,228329%X+0.122646X°-0.0

MRS = &5 9+0 9%+0 46 11672X Ches/ye]
(3) Total materials and supplies
TMSU = EXP(5.669881+.750799%X) TRF13700

. 88 .

TMSy o5+ 66988140.750799X [dollars/yr]
c. Total operating and maintenance costs
COSTO(N,2) = ((OHRS+XMHRS)*DHR* (1,+PCT)+TMSU*WPI)/SMATX(2,1)/3650. TRF14200

_ [ (OHRS+XMHRS) *DHR* (1+PCT) ]+ (TMSU*WPI
COSTO = Q 3650 ) [cents/1000gal]
Plant Inf,
Waste sludge pumps
a. Capital cost
1 *
Function of QIsl ECF
X = ALOG(SMATX(2,IS1)*1.5%*DMATX(14,N)) TRF14800

X =1n QISl*l.S*ECF

114



CCOST(N,3) = EXP(3.481553+.377485%X+.093349%X*%2.~,006222*X**3,)*1000. TRF14900

2 3
CCOST = 1000e3.481553+0.377485X+O.093349X 0.006222X [dollars]

b. Operating manhours, maintenance manhours, and materials/supplies costs

Function of QISl

X = ALOG(SMATX(2,IS1)*1.5) TRF15700
X=1n (QISl*l.S)
(1) Operating manhours TRF16300
OHRS = EXP(6.097269+.253066*X~.193659%X*%2 +,078201*X**3,~,006680*K**4,)
2 3 4
OHRS = e6.097269+O.253066X-0.193659X +0.078201X7-0.006680X [hrs/yr]
(2) Maintenance manhours
XMHRS = EXP(5.911541-.013158*X+.076643*%X**2,) TRF 16500
2
XMHRS = e5.911541—0.013158X+0.076643X [hrs/yr]

(3) Kilowatt hrs per year
Pump efficiency - current values used in program; each can be changed by the
replacement on punched card.

PEFF

0.70 for Qpg,<1.44MGD TRF16800

PEFF = 0.74 for QISl<10.08MGD TRF17100

PEFF = 0.84 for Q;¢;210.08MGD TRF17300

YRKW = SMATX(2,1S1)*1000000,*HEAD/1440./3960./PEFF/.9% 7457%24 *365, TRF17400
QISl*lOOOOOO*HEAD*O.7457*24*365
~ T440%3960%PEFFA0. 9 [kilowatt/yrs]
(4) Energy cost
ECOST = YRKWDMATX(10,20) TRF17500
ECOST = YRKW*CKWH [doliars/yx]
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(5) Supplies

SCOST = EXP(5.851743+.301610%X+.197183%X**2,~,017962%X**3,) TRF17600

2 3
SCOST = e5.851743+0.301610X+O.l97183x -0.017962X [$/yr]

(6) Total materials and supplies
TMSU = ECOST+SCOST*WPI TRF17700

TMSU = ECOST+(SCOST*WPI) [dollars/yr]

c. Total operating and maintenance costs

COSTO(N,3) = ((OHRS+XMHRS)*DHR* (1.+PCT)+TMSU) /SMATX(2,1)/3650. TRF18200

cosTO = L(OHRS+XMHRS)*DHR* (1+PCT) J+TMSU

[cents/1000gal]
QPlant Inf.*3650
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TRF00100

TRICKLING FILTER ~ FINAL SETTLER TRF00200

PROCESS IDENTIFICATION NUMBER 11 TRF00300
TRFGOO400

SUBROUTINe TRFS TRF00500
TRF00600

TRF00700

COMMOIN INITIAL STATEMENTS TRF00800
TRF00900

INTEGER 051,052 TRF0O1000

COMMONN SMATX(20¢30) » TMATX(20+30) »DMATX(20+20) s OMATX(20+20)»IP(20)»TRF0O1100
1INP+IO»ISL1eIS290S1r0S2+N? IAERFICCOST(20¢5)pCOSTO(20+5)»ACOST(20+5)TRF01200
2*TCOST(20¢5) rUHRPCT+WP1sCLANDDLAND'FLOW(25) »POW(25) s TKWHD (25) TRF01300

TRF01400

TRF01500

PROCESS RELATIONSHIPS REQD. TO CALC. EFFLUENT STREAM TRF01600
CHARACTERISTICS TRF01700
TRF01800

HEADZUMATX(9rN) TRF01900
BUDINSSMATX (8¢ IS1)4SMATX(17¢151) TRF02000
BLTAZ.0240%1.035%* (DMATX(2¢N)=20.) TRF02100
XN=+91=6+45/DMATX (4 N) TRF02200
Qo=DMATX (79N) *SMATX (2¢151) TRF02300
RAGZ ( {DMATX(7+N)+1s )} *UMATX(3¢N) ) ®xXN TRF02400
BOD=(SMATX(17+1S1)+DMATX {69/ N) *SMATX(8+1S1) ) /DMATX(1¢N) TRF02500
DEPTH=RHQ*ALOG( (BOD+DMATX(7+N) )/ (UMATX(7¢N)+1.) )/ (BETA*DMATX (4N} ) TRF02600
XPO=EXP (BLTA*UMATX {4 ¢N) *DEPTH/RHQ) TRF02700
BOLO=BODIN/ (XPO* (DMATX(7¢N) % (1.=1./XP0O)+1.)) TRF02800
DBODO=SMATX (17¢IS1)/ (XPO* (DMATX(7/N)*(1e=1e/XPO)*1.)) TRF02900
SHOD4=B0ODUL=DBLDO TRF03000
SBODS=5SBOL4*DMATX (6 N) TRF03100
BETAN=,00307%1.141%%(DMATX(2/N)=20,) TRF03200
XPON=EXP (BETAN*DMATX (4 ¢+ N) *DEPTH/RHQ) TRF03300
SONUZSMATX (50 IS1) *SE00U/SMATX (8, IS1) TRFO03400
DNY=(SMATX (13, IS1)+SMATX(5,IS1)=SONG )/ (XPON+ (XPON=1,) *DMATX(7¢N)) TRFO03500
DNS=Dig TRF03600
SUNSZ50N4*DMATX (69 N) TRFG3700
TRF03800

TRF03900

EFFLUENT STREAM CALCULATIONS TRFO4000
TRFO4100

SMATX{2,051)ZSMATX{221S1)%(1,=DMATX(5/N) )}/ (LMATX(6sN)~DMATX(SeN)) TRFO4200
SMATX(29052) SSMATX(2r1S1) % (1. =DMATX(6sN} )/ (UMATX(5,N)=DMATX(6sN)) TRFO4300

SMATX (4+051)=SMATX (42 1S1)*DMATX(6sN) TRFO4400
SMATX{4,052)=SMATX (492 1S51) «DMATX(S5¢N) TRFO4500
SMATX(5,051)=50N5 TRFO4600
SMATX(50052) =SONY*DMATX (5N} TRFO4700
SMATX(6¢051)=SMATX{6r 1S1)*DMATX(6¢N) *SBODY/SMATX (8, 1S1) TRF04800
SMATX(60052) =SMATX(6r1S1)%DMATX(5¢N) *SBOD4/SMATX (89 1S1) TRFO4900
SMATX{T7,051)=SMATX(7+1S1)*DMATX(6/N) TRF05000
SMATX(7+052)=SMATX(7¢151) 2DMATX(5sN) TRF05100
SMATX(8+051)=5B0OD4*DMATX (6»N) TRF05200
SMATX(8+052)=5B0D4*DMATX(5/N) TRF05300
SMATX(9,051)=5BOD4*DMATX (62 N) +SONS+SMATX (49 1S1) #DMATX (69N} TRFU5400
SMATX(9,052)=5BODU*DMATX (51 N) +SON4*DMATX (S5eN) +SMATX (42 ISY) *DMATX(STRF05500
1eN) TRF05600
SMATX(10r0S1)=SMATX (92051 ) +SMATX(7+,051) +SMATX(6,0S1) TRF05700
SMATX(10¢052)=SMATX{9+052) +SMATX(7,052) +SMATX(6,052) TRF05800
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SMATX(12rUS1)=SMATX(12/,151)
SMATX(129,052)=SMATX(12/,1S1)

SMATX(13,0S1)=DNS

SMATX(13r052)=DN5
SMATX(14+051)=SMATX(14/,IS1)+SMATX{6,IS1)*(1,~SBOD4/SMATX(8,151))
SMATX(1490S2)=SMATX(14,051)

SMATX (159051 )=SMATX(15,1S1)
SMATX(1500S2)=SMATX(15+1I51)
SMATX{(16+051)=SMATX(16+IS1)
SMATX(1601US2)=SMATX(1b91IS1)
SMATX(17,0S1)=DBODO
SMATX(17:052)=SMATX(17,051)
SMATX(3+051)=(SBODUS+1.87*SMATX(490S1))/187
SMATX(3¢052)=(SMATX(8r052)+1.87+SMATX(4+052))/1.87
SMATX(111051)=(DBODO+1.87%SMATX(12,051))/1.a7
SMATX(119052)=SMATX(11,051)
SMATX(18/US1)=SMATX({16,»151)
SMATX(18+052)=SMATX (18,151}
SMATX(199r051)=SMATX(19+151)
SMATX(19sUS2)=SMATX(19,151)

SMATX (209051 )=SMATX(20»IS1)
SMATX(200052)=SMATX (20U, IS1)

CaLC. OF QUTPUT SIZES AND QUANTITIES
FAREAZSMATX(2¢IS1)/DMATX(3+N)%x43560,
PCR= (BODIN~-DMATX(1+N))*100./BODIN

AFS=SMATX (2, 151)%1000+«/DMATX(8¢N)*DMATX(15¢N)
VOL=FAREA*DEPTH*DMATX(167N)

CALC. OF CAPITAL COSTS FOR TRICKLING FILTER BASED ON
DESIGN PLUS EXCESS CAPACITY

XZALOG(VOL/1000.)

TRF05900
TRF06000
TRF06100
TRF06200
TRF06300
TRFO6400
TRF06500
TRF06600
TRF06700
TRF06800
TRF06900
TRFO07000
TRFO7100
TRF07200
TRF07300
TRF07400
TRF07500
TRF07600
TRFO07700
TRF07800
TRF07900
TRFO08000
TRF08100
TRF08200
TRF08300
TRFO8400
TRF08500
TRF08600
TRF08700
TRF08800
TRF08900
TRF09000
TRF09100
TRF09200
TRF09300
TRF09400

CCOSTUNPL)ZEXP(2+924951+.036285% X+, 114673%X%%2,.=¢004587*X*#3.)*100TRF09500

10.
CALC. OF OPERATING COSTS FOR TRICKLING FILTER BASED ON
DeSIGN CAPACITY ALONEr DOES NOT INCLUDE EXCESS CAPACITY
X=ALOG(SMATX(2¢IS1)/DMATX(3/N)*43560+71000.)
CALC. OF OPERATING MANHOURSs MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES
OHRSZEXP (4.530510=~4095731%X+.,173718#X%x%2.=,010114%X%%*3,)
XMHRSZEXP (4.312739~,022122% X+« 157473 % X*%2,~, 0102454 X*%3,)
TMSUZEXP(9,105946+,465100%X)
OPERATING COST EQUATION
COSTOUN?1)=({OHRS+XMHRS) *DHR* (1 . +PCT) +TMSU*WP1) /SMATX(2+1) /3650
CALC. OF CAPITAL COSTS FOR FINAL SETTLER BASED ON DESIGN
PLUS EXCESS CAPACITY

X=ALOG(AFS)

TRF09600
TRF09700
TRF09800
TRF09900
TRF10000
TRF10100
TRF10200
TRF10300
TRF10400
TRF10500
TRF10600
TRF10700
TRF10800
TRF10900
TRF11000
TRF11100
TRF11200
TRF11300
TRF11400
TRF11500
TRF11600
TRF11700
TRF11800
TRF11900
TRF12000
TRF12100

CLOST(N:2)=EXP(3-7163b“+-389861*X+.084560#1#*2.'-004718*X**3o)*IDUTRFIZZOO

10.
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CALC. OF OPERATING COSTS FOR FINAL SETTLER BASED ON
DESI6GN CAPACITY ALONEr DOES NOT INCLUDE EXCESS CAPACITY

XZALOG(AFS/DMATX(15¢N))
CALC. OF OPERATING MANHOURS* MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES
OHRSZEXP (5., 840565+.254813%X+,113703%Xx%2,=,010942%X%x%3,)
XMHRSZEXP(5.273419+,228329%X+.:122040%X%%2.~,011672%X%%3,)
TMSUSEXP(5.,669881+475u799%xX)
UPERATING COST EQUATION
COSTO(Ne2)=( (OHRS+XMHRS ) *DHR* (1, +PCT) +TMSU*wP]) /SMATX(2+1) /73650,
CaLC. OF CAPITAL COSTS FOR SLUDGE RETURN PUMPS BASED
ON DESIGN PLUS EXCESS CAPACITY

X=ALOV(SMATX(2rIS1) %1 . 5%DMATX (149N} )

TRF12500
TRF12600
TRF12700
TRF12800
TRF12900
TRF13000
TRF13100
TRF13200
TRF13300
TRF13400
TRF13500
TRF13600
TRF13700
TRF13800
TRF13900
TRF14000
TRF14100
TRF14200
TRF14300
TRF14400
TRF14500
TRF14600
TRF14700
TRF14800

CCOSTINP3IZEXP{3.481553+3TTUB5*X+.0933U*Xx%¥2,~+006222%X%*%*3.)*100TRF14900

10,

CALCs» OF OPERATING COSTS FOR SLUDGE RETURN PUMPS BASED
O DESIGN CAPACITY ALONE+ DOES NOT INCLUDE EXCESS
CAPACLTY

X=ALOG(SMATX(2sIS1)#1.5)

CALC, OF OPERATING MANHOURS* MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES

TRF15000
TRF15100
TRF15200
TRF15300
TRF15400
TRF15500
TRF15600
TRF15700
TRF15800
TRF15900
TRF16000
TRF16100
TRF16200

OHRS=EXP (0 097269+ 255066%X=e 1936595 Xx%2e+4, (78201 %X%*3.=.006680xX*TRF16300

1%4,)

XMHRS=EXP(5.911541=.013158%X+.076643%X%%2,)
X=ALOG(SMATX(2s151))

IF (SMATX(2¢1I51)=1.44) 10+,20+20

PEFF=.70

G0 TO 50

IF (SMATX(2¢151)=10.00) 30e40¢40

PLFF=.74

60 TO 50

PEFF=.83

TRF16400
TRF16500
TRF16600
TRF16700
TRF16800
TRF16900
TRF17000
TRF17100
TRF17200
TRF17300

YRKWSSMATX (29 1S1)*100U000.*HEAD/ 1440/ 3960 +/PEFF/e9% o 7US5T%24 %365, TRF17400

ECOST=YRKw*DMATX (10,20}
SCOSTZEXP(5.851743+.301610%X+.197183%X%42,=,017962%Xx**3,)
TMSU=ECOST+SCOST*wP]

OPERATING COST EQUATION

COSTOU(Ns3)=( (OHRS+XMHRS) *DHR* (1,+PCT)+TMSU) /SMATX(2,1) /3650,

ASSIGNMENT OF VALUES TO OMATX

OMATX (1sN}=AFS
OMATX(2:N)=VOL
OMATX (3¢ N)=FAREA
OMATX (4»N)=DEPTH

11¢

TRF17500
TRF17600
TRF17700
TRF17800
TRF17900
TRF18000
TRF18100
TRF18200
TRF18300
TRF18400
TRF18500
TRF18600
TRF18700
TRF18800
TRF18900
TRF19000
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PROCESS ENERGY INDICES

FLOW(N)IZSMATX(2,1IS1)
POW(N)=1l.

RETURN

END

120

TRF19100
TRF19200
TRF19300
TRF19400
TRF19500
TRF19600
TRF19700
TRF19800



SECTION 13
CHLORINATION - DECHLORINATION, CHLOR
Subroutine Identification Number 12

. D 8/1
Chlorination - Dechlorination, CHLOR Rev. Date 8/1/77

1. Process symbol.
IS1: Liquid input stream

Is1 0s1 0Sl: Liquid output stream

N: User assigned number to the process

2. Input parameters and nominal values.

DMATX (1,N) = DCL2 Dose of chlorine, mg/l. [8.]

DMATX(2,N) = TCL2 Chlorine contact time, minutes. [30.]

DMATX (3,N) = CCL2 Cost of chiorine, $/ton. [220.]

DMATX (4,N) = DSO2 Dose of sulfur dioxide, mg/l. [2.5]

DMATX (5,N) = €S02 Cost of sulfur dioxide, $/ton. [180.]

DMATX (14,N) = ECF Excess capacity factor for the sulfur
dioxide feed system. [1.2]

DMATX (15,N) = ECF Excess capacity factor for the chlorine
feed system. [1.2]

DMATX (16,N) = ECF Excess capacity factor for the contact
basin. [1.5]

3. Output parameters which are printed on computer output sheets.

DCL2 = DMATX(1l,N)
TCL2 = DMATX(2,N)
CCL2 = DMATX(3,N)
DS02 = DMATX(4,N)
CS02 = DMATX(5,N)
BVOL = OMATX(1,N) Volume of the chlorine contact basin,

[cu. ft.].
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CUSE = OMATX(2,N) Amount of chlorine used, [tons/yr].

SUSE = OMATX(3,N) Amount of sulfur dioxide used, [tons/yr].

CCOST Capital cost, [dollars].

COSTO Operating and maintenance cost,
[cents/1000 gall].

ACOST Amortization cost, [cents/1000 gall].

TCOST Total treatment cost, [cents/1000 gall.

ECF Excess capaclty factor.

4. Theory and functions -~ FORTRAN statement followed by equivalent algebraic equation.

BVOL = SMATX(2,IS1)*TCL2/1.44/7.48%1000.*DMATX (16,N) CHL03300

*TCL2%1000*ECF [ft3]
1.44%7 .48

Q
BvoL = 181

CUSE = SMATX(2,IS1)*DCL2%8.33%365./2000. CHL03400

* * *
Qg *DCL2*8. 334365

CUSE = [ tons/yr]

2000
SUSE = SMATX(2,1S1)*DS02*8.33%365./2000. CHL03500

*DS02%8.33*%365
2000

SUSE = QISl [tons/yr]

FACTR = CUSE/ (CUSE+SUSE) CHLO03600

FACTR = CUSE [no units]
CUSE+SUSE

0C = FACTR*0OHRS CHLO7800
0C = FACTR*OHRS
XC = FACTR*XMRS CHL07900
XC = FACTR*XMHRS
References:
Smith, 1969

Patterson and Banker, 1971
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5.

Cost functions.

a. Capital cost
Contact basin:

Function of BVOL

X = ALOG(BVOL/1000.) CHL04200
X = 1n BVOL
1000

CCOST(N,1) = EXP(2.048061+.521909%X~,002674*X**2,4+,004159*X**3,)*1000.

2 3 CHL04300
CCOST = 1000e2.048061+0.521909X-0.002674x +0.004159X [dollars]
Cl2 feed system:
CUSE = SMATX(2,IS1)*DCL2*8.33%365./2000. CHLO03400
Q.. ,*DCL2%8,33%365
CUSE = _1S1 [tons/yr]
2000
SUSE = SMATX(2,1S1)#*D502#8.33%365./2000. CHL03500
Q.. ,*DS02%8,33*%365
SUSE = Is1 [tons/yx]
2000
FACTR = CUSE/ (CUSE+SUSE) CHL03600
_ CUSE
FACTR = ~CUSETSUSE [no units]

Function of CUSE

X = ALOG(CUSE*2000./365.*DMATX (15,N)+SUSE*2000./365.*DMATX(14,N))

X = In((CUSE*ECF +SUSEECF )*2000) CHL05500
365
XCOST = EXP(2.264294—-.044271%X+.065029*X**2,~,002536*X**3,)*1000.
) 3 CHL05600
XCOST = 10Oer.264294—0.044271X+0.065029X -0.002536X [dollars]
CCOST(N,2, = FACTR*XCOST CHL06100
ccosT = —CUSE____ #xcosT [dollars]
CUSE+SUSE
802 Feed system (If used)
Function of SUSE
CCOST(N,3) = XCOST-CCOST(N, 2) [dollars] CHL10500

CCOSTS= XCOST—CCOSTC
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b. Operating manhours, maintenance manhours and materials/supplies costs
Function of (CUSE+SUSE)
X = ALOG (CUSE+SUSE) CHL06900
X = 1o (CUSE+SUSE)

(1) Operating manhours (C12+SO2 Feed Systems)

OHRS = EXP (4.538517+.543669%X) CHLO7000
OHRS = e4.538517+0.5103669X (hrs/yr]
(2) Maintenance manhours (Clz+SO2 Feed Systems)
XMERS = EXP(3.752071-.224812%%+. 158849*X%*2,~, 006064*X**3,) CHL07100
RS = o3+ 752071-0.224812X+0. 158849X7~0.,006064% [ hrs/ye]
(3) Total materials and supplies (Clz+SO2 Feed Systems)
TMSU = EXP(6.126105+.287016%X) CHL07200
TMSU = e6.126105+0.287016X [dollars/yr]
¢, Total operating and maintenance costs
Contact Basin:
Operating cost assumed zero
COSTO(N,1) = 0 CHLO4900
COSTO = 0 [cents/1000 gall
Cl2 Feed System
(1) Operating manhours
OC = FACTR*OHRS CHL07800
(2) Maintenance manhours
XC = FACTR*XMHRS CHL07900
(3) Total materials and supplies
TmSUC = CUSE*CCL2+FACTR*TMSU CHL08000
TMSUC = (CUSE*CCL2)+ (FACTR*TMSU) [dollars/yr]
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COSTO(N,2) = ((OCHXC)*DHR*(1.+PCT)+IMSUC)/SMATX(2,1)/3650. CHLO08500

COSTO = L (OCH+XC)*DHR* (1+PCT) +TMSUC [cents/1000 gall
Q %3650
Plant Inf.

502 Feed System (If Used)
(1) Operating manhours

0§ = OHRS-0C CHL11200
(2) Maintenance manhours

XS = XMHRS-XC CHL11300
(3) Total materials and supplies

TMSUS = SUSE*CS02+(1l.-FACTR)*TMSU CHL11400

TMSUS = (SUSE*CS02)+[ (1-FACTR)*TMSU] [dollars/yr]

COSTO(N,3) = ((OS+XS)*DHR*(1.+PCT)+IMSUS)/SMATX(2,1)/3650.  CHL12000

cosTo = L[(OS+XS)*DHR* (1+PCT) HTMSUS
Qjant Inf, *3650 [cents/1000 gal]
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CHLORINATION = DECHLORINATION
PROCESS IDENTLIFICATION NUMBER 12

SUBROUTINe CHLOR

COMMON INITIAL STATEMENTS

INTEGER 0510052

CHLOO0100
CHL00200
CHLOO0300
CHLOO400
CHLO00500
CHLOO600
CHLO0700
CHLO0800
CHLO0O0900
CHLO1000

CUMMON SMATX(20¢30) s TMATX(20r30) rDMATX(20020) +OMATX(20¢20)»IP(20)sCHLO1100
LINPolUPIS10IS2r0S1e0S2eNr IAERF2CCOST(20¢5) v COSTO(20¢5) »ACOST(20+5)CHLD1200

2¢TCOST(20+5) rGHRyPCT»wPI1+»CLAND»DLANDFLOW(25) s+ POW(25) » TKWHD(25)

ASSIGNMENT OF DESIGN VALUES TO PROCESS PARAMETERS

DCL2=UMATX(1+N)
TCL2ZUMATX(2¢N)
CCL2=UMATX(3¢N)
DS02=UMATX (4 N)
CSO2=UMATX (S¢N)

EFFLUENT STREAM CALCULATIONS
00 10 1=2+20
10 SMATX(I,051)=SMATX(]I+1S1)
CALC. OF OUTPUT SIZES AND QUANTITIES
BVOLSSMATX(2¢1S1)#TCL2/1+44/7.48%1000,*DMATX(16sN)
CUSEZSMATX(2¢1S1)*DCL2%B+33%365.72000,.

SUSE=SMATX(291S1)%xDS02%8¢33%365.72000,
FACTR=CUSL/ {CUSE+SUSE)

CALC. OF CAPITAL COSTS FOR CONTACT BASIN BASED ON DESIGN
PLUS EXCESS CAPACITY

X=ALOG(BVOL/1000,)

CHL01300
CHLO1400
CHLO1500
CHLO01600
CHLO1700
CHL01800
CHLO1900
CHL02000
CHL02100
CHL02200
CHL02300
CHLO2400
CHL02500
CHLD2600
CHLO2700
CHL02800
CHLO02900
CHLO03000
CHLO03100
CHL03200
CHL03300
CHLO3400
CHL03500
CHL03600
CHLO3700
CHLO3800
CHL03900
CHLO4000
CHLO%100
CHLO%200

CCOSTUNYLIZEXP(2.048001++521909%X=, 002674 %X %2+ ++004159%X*%*3¢) *100CHLO4300

10,

CALC. OF OPERATING COSTS FOR CONTACT BASIN
COSTO(N»1)=0.

CALC. OF CAPITAL COSTS FOR CHLORINE AND SULFUR DIOXIDE
FEED SYSTEMS bASED ON DESIGN PLUS EXCESS CAPACITY

X>ALOG(CUSE*2000¢/365+*DMATX (15:N)+SUSE*2000 /365 . *DMATX (14 N) )
XCOSTZEXP(2.264294-.0%4271*X+-065029*x**2.-.OOZSBb*X**B.)#1000-
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CALC. OF CAPITAL COSTS FOR CHLORINE FEED SYSTEM
CCOST(N+»2)SFACTR®XCOST
CALC+ OF OPERATING MANHOURS: MAINTENANCE MANHOURS AND
MATERLALS AND SUPPLIES FOR CHLORINE AND SULFUR DIOXIDE
FEED SYSTEMS BASED ON DESIGN CAPACITY ALONEs OOES NOT
INCLUDE EXCESS CAPACITY

X=ALOG(CUSE+SUSE)

. OHRSZEXP(4.538517+.543669%X)

20

30

XMHRSZEXP(3.752071-,224812%X+.158849%X*%2,-,006064%X*%3,)
TMSUSEXP(54126105+,287016%X)

CALC. OF OPERATING MANHOURS» MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES FOR CHLORINE FEED SYSTEM
OC=FACTR*OHRS

XC=FACTR*XMHRS
TMSUC=CUSL*CCL2+FACTR*TMSU

OPEARTING COST EQUATION FOR CHLORINE FEED SYSTEM
COSTOIN(2)=({OC+XC) #DHR* (1 .+PCT)+TMSUC) /SMATX(2,1) /3650,
CALC, OF CAPITAL AND OPERATING COSTS FOR SULFUR DIOXIDE
FEED SYSTEM
IF (DS02) 20+20+30
CALC., OF CAPITAL AND OPERATING CQSTS FOR SULFUR
DIOXIDE FEED SYSTEM IF NO $02 IS USED
CCOSTI(N»3)=0.

COSTO{(NI3)=0»
G0 TO 40

CALC. OF CAPITAL COSTS FOR SULFUR DIOXIDE FEED
SYSTEM IF ANY S02 IS USED
CCOST(N»3)=XCOST=CCOST(NI2)
CALC. OF OPERATING MANHOURS* MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES FOR SULFUR DIOXIDE FEED
SYSTEM
0S=0HRS-0L

XS=XMHRS=XC
TMSUS=ZSUSE*CS02+(1.~FACTR) *TMSU

OPERATING COST EQUATION FOR SULFUR DIOXIDE FEED
SYSTEM
COSTO(Ns3)={ (OS+XS) #DHR& (1 . +PCT) +TMSUS) /SMATX (201) /3650,

ASSIGNMENT OF VALUES TO OMATX

127

CHLO0S5900
CHLO6000
CHLO06100
CHL06200
CHL06300
CHLO640G
CHLO6500
CHL 06600
CHLO6700
CHL 06800
CHL06900
CHLO7000
CHLO7100
CHLO07200
CHLO7300
CHLO7400
CHLO7500
CHLO7600
CHLO7700
CHLO07800
CHLO7900
CHLO08000D
CHLO08100
CHL 08200
CHLOB8300
CHLOB400
CHLO0B8500
CHLOB600
CHLO8700
CHL 08800
CHLO08900
CHLO09000
CHLO9100
CHL09200
CHLO09300
CHL09400
CHLO9500
CHLO09600
CHLO09700
CHL09800
CHL09900
CHL10000
CHL10100
CHL10200
CHL10300
CHL10400
CHL10500
CHL10600
CHL10700
CHL10800
CHL10900
CHL11000
CHL11100
CHL11200
CHL11300
CHL11400
CHL11500
CHL11600
CHL11700
CHL11800
CHL11900
CHL12000
CHL12100
CHL12200
CHL12300
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40 OMATX(1¢NizZBVOL
OMATX(2+N)=CUSE
OMATX (3¢N)=SUSE

PROCESS ENERGY INDICES

FLOW(N)I=SMATX(2,1I51)
POw(N)=12.

RETURN

END
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CHL12400
CHL12500
CHL12600
CHL12700
CHL12800
CHL12900
CHL13000
CHL13100
CHL13200
CHL13300
CHL13400
CHL13500
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CTION 14

FLOTATION THICKENING, TFLOT

Subroutine Identification Number 13

Flotation Thickening, TFLOT

1.

Process symbol.

r-———-

IS1 (Sludge)

-

N

N
0S2 (Recycle)

IS2 (Wash water)
OPTIONAL

e

0S1

Input parameters and nominal values.

DMATX(1,N)

DMATX (2,N)

DMATX(3,N)

DMATX (4,N)

DMATX(5,N)

DMATX(6,N)

DMATX (7 ,N)

TRR

TSS

GTH

GSTH

HPWK

DPOLY

CPOLY

DMATX(15,N) = ECF

Rev. Date 8/1/77

IS1: Sludge input stream
IS2: Wash water input stream
0Sl: Sludge output stream
0S2: Recycle output stream

N: User assigned number to the process

Solids recovery ratio for thickening. {.95]

Total suspended solid concentration of 0S1,
mg/l. [40,000.]

Design overflow rate for the thickener,
gpd/sq fr. [1150.]

Design solids loading rate for the thickener,
1b/day/sq ft. L[48.]

Hours per week that the thickener is operated,
hr/wk. [100.]

Dose of polymer, lb/ton [10.]
Cost of polymer, $/ton. [.45]

Excess capacity factor for the process. [2.]

Output parameters which are printed on computer output sheets.

TRR

ISS

GTH

DMATX(1,N)
DMATX(2,N)

DMATX(3,N)

GSTH = DMATX(4,N)

HPWK = DMATX(5,N)

DPOLY = DMATX(6,N)
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CPOLY = DMATX(7,N)

ATHM = OMATX(1,N) Surface area of each flotation thickener used,
[sq ft.]

XN = OMATX(2,N) Number of flotation thickeners used.

ATHM1 = OMATX(3,N) Total required surface area for flotation

CCOST

COSTO

ACOST

TCOST

ECF

thickening, [sq ft].

Capital cost,[dollars].

Operating and maintenance cost, [cents/ 1000gal],
Amortization cost, [cents/1000 gall.

Total treatment cost, Lcents/1000 gall.

Excess capacity factor.

Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

SMAT(I) = SMATX(I, IS2) TFL02500
SMAT(I) = SMATX(I,IS2) (mg/1]
where I = 1,20 i.e. I,Q,SOC,SNBC,SON,SOP,SFM,SBOD,VSS,TSS,DOC,DNBC,DN,DP,DFM,
ALK ,DBOD,NH3 ,NO3
SMATX(10,0S1) = DMATX(Z,N) TFL02600
TSS = TSS [mg/1]

0s1

SMATX(2,0S1) = DMATX(1,N)*(SMATX(2,IS1)*SMATX(10,IS1)+SMAT(2)*SMAT(10))/SMATX(10,0S1)

1

TRR* {[qQ_ *7rss_ JlqQ__, *TSS
151 1Sl 152 1s2 [Map] TFL02700

0s1 TSS
0s1

ATH1 = (SMATX(2,IS1)*SMATX(10,IS1)+SMAT(2)*SMAT(10))*8.33/DMATX(4,N)*168./DMATX(5,N)

[Q g *T88 g, R *TSS_  148.33%168

ATH1 = __LS1 152 152 [£¢2] TFL02900
GSTH*HPWK
ARCY = ,00288*ATH1 TFL03400
ARCY  0.00288ATH1 [(MGD]
SMATX(2,IS2)  ARCY TFL03500
Qrg2 = ARCY (MGD]
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SMATX(2,0S2) = SMATX(2,IS1)+SMAT(2)-SMATX(2,081)

Qos2 = s1*Q1527%s1 [mep]

ATH2 = SMATX(2,052)*1000000./DMATX(3,N)*168./DMATX(5,N)
*1000000*%168 [ft2]
GTH*HPWK

ATH2 = Qg2

ATHM = ATH2*DMATX(16,N)

2
ATHM = ATH2*ECF [£e7]

ATHM = ATH1*DMATX(16,N)

2
ATHM = ATHL*ECF (£e]

TEMP = SMATX(2,IS1)*SMATX(10,IS1)+SMAT(2)*SMAT(10)
TEMP = [QISI*T55151]+[QISZ*TSSISZJ [MGD (mg/1)]
SMATX(10,082) = (TEMP-SMATX(2,081)*SMATX(10,081))/SMATX(2,052)

- *
TSS g, = TEMP (Q031 Tssom) [MGD (mg/1)]

QOSZ

TEMP = TEMP/(SMATX(2,IS1)+SMAT(2))

TEMP = TEMP
g1t U2 [mg/1]

TEMP1 = SMATX(10,0S1)/TEMP

TSS
TEMP1 = 0S1 [nO UﬂitS]
TEMP

TEMP2 = SMATX(10,0S2) /TEMP

TSS
082

TEMP

TEMP2 [no units]
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TFLO3700

TFLO3800

TFL04000

TFL04200

TFL04300

TFL04400

TFL04500

TFL04600

TFL0O4700



TEMP3 = (SMATX(2,IS1)*SMATX(I,IS1)+SMAT(2)*SMAT(I))/(SMATX(2,IS1)+SMAT(2))

*SMATX(T,IS1)+ Q__ *SMAT(I)
@ ¢ sy [mg/1] TFL05300

Is1

TEMP3
Qg1* Qs2

where I = 3,9 i.e. SOC,SNBC,SON,SOP,SFM,SBOD,VSS

SMATX(I,0S1) = TEMP1*TEMP3 TFL05500
SMATX (1,0S1) = TEMPLXTEMP3 [mg/1]
where I = 3,9
SMATX(I,0S82) = TEMP2*TEMP3 TFLO5600
(mg/1]

SMATX(I,082) TEMP2*TEMP3
where I = 3,9

SMATX(I,081) = (SMATX(I,XS1)*SMATX(2,IS1)+SMAT(I)*SMAT(2))/(SMATX(2,IS1)+SMAT(2))

[SMATX(I,IS1)*Q  J+[SMAT(I) *Q_ ]
181 2 [mg/1]  rprossoo

SMATX(I,0S1)
Qrs1* Uus2

where I = 11,20 i.e. DOC,DNBC,DN,DP,DFM,ALK,DBOD,NH3,NO3

SMATX(I,052) = SMATX(I,0S1) TFLO6000
SMATX(I,052)  SMATX(I,0S1) (mg/1]
where I 11,20
References:
Smith and Eilers, 1975
McMichael, 1973
Patterson and Banker, 1971
5. Cost Functions.
a. Capital cost
Function of ATHM
TFL09600

X = ALOG(ATHM)

X 1o ATHM
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1

~

¢3)

(3)

CCOST(N,1) = EXP(1.717538+.453735%X)*1000.*XN TFL09700

1.717538+0.453735X
CCOST = 1000XN*e [dollars]

Operating manhours, maintenance manhours, and materials/supplies costs
Function of ATHM*XN/ECF

X = ALOG(ATHM/DMATX(16,N)*XN) TFL10300

X = 1ln ATHM*XN
ECF

Operating manhours

OHRS = EXP(4.992517-.325053%X+.084026%X*%2,) TFL10900

2
. -0. +0.
OHRS = e4 992517-0.325053X+0.084026X [hrs/yr]

Maintenance manhours

XMHRS = EXP(4.832373-.336504%X+.083020%X**2,) TFL11000
2
4.8 -0.336504%X+0.08302
QMRS = e 32373-0.3365 0.083020X Chrs/yr]
Materials and supplies
HPD = EXP(-1.254959+.852347#X) TFL11100
-1. +0.
HPD = o L+254959+0.852347X
ELEC = HPD*4,54% (DMATX(5,N)/7.) TFL11200
ELEC = HPD*?.SA*HPEK [dollars/yr]
PWAS = (SMATX(2,IS1)*SMATX(10,IS1)+SMAT(2)*SMAT(10))*8.33 TFL11300
= * * *8,
PWAS [(QISl TssISl)+(QIS2 TSSISZ)] 33 [1b/day])
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POLC =~ PWAS*365./2000.*DMATX(6,N)*DMATX(7,N) TFL11400

PWAS*365*DPOLY*CPOLY
2000

POLC = [dollars/yr]
Total operating and maintenance costs

COSTO(N,1) = ((OHRS+XMHRS)*DHR*(1.+PCT)+ELEC+POLC)/SMATX(2,1)/3650.

TFL11900
[ (OHRS+XMHRS) *DHR* (1+PCT) J+ELEC+POLC

COSTO = { cents/1000gall
QPlant inf.*3650
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COOO0

OO0

TFLOOD100

FLOTATION THICKENING TFLO0200

PROCESS IDENTIFICATION NUMBER 13 TFLO0300

TFLOO4OOD

SUBROUTINe TFLOT TFLOO0S00
TFLO0600

TFLOODO700

COMMON INITIAL STATEMENTS TFLO080O

TFLO0900

INTEGER 051,052 TFLO1000
DIMENSION Y(12)SMAT(20) TFL0O1100
COMMON SMATX(20030)vTMATX(ZOvbO)'UMATX(ZO'ZU)oOMATX(ZUIZU)vIP(ZO)vTFLOIZUU
1INPoIOrISLeIS2r0S1r0S2eNe JIAERFPCCOST(20¢5)¢C0OSTO(20+5) rACOST(20+5S)TFLO1300
201COST(20+5) rUHRePCTowPI1#CLANDDLAND FLOW(25) s POW(25) » TKWHD (25) TFLO1400
DATA 1/25.150-v100.rlbO-'200-0250-v300.'MOO.0500o0600-!800.'1000-/TFL01500
TFLO1600

TFLO1700

PROCESS RELATIONSHIPS REQGD. TO CALC., EFFLUENT STREAM TFLO1800
CHARACTERISTICS TFLO1900

TFLO2000

DU 10 I=1,20 TFLO2100

10 SMAT(1)=0. TFLO2200
IF (I52) 40,40.20 TFLO2300

20 DO 30 I=1.,20 TFLO2400
S0 SMAT(I)=SMATX(I,1I52) TFLO2500
40 SMATX(10»US1)=DMATX(2¢N) TFLO2600
SMATX(2+051)ZDMATX{1rN) x(SMATX(2r1S1) xSMATX (10, IS1)+SMAT(2)*SMAT(1TFL0O2700
10))/SMATX(10r0S1) TFLO2800
ATHIZ(SMATX(2rIS1)2*SMATX(10¢IS1)4SMAT(2)%SMAT(10))%8.33/DMATX(4¢N)TFLO29GO
1%¥168+/DMATX(5¢N) TFLO3000
IF (I52) 60+50+60 TFLO3100

50 ARCY=U, TFL0O3200
60 TO 70 TFLO3300

o0 AKRCY=.002068*ATH1 TFLO3400
SMATX{2,152)=ARCY TFLO3500

70 SMAT(2)=ARCY TFLO3600
SMATX(29052)=SMATX(2¢1S1)4SMAT(2)=SMATX(2¢051) TFLO3700
ATH2=SMATA(200S2) *100U000+/DMATX(3»N) %168./DMATX(S,N) TFLO03800

IF (ATH1=ATH2) 80¢90¢90 TFLO03900

80 ATHM=ATH2*DMATX(16rN) TFLO4000
60 T0 100 TFLO4100

90 ATHM=ATHI*DMATIX(16¢N) TFLO4200
100 TEMP=OMATX(2¢1S1)%SMATX(10¢IS1)+SMAT(2)%SMAT(10) TFLO4300
SMATX{1000S2)=(TEMP=SMATX(2¢0S1)*SMATX(20,051))/SMATX(2+052) TFLO4400
TEMP=TEMP/ (SMATX(2+ IS1)+SMAT(2)) TFLO4500
TEMPI=SMATX(10+,0S1) /TEMP TFLO4600
TEMP2=SMATX(10/,052) /TEMP TFLO4700
TFLO4B00D

TFLO4W900

EFFLUENT STREAM CALCULATIONS TFLO5000

TFLO5100

DO 110 I1=39 TFL05200
TEMP3Z(SMATX(2s IS1)#SMATX(I+IS1)+SMAT(2)*SMAT(I) )/ (SMATX(2,1S1)+SMTFL 05300
1AT(2)) TFLOS400
SMATX(1+,051)=TEMPL*TEMP3 TFLOS500
110 SMATX(1+052)=TEMP2*TEMP3 TFLO5600
DU 120 I=11.20 TFLO5700

SMATX(I9051)=(SMATX(1»IS1)*SMATX (2, IS1)+SMATII)*#SMAT(2))/ (SMATX(2,TFLOSB00
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CcCOCOO cCOoOO00

OO0

OO0

OO0 0

120

130
140
150
1o0

170
180

190
200

210

220

250

240

11S13145MAT(2))
SMATX(1+052)3SMATX(190S1)

CALCs OF OUTPUT SIZES AND QUANTITIES

ATHM1=ATHM™

XN=0 e

XX=0,

K=0

DO 160 I=1r12

IF (ATHM=Y(I)}) 130013Ur140
ATHM=Y (1)

G0 TO 170

IF (I=-12) 160,150r160
ATHM=Y (12)

CONTINUE

IF (ATHM=25.) 180,180,190
ATHM=25.

XN=1e

GO TO 240

IF (ATHM1=-1000.) 230+230,200
XiN=ATHM1/1000.

K=XN

XA=K

IF ((XN-XX)%x1000.-500.) 210+210:220
XNZXX+e5

G0 TO 240

XN=XX+1.

GO TO 240

ATHM=ATHM/2.

XN=Z2 o

CALC. OF CAPITAL COSTS BASED ON DESIGN PLUS EXCESS
CAPACITY

X=ALOG (ATHM)
CCOSTINPL)ZEXP(1.717558++453735%X)%1000.%XN

CALC. OF OPERATING COSTS BASED ON D:ESIGN CAPACITY ALONE»
DUES NOT INCLUDE EXCESS CAPACITY

XZALOG(ATHM/DMATX (160 in) *XN)

CALC. OF OPERATING MANHOURS!' MAINTENANCE MANHOURS
ELECTRIC POWER AND POLYMER COSTS

OHRSZEXP(4,992517-.325053*X+.084026%xX*%2,)
XMHRSZEXP(4.832373~,306504%X+.083020%X*%2,)

HPDUZEXP (=1.254959+,852347%X)
ELECTHPD*4 . 54% (DMATX (5N} /74)
PwAS:(SMATX(ZoISl)tSMATX(lor151)+SMAT(2)*5MAT(10))*8.33
PULCTPWAS*365./2000.*UMATX(6¢N) %xDMATX(ToN)

UPERATING COST EQUATION

COSTO(N»1)=((QHRS*XMHRS) *DHR* (1, +PCT) +ELEC+POLC)/SMATX(2+1) /3650,

ASSIGNMENT OF VALUES TO OMATX

OMATX(1eN)ZATHM
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TFLO05900
TFLO6000
TFLO6100
TFL06200
TFLG6300
TFLO6400
TFLO6500
TFLO6600
TFLO6700
TFLO6800
TFLO6900
TFLO7000
TFLO7100
TFLG7200
TFLO07300
TFLO7400
TFLO7500
TFLO7600
TFLO7700
TFLO7800
TFLO7900
TFLO800D
TFLO08100
TFL0B8200
TFLO8300
TFLO8400
TFL08500
TFLO8600
TFLOB700
TFLO8800
TFLO8900C
TFLOS000
TFL09100
TFLO09200
TFL09300
TFLOS400D
TFLO09500
TFLO9600
TFLO9700
TFL09800
TFL 09900
TFL10000
TFL10100
TFL10200
TFL10300
TFL10400
TFL10S00Q
TFL10600
TFL10700
TFL10800
TFL10900
TFL11000
TFL11100
TFL11200
TFL11300
TFL11400
TFL11500
TFL11600
TFL11700
TFL11800
TFL11900
TFL12000
TFL12100
TFL1220Q
TFL12300
TFL12400
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OMATX (2+NJ)=XN
OMATX(3/N)=ATHM]

PROCESS ENERGY INDICES

FLOW(N)=SMATX(2¢1I51)
POW(N)=13.

RETURN

EnD
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TFL12500
TFL12600
TFL12700
TFL12800
TFL12900
TFL13000
TFL13100
TFL13200
TFL13300
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SECTION 15

MULTIPLE HEARTH INCINERATION, MHINC

Subroutine Identification Number 14

Rev. Date 8/1/77

Multiple Hearth Incineration, MHINC

1. Process symbol.

151

IS1: Liquid input stream

0s1 0S1l: Liquid output stream

N: User assigned number
to the process

2. Input parameters and nominal values.

DMATX(1,K)
DMATX (2,N)

DMATX(3,N)

DMATX (4,N)
DMATX (5,N)
DMATX(6,N)

DMATX(7,N)

DMATX(8,N)

ML

NINC

HPWK

SPER

TYPE

FC

DMATX(9,N) = CNG

DMATX(16,N) = ECF

Mass loading, lb/hr/sq ft of hearth area. [2.]
Number of multiple hearth incinerators. [1.]

Hours per week that the incinerators are operated
hr/wk. [35.]

Number of startup periods per week. [5.]
Wind velocity, mph. [0.]
Higher heat value for volatiles, Btu/lb. [10,000.]

Program control: type of fuel used; 1 = fuel oil,
2 = natural gas, 3 = digester gas. [1.]

Cost of fuel oil, $/gallon. [.30]
Cost of natural gas, $/1000 cu ft. [.97]

Excess capacity factor for the process. [1.]

3. Output parameters which are printed on computer output sheets.

OMATX (1,N)
OMATX (2,N)
OMATX (3,N)
OMATX (4,N)

OMATX (5,N)

1

FHA

WFYR

PSDD

ECOST

FCOST

Total hearth area, [sq ft].

Total fuel usage, [1b/yr].

Amount of dry solids to be incinerated, [lb/day].

Cost of electrical power to operate the incinerator, [$/yr]

Cost of fuel to operate the incinerator, [$/yx].
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4.

Operating and maintenance cost, [cents/1000 gal].

CCOST Capital cost, [dollars].

COSTO

ACOST Amortization cost, [cents/1000 gall.
TCOST Total treatment cost, [cents/1000 gal].
ECF Excess capacity factor.

Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

PSDD = SMATX(10,IS1)*SMATX(2,IS1)*8.33

PSDD = 8.33TSS1q Qo)

MHI02500

[1b/day]

FHAT = 58.31*SMATX(2,IS1)*SMATX(10,IS1)/DMATX(3,N)/DMATX(1,N)*DMATX(16,N)

FHAT = 58.31 QISl*T58151*ECF

2
WAL MHI02600 [£t4]
XX = FHAT/DMATX(2,N) MHI02800
xx = FHAT 2
NINC [£e™]
FHA = SFHA(I) MH 103100
FHA = SFHA(I) [£:2]
where I = 1,59
FHA = 3120 MHT03400 [£?]
CYT = 13.+.024*FHA (For FHA < 1700) MHI03900
CYT = 13+0.024FHA [hrs]
CYT = .09*(FHA-1100.) (For FHA < 2300) MHI04200
CYT = 0.09(FHA-1100) [hrs]
PASH = (SMATX(10,IS1)-SMATX(9,IS1))/SMATX(9,IS1) MHI04500

TS8151-VSS1g3
V88151

PASH =

HASH = 68.%*PASH

HASH = 68PASH
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[no units]

MHI04600

[BTU/1b dry Vvs]



PWAT = (1000000.-SMATX(10,IS1))/SMATX(9,1S1)

==lOOOOOO—TSSISl
VSSISl

PWAT

HWSL = 1404 ,3*PWAT

HWSL = 1404.3PWAT

SAREA = 64,03*%FHA** 51

SAREA = 64.03(FHa10 %!

VSPH = SMATX(9,IS1)*SMATX(2,IS1)%58.31/DMATX(3,N)

VSS1g1*Qrg1*58.31
HPWK

VSPH =

HC = 1.735%(1.+.374*DMATX(5,N))

HC = 1.735(1+0.374WV)

QIRAN = (1,279+HC)*100.*SAREA*DMATX(2,N) /VSPH

QTRAN = 100(1.279+HC) *SAREA*NINC
VSPH

QCOOL = 267.*FHA*DMATX (2,N) /VSPH

QCOOL = 267FHA*NINC
VSPH

QNET = 2725.+HASH+HWSL+QCOOLHQTRAN-DMATX (6 ,N)+246.

QNET = 2725+HASHHHWSL+HQCOOL+QTRAN~HV4246

TEMP = SMATX(9,IS1)*SMATX(2,1S1)%8,33%365.

TEMP = VSS 1*8.33*365

*
1517

QNET = QNET*TEMP

QNET = QNET*VSS1g1*Qqgq8.33%365

YSBH = 8.*%CYT/9.+8736.-52.*DMATX(3,N)*7./9.

*
vsp = 8L 4 g736 - 2ZEEEL

YHUH = 10.*CYT/9452.*CYT*DMATX(4,N) /9.

YHUH = 10CYT+(S§CYT*SPER)

140

MHI04700

[no units]

MH I04800

(BTU/1b dry Vs]

MHI04900

(£t2]

MHIQ05000

(1b dry vs/hr]
MHIO05100
[BTU/hr/£t2]

MHI(05200

[BTU/1b dry VS]

MHIQ5300

[BTU/1b dry VS]

MHIO5400

[BTU/1b dry vs]

MHIQ5700

[1b dry vS/yx]

MHIQ5800
[BTU/yr]

MHIO5900
[hr/yr]

MHIO06000

[hr/yr]



QHUP = YHUH*1913.*FHA*DMATX(2,N)

QHUP = YHUH*1913FHA*NINC

QSB = YSBH*315*FHA*DMATX(2,N)

QSB = 315YSBH*FHA*NINC

QTOT = QHUP+QSB+QNET

QTOT = QHUP+QSBHQNET

WFYR = QTOT/15019. (For oil)

R = QEUPHQSB+QNET
WFY 15019

FCOST = WFYR/7.481*DMATX(8,N)

WFYR*FC

FCOST = ~7.281

WFYR  QTOT/15581. kFor nat. gas)

_ QTOT
VIR = 15581

FCOST = WFYR/45,8*DMATX(9,N)

FCOST = QTOT*CNG
15581%45.8

CFDG = QTOT/8967./.0695 (For dig gas)

cFpe = QT0T
8967%0.0695

TYR = SMATX(10,IS1)*SMATX(2,IS1)*1.52

TYR = TSSpg1*Q. . *1.52

*
1s1
WION = 554.24/FHA%* 3572

WION = 554.24

0.3572
[FHA]

ECOST = WION*TYR*DMATX(10,20)

ECOST = WION*TYR*CKWH

DPTON = FCOST/(PSDD*365./2000.)

pPTON = FCOST _
365PSDD

2000

MHI06100

[BTU/yr ]

MHI06200

[BTU/yr]

MH 106300

[BTU/yr ]
MHI06900
[1b/yr]
MHIO7000
[dollars/yr]
MHIQ7700

[1b/yr]

MHI07800

[dollars/yr]

MHIQ8500

[£e3/yr]

MHI09100

MH 109200

MHI09300
[dollars/yr]

MHI09500

[dollars/ton]



References:
Patterson and Banker, 1971

Smith and Eilers, 1975
5. Cost functions,

a. Capital cost
Function of PSDD*ECF

X = ALOG(PSDD/24 .*DMATX(16,N)) MHI10500

X = 1n PSDD*ECF

CCOST(N,1) = EXP(2.377364+.598986*X)*1000. MHI10600

CCOST = 1000e2-377364+0,598986X [dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs

Function of PSDDxYSSIS1
TSS181

X = ALOG(PSDD*365./2000.* (SMATX(9,IS1)/SMATX(10,I51))) MHI11200

X ~ 1p 365PSDD#VSS151
2000TSStgq

(1) Operating manhours

OHRS = EXP(3.402537+1.215130%X~-.157203*X**2,+,009771%X**3,) MHI11800

OHRS  e3-402537+1.215130%-0.157203%%+0.009771x3
[hrs/yr]

(2) Maintenance manhours
XMHRS = EXP(3.906553+.702471%X~,088337#X*%2,4+,006827*X%*3,) MHI11900

XMHRS = e3-906553+0.702471X-0.088337X2+0.006827%3

(hrs/yr]
(3) Total materials and supplies
TMSU = EXP(7.864729-.338816%X+.054026%X%%2 ) MHI12000
= o7-864729-0.338816X+0.054026X2
TMSU = e [dollars/yr]
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c. Total operating and maintenance costs MHI12500

COSTO(N,1) = ((OHRS+XMHRS)*DHR* (1.+PCT)+TMSU*WPI+ECOST+FCOST) /SMATX(2,1)/3650.

COSTO = (OHRS+XMHRS)*DHR* (1+PCT)+(TMSU*WPI)+ECOST+FCOST
Qplant Inf. * 3650 [cents/1000 gal]
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MULTIPLE HEARTH INCINERATION
PROCESS IDENTIFICATION NUMBER 14

SUBROUTINE MHINC

COMMON INITIAL STATEMENTS

INTEGER 051,052
DIMENSION SFHA(59)

MHIO00100
MHI00200
MH1I00300
MHI00400
MHIO00500
MHI00600
MHIC0700
MHI00800
MHI00900
MHIC1000
MHIO01100

COMMON SMATX(20030)»TMATX(20030) rDMATX(20,20) »OMATX(20+20) 2P (20)+MHI01200
1INPsI0rIS1e1S2e0S190S2eN? IAERF P CCOST(2005)rCOSTO(20+5)9ACOST(2005)MHI01300

2¢7COST(20+5) rUHR*PCTewPIvCLAND»DLAND»FLOW(25)sPOW(25) » TKWHD (25)

MHIO1400

DATA SFHA/85¢998¢¢112¢¢125¢912649140+7145.716649187.1193.9208,9225MHI01500
1"2560'270!'2580'319.'3230'3510'36“.'383!'411.’“52.'5100'560"575.MH101600
2'b72.l760.'bqbc'857.'9“40'9880'10“1.'1068.'11170'1128.'12“9.'1260-MH101700
3'1266.'1“00.'1“10"1“530'15“00’1580.'1591-'1660-'16750!1752.'18“90MH101600
411875401933412060492084.920904.¢2275,92350.72464,92600492860,23120.MH101900

5/

CALC. OF QUTPUT SIZES AND QUANTITIES

PSUD=5SMATX (10, IS1) *SMATX(2¢1S1)%8.33

MHI02000
MH102100
MHI02200
MHI02300
MHIC2400
MHI02500

FHAT=58+31*SMATX(2+1S1)*SMATX (109151} /DMATX (3+N)/DMATX (1 +N)*DMATX(MHI02600

lloriy)

XX=FHAT/DMATX(2¢N)

DU 20 I=1,59

IF (XX=SFHA(I)) 10010,20

FHAZSFHA(1)

GO TO 30

CONTINUE

FHA=3120.

IF (FHA=200.) 40+40+50

CYT=18.

6u TO 100

IF (FHA=1700.) 60¢60¢70

CYT=13.+.024*%FHA

G0 TO 100

IF (FHA=2300+) 80080190

CYT=409% (FHA=1100.)

GO TO 100

CYT=1uB.

PASH=(SMATX (109 IS51)=SMATX(9+1S1))/SMATX(S+I51)
HASH=oB . *PASH
PWAT=(1000000,~SMATX(10+151))/SMATX(9,1S1)
HWSL=1404 . 3%PwAT

SAERA=64+03%FHAX*,5]1

VOPHISMATX (99 1S1)*SMATX (29 151) %58.31/7DMATX(3N)
HCS1e735%(1.443742DMATX(SIN) )
OTRAN=(1+279+HC) *100+ *SAERAXDMATX (29 N) /VSPH
QCO0L=267 « *FHAXDMATX {21 N} /VSPH

ONETZ2725. +HASH+HASL+GCOOL+QTRAN=DMATX (67 N) +246.,

IF (QNET) 110,110,120

QNET=U,

TEMP=SMATA (92 1S1) #SMATX (20 151)%8,33%365.,
QNET=uNET*TEMP
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MHIG2700
MHI02800
MHI02900
MHI03000
MHI03100
MHI03200
MHI03300
MHI03400
MHI03500
MHI03600
MHIG3700
MHI03800
MHI03900
MHI04000
MHI04100
MHI04200
MH104300
MHI04400
MHIO04500
MHIO4600
MHI04700
MHI04800
MHI04900
MHI0S000
MHI05100
MH105200
MHI05300
MHIOS5400
MHI05500
MHI05600
MHI05700
MHI05800
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YSBHZ8.#CYT/ 9. +8736¢ 52 *UMATX (39N} %xT7./9,
YHUH=10 e *CYT/9,+52. sCYT*DMATX (49N} /9,
QHUPSYHUH21913 . xFHA*DMATX (2+N)
QSB=YSBH*315 *FHASDMATX(2¢N)
QTOT=QHUP+QSB+GNET

CALC. OF FUEL COSTS IF FUEL OIL IS USED

IF (DMATX(7sN)=1s) 1300¢130+140
WFYR=GTOT/15019.
FCOSTEWFYR/7+481*%DUMATX (8N}

G0 TO 180

CALC. OF FUEL COSTS IF NATURAL GAS IS USED

IF (DMATX(7/N)=2+) 150¢150+160
WFYR=wTOT/15561,
FCOST=WFYR/45,8%DMATX(9sN)

60 70 180

CALC. OF FUEL COSTS IF DIGESTER GAS 1S USED
IF (DMATX(7+N)=3.) 1700170,180
CFDG=uTOT/8967./.0695
FLOST=0.

CALC. OF ELECTRICAL POWER COSTS
TYRSSMATX(10¢1S1)#SMATX(2,151)%1,52

WTON=55424/FHA%*,3572
ECOST=WTON*TYR*DMATX(10020)

RATIO OF FUEL COST TO AMOUNT OF DRY SOLIDS To BE

INCINERATED
DPTON=FCOST/(PSDD*365./2000.)
CALC. OF CAPITAL COSTS BASED ON DESIGN PLUS EXCESS
CAPACITY

X=ALOG (PSUD/24 + DMATX (16 +N) )
CCOSTINPL)ZEXP (2,377304++5989864X) #1000,

CALC. OF OPERATING COSTS BASED ON DESIGN CAPACITY ALONEs

DUES NOT INCLUDE EXCESS CAPACITY
X=ALOG (PSUD*365+/2000+* {SMATX(9+,IS1)/SMATX(10,151)))

CALC. OF OPERATING MANHOURSr MAINTENANCE MANHOURS

AND MATERIALS AND SUPPLIES

OHRSZEXP (3, 402537+1.215130%X=0157203%x*%2,+,009771%xX*%3,)
XMHRSZEXP(3:906553+,7U2471%X=.088337*X*%2,+,006827*X*%3,)
TMSUSEXP (7. 8647290 336816%X+,054026%X*%%2,)

OPERATING COST EQUATION
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MHIO05900
MHI06000
MHI06100
MHI06200
MHI06300
MHI06400
MHI06500
MHI06600
MHI06700
MH106800
MHIO06900
MKI07000
MHIO07100
MH107200
MHIOD7300
MHIO7400
MHIO7500
MHID7600
MHI07700
MHI07800
MHI07900
MHI08000
MHI08100
MHI08200
MHI08300
MHIOB8400
MHI08500
MHI08600
MHI08700
MHI08800
MH108900
MHI09000
MHI09100
MH109200
MHI09300
MHIO09400
MHIO09500
MH109600
MHI09700
MHI09800
MH109900
MHI10000
MHI10100
MHI10200
MHI10300
MHI10400
MHI10500
MHI10600
MHI10700
MHI10800
MHI10900
MHI11000
MHI11100
MHI11200
MHI11300
MHI11400
MHI11500
MHI11600
MHI11700
MHI11800
MHI11900
MHI12000
MHI12100
MH112200
MHI12300
MHI12400
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COSTO(N? 1) =( (OHRS+XMHRS ) *DHR* (1, +PCT) + TMSU*WPI+ECOST+FCOST) /SMATX (MHI12500

12+1)/3650.

ASSIGNMENT OF VALUES TO OMATX

OMATX(1+N)=FHA
OMATX(2¢/N)=wFYR
OMATX(3+N)=PSDD
OMATX{4/NI=ECOST
OMATX(SeN)=FCOST
OMATX(6+/N)=CFDG

PROCESS ENERGY INDICES

FLOWIN)=SMATX(2,151)
POW(NI=14.,

RETURN

END
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MHI12600
MHI12700
MHI12800
MHI12900
MHI13000
MHI13100
MHI13200
MHI13300
MH113400
MHI13500
MHI13600
MHI13700
MHI13800
MH113900
MHI14000
MHI14100
MHI14200
MHI14300
MHI14400



SECTION 16
RAW WASTEWATER PUMPING, RWP
Subroutine Identification Number 15

Raw Wastewater Pumping, RWP Rev. Date 8/1/77

1. Process symbol.

IS1: Liquid input stream
0Sl: Liquid output stream

Is1 081 N: User assigned number to the process

2. Input parameters and nominal values.

DMATX(1,N) = HEAD Pumping head of the influent pumps, ft. [30.)

DMATX (16,N) = ECF Excess capacity factor for the pumps. [1.]

3. Output parameters which are printed on computer output sheets.

HEAD = DMATX(1,N)

QP = OMATX(1,N) Peak flow capacity of the raw wastewater pumping
system, [MGD].

CCOST Capital cost, [dollars].
€OSTO Operating and maintenance cost,[cents/1000gal].
ACOST Amortization cost,[cents/1000gal].
TCOST Total treatment cost,[cents/1000gal].
ECF Excess capacity factor.
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4, Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

SMATX(I,0S1) = SMATX(I,IS1) RWP01900
SMATX(I,0S1) = SMATX (I,ISl) [mg/1]
HEAD = DMATX(1,N) RWP02400

HEAD = DMATX (1,N) [fe.]

.92
QP = 1.78*SMATX(2,IS1)**,92 QP = 1.78[QISl]0 [MGD]
RWP02500
Pump Efficiency - Current values used in program; each can be changed by

the replacement on punched card.

PEFF = 0.70 for lel<l.44 MGD RWP04900
PEFF = 0.74 for QISl<10.08 MGD RWP05200
PEFF = 0.83 for QISl >10.08 MGD RWP05400

References:

Patterson and Banker, 1971

5. Cost functions,
a. Capital cost
Function of QP * ECF
X  ALOG(QP*DMATX(16,N)) RWP03100

X = In (QP * ECF)

CCOST(N, 1) EXP (4,004828+,519499*%X+,082262*%X**2,-,006492%X*%3,)%1000.
RWP03200
[dollars]

2 3
CCOST = 1000%e 004828+, 519499%+,082262X -, 006492K

b. Operating manhours, maintenance manhours and materials/supplies costs

Function of Q

151
X = ALOG(SMATX(2,151)) RWP03900
X In Q)
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c.

(1) Operating manhours

OHRS = EXP(6.097269+.253066%X~.193659*X**2 ,+,078201*X**3,-,006680%X**4 )

2 3 4 RWP04500
OHRS = e6.097269+O.253066X—0.193659X +0.078201X"-0.006680X [hrs/yr]
(2) Maintenance manhours
XMHRS = EXP(5.911541-.013158*X+.076643*%X**2,) RWP04700
2
. -0. +0.
QRS = e5 911541-0.013158%X+0.076643X [hrs/yr]

(3) Kilowatt hrs per year

YRKW = SMATX(2,1S1)*1000000.*HEAD/1440./3960./PEFF/.9%,7457%24,%365,

RWP05500
* * *24%
- QISl 1000000HEAD*, 7457%24%365 [Ker/er
1440%3960*PEFF*0.9
(4) Energy cost
ECOST = YRKW*DMATX (10, 20) RWP0O5600

ECOST = YRKW*CKWH [dollars/yr]

(5) Supplies cost

SCOST = EXP(5.851743+.301610%X+,197183*X**2,-,017962*4X**3,) RWP05700

5+851743+0, 301610%+40. 197183%2-0.017962%°

SCOST = fdollars/yr]
(6) Total materials and supplies
TMSU = ECOST + SCOST * WPI RWP05800

TMSU = ECOST + (SCOST * WPI) [$/yr]

Total operating and maintenance costs

COSTO(N,1) = ( (OHRS+XMHRS ) *DHR* (1.+PCT)-+TMSU) /SMATX (2, 1)/3650.
RWP06300
COSTO = _ (OHRS+XMHRS)*DHR* (1 +PCT)+TMSU [cents/1000gal]
Q *3650
Plant Inf.

Cost curves, Patterson and Banker pages 34, 83, 84
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RwP00100

RAW WASTEWATER PUMPING RwWP00200

PROCESS IDENTIFICATION NUMBER 15 RwP00300
RwPOO400

SUBROUTINE RWP RwP00500
RWP00600

RwP00700

COMMON INITIAL STATEMENTS RwP008B00
RwWP00S00

INTEGER 051,052 RwP010600

CUMMON SMATX(20+30) ¢+ TMATX(20¢30) v OMATX(20020) rOMATX (20+20)»1P(20) »RWP01100
1INPrIUPIS1rIS210S1ruS2INe JIAERFCCOST(2005) ¢ COSTO(20+5)+ACOST(20+5)RWP01200
2'TCOST(20+5) sUHR*PCTewPI+CLAND/DLANDFLOW(25) +POW(25) ¢ TKWHD(25) RwP01300

RWPO1400

RwP01500

EFFLUENT STREAM CALCULATIONS RwP01600

RwP01700

DC 10 I=2,20 RwPC1800

10 SMATX(I+051)=SMATX(Is1IS1) RwP01900
RWP02000

RwP02100

CALC. OF OUTPUT SIZES AND QUANTITIES RwP02200

RWP02300

HEADZUMATA(1¢N) RWP02400
QP=1+78*SMATX(2,151)%%,92 RWP02500
RwP02600

RWP02700

CalL.C. OF CAPITAL COSTS BASED ON DESIGN PLUS EXCESS RWP02800

CAPACITY RwWP02900

RWP03000

X=ALOG (QP*DMATX (16+N)) RWP03100
CCOST(NPL)IZEXP (4+004828++519499%X+,082262*X#x%*2,~+0064922X*%3.)+100RWP03200
10. RwWP03300
RwP03400

RWP03500

CALC. OF OPERATING COSTS BASED ON DESIGN CAPACITY ALONE: RwP03600

DUES NOT INCLUDE EXCESS CAPACITY RwP03700

RwP03800

X=ALOG(SMATX(2,IS1)) RwP03900
RWP0O4000

RWPO4100

CALC. OF OPERATING MANHOURS® MAINTENANCE MANHOURS RwP04200

AND MATERIALS AND SUPPLIES RWPO4300

RWPO4400

OHRSZEXP (640972694 :255066%X=¢ 193659 X##2,. 4, 078201 %X*%3,=, 000680+ X *RwP04500
1%4,) RWPO4600
XMHRS=EXP(5,911541=,013158%X+.076643%Xx%%2,) RwPO4700

IF (SMATX(2,151)=1.44) 20,3030 RwPO4800

20 PEFF=.70 RWP04900
G0 T0 60 RWP05000

30 IF (SMATX(2:1S1)=10.08) 40¢50050 RWP05100
40 PLFF=.74 RwP05200
GO TO 60 RwP05300

50 PEFF=.83 RwP0S400
00 YRKW=SMATX(2¢1S1)%100U000,*HEAD/14404/3960¢/PEFF/ Q% ., 745724 +%365,RWP05500
ECUSTZYRKw*DMATX(10s2u) RWP05600
SCOSTZEXP(5,8517434,301610%X+.1971832X*%%2,=,017962*x%%3,) RwWP05700
TMSUZECOST+SCOST*WP] RwWP05800
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UPERATING COST EQUATION
COSTO(N?1)=((UHRS+XMHRS ) *DHR* {1 . +PCT) +TMSU} /SMATX (2+1) /3650,

ASSIGNMENT OF VALUES TO OMATX

OMATX(1sN) =GP

PROCESS ENERGY INUICES

FLOW(N)=SMATX (2,151}
POW(N}=15.

RETURN

END
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RwP05900
RwP06000
RwP06100
RwP06200
RwP06300
RwP0O6400
RwP06500
RwP06600
RwP06700
RwP06800
RwP06900
RwP07000
RwPG7100
RwP07200
RwP07300
RwPO7400
RwP07500
RwP(07600



SECTION 17

SLUDGE HOLDING TANKS, SHT
Subroutine Identification Number 16

Rev. Date 8/1/77
Sludge Holding Tanks, SHT

1. Process symbol.

iSl: Sludge input stream

0S1l: Sludge output stream
ISl Sl

N: User assigned number to the process

2. Input parameters and nominal values.

DMATX(1,N) = TD Sludge holding tank detention time, days.
[15.]

DMATX (16,N) = ECF Excess capacity factor for the process.
1.1

3. Output parameters which are printed on computer output sheets.

TD = DMATX(1,N)

VSHT = OMATX(1,N) Volume of the sludge holding tanks, cu ft/
1000.

CCOST Capital cost, [dollars].

COSTO Operating and maintenance cost,

[cents/1000 gal],

ACOST Amortization cost, [cents/1000 gall.
TCOST Total treatment cost, [cents/1000 gall.
ECF Excess capacity factor.

4. Theory and functions - FORTRAN statement followed by equivalent algebraic equation.
SMATX(I,081) = SMATX(I,IS1) SHT01900
SMATX(I,081) = SMATX(I,IS1) [mg/1]

where I = 2,20

i.e. Q, S0C, SNBC, SON, SOP, SFM, SBOD, VSS, TSS, DOC, DNBC, DN, DP, DFM,
ALK, DBOD, NH3, NO3

152



VSHT = SMATX(2,IS1)*DMATX(1,N)*1000./7.48*DMATX (16,N) SHT02400

*TD*ECF *1000
VSHT = %51

3
f 00
7.48 [££7/1000]

V1 = SMATX(2,IS1)*DMATX (1,N)*1000./7.48 SHT03800

*TD*1000

[£e3/1000]
7748

vVl = QISI

References:
Smith and Eilers, 1975

Patterson and Banker, 1971

5. Cost functions.,
a. Capital cost
Function of VSHT
X = ALOG(VSHT) SHT03000
X = 1n VSHT

CCOST(N,1) = EXP(2.625751+.484180*X+,000613%X**2,4+.002252%X**3,)*1000,
SHT03100
[dollars]

2 3
CCOST = 1000e2.625751+0.484180X+0.000613X +0.002252X

b. Operating manhours, maintenance manhours and materials/supplies costs
Function of V1
X = ALOG(V1) SHT03900
X=1n (V1)

(1) Operating manhours

OHRS = EXP(5.727345+.000762*%+.098701%X**2,—,006786%X**3,) SHT04500
2 3
OHRS = e5.727345+0.000762X+0.098701X -0.006786X [hrs/yr]
(2) Maintenance manhours
XMHRS = EXP(4.506628+,214662%X+,0714024%X*%2,—, 004681*X**3,) SHT04600
2 3
QMRS = e4.506628+0.214662X+0.071402X -0.004681X [hrs/yr]
(3) Total materials and supplies
TMSU = EXP(5.479939+.299282%X+, 106008*X**2,~,008658%X**3,) SHT04700
2 3
TMSU = e5.479939+0.299282X+0.106008X -0.008658X [dollars/yr]
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¢. Total operating and maintenance costs SHT05200
Ve

COSTO(N,1) = ((OHRS+XMHRS)*DHR* (1,+PCT)+IMSU*WPI)/SMATX (2,1)/3650.

[ (OHRS+XMHRS ) *DHR* (1+PCT) ]+ (TMSU*WPI)

COSTO = [cents/1000 gall
*
QPlant Inf, 3650

Cost curves, Patterson and Banker pages 46,98,99

154



oOO0O0 [aN eNaNal OO0 OO0 (s Xl oK o

[N N oN o} OO0 O0 [N aNaX ol ol

[g] ocoO0On

SLUDGE HOLDING TANKS
PROCESS IDENTIFICATION NUMBER 16

SUBROUTINE SHT

COMMON IN1TIAL STATEMENTS

INTEGER 051,052

SHT00100
SHT00200
SHT00300
SHT00400
SHT00500
SHT00600
SHT00700
SHT00800
SHT00900
SHT01000

CUMMOIN SMATX(20¢30) ¢ TMATX(20¢30) DMATX(20+20) +OMATX(20+20) ¢ IP(20)+SHTO1100
LINP,»IOrISLr1S£+0S19e0S2/Nr IAERF/CCOST(20+5)9C0OST0(20+5)2AC0OST(20+5)SHT01200

2¢TCOST(20¢5) vUHR*PCT+wPI»CLAND»DLAND»FLOW(25) yPOW(25) » TKWHD (25)

EFFLUENT STREAM CALCULATIONS
DO 10 I=2+20

10 SMATX(I»0S1)=SMATX(Iv»IS1)

CALCs OF OUTPUT SJIZES AND QUANTITIES
VSHT=SMATX(22151) *DMATX(1sN)*10004/7.48«DMATX(16?N)

CALCs OF CAPITAL COSTS BASED ON DESIGN PLUS EXCESS

CAPACITY

X=ALOG (VSHT)

SHTU1300
SHTO1400
SHT01500
SHT01600
SHT01700
SHT01800
SHT01900
SHT02000
SHY02100
SHT02200
SHT02300
SHT02400
SHT02500
SHT02600
5HT02700
SHT02800
SHT02900
SHY03000

CCOSTINI1)ZEXP(2+625751+4484180%X+.000613#X5%2,+.002252%X**3,)*100SHT03100

10,
CALC. OF OPERATING COSTS BASED ON DESIGN CAPACITY ALONE.
DOES NOT INCLUDE EXCESS CAPACITY
VISSMATX(2r1S1)*DMATX(1+N)*1000,/7.48
XZALOG (V1)
CALC., OF OPERATING MANHOURS» MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES
OHKS=EXP (5. 727345+ 00U762%X+.098701%X*%2.=,006786%X%%3,)
XMHRS=ZEXP (4 .506628+.214662%X+.071402%X*%2,=,004681%X**3,)
TMSUSEXP(5+479939+.,299282%X+.106008+X%%2+=0 Y066584X¥%3,)
OPERATING COST EQUATION

COSTO(Ns1}=( (OHRS+XMHRS) *UHR* (14 +PCT) +TMSU*wP1) /SMATX(2¢1) /3650,

ASSIGNMENT OF VALUES TO OMATX
OMATX(1¢N)=VSHT
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SHT03200
SHT03300
SHT03400
SHT03500
SHT03600
SHT03700
SHT03800
SHT03900
SHTO4000
SHT04100
SHT04200
SHTO4300
SHTO4400
SHTO4500
SHTO04600
SHTO04700
SHT04800
SHT04900
SHT05000
SHT05100
SHT05200
SHT05300
SHT05400
SHT05500
SHT05600
SHT05700
SHT05800



OO

PROCESS ENERGY INDICES

FLOW(N)=SMATX(2+1IS51)
PUW(NI=16,

RETURN

END
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SHT05900
SHT06000
SHT06100
SHT06200
SHT06300
SHT06400
SHT06500



SECTION 18
CENTRIFUGATION, CENT
Subroutine Identification Number 17

Centrifugation, CENT Rev. Date 8/1/77

1. Process symbol.
052 (gecycle)

IS1: Sludge input stream

0S1: Sludge cake output stream

Is1 081
0S82: Centrate output stream

N: User assigned number to the process.

2. Input parameters and nominal values.

DMATX(1,N) = CRR Solids recovery ratio for centrifugation. [.95]

DMATX(2,N) = TSS Total suspended solids concentration of 0Sl, mg/l.
[200,000. ]

DMATX (3,N) = HPWK Hours per week that the centrifuges are operated,
hr/wk. [35.]

DMATX (4,N) = XCEN Program control: O = landfill sludge disposal,
1 = incineration sludge disposal. [0.]

DMATX(5,N) = POLY Dose of polymer added to condition sludge, 1b/ton.
[2.]

DMATX (6,N) = CPOLY Cost of polymer, $/1b. [2.]

DMATX(7,N) = GPMN Capacity of each centrifuge that is used (4 sizes
of centrifuges are possible depending on the type
of sludge), gpm. [100.]

DMATX (8,N) = CNMIN Minimum number of centrifuges to be used. [2.]

DMATX(16,ﬁ) = ECF Excess capacity factor for the process. [1.]

3. Output parameters which are printed on computer output sheets.

HPWK = DMATX(3,N)
XCEN = DMATX(4,N)
POLY = DMATX(5,N)

CPOLY = DMATX(6,N)

GPMN = DMATX(7,N)
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CNMIN = DMATX(8,N)

CGPM = OMATX(1,N)

DSOL = OMATX(2,N)

AFC = OMATX(3,N)

CSIZE = OMATX(4,N)

CN = OMATX(5,N)

CCOST

COSTO

ACOST

TCOST

ECF

References:

Patterson and Banker, 1971

Smith and Eilers, 1975

Design capacity of the centrifuges, [gpm.]

Dry solids incl. chem fed to centrifuges, [tons/yr.]

Amortization factor for centrifuges based on a
10 year lifetime.

Size of each centrifuge used, [gpm.]

Number of centrifuges used.

Capital cost, [dollars]

Operating and maintenance cost, [cents/1000 gal.]
Amortization cost, [cents/1000 gal.]

Total treatment cost, [cents/1000 gal.]

Excess capacity factor.

Theory and functions - FORTRAN statement followed by an equivalent algebraic equation.

SMATX(7,1S1) = SMATX(7,IS1)+POLY*SMATX(10,IS1)/2000. CEN02900
SfMpgy = SPMigy *+ L [mg/17]

SMATX(10,151) = SMATX(10,IS1)+POLY*SMATX(10,151)/2000. CEN03000
TSSpgp = TSS o POLY*TSS151 (mg/1]

DSOL = SMATX(10,TS1)*SMATX(2,IS1)*8.33%365./2000. CEN03100
DSOL TSSISlZgégl*8'33*365 (ton/yr]
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SMATX(10,082) = ((1.-DMATX(1,N))/(1.-DMATX (1,N)*SMATX(10,IS1)/DMATX(2,N)))*SMATX(10,IS1)

(1-CRR) *TSSIS 1

I88p5, = CRR¥TSS 1| [mg/1] CEN03200
1_—-————-
TSS oo,
TEMP1 = DMATX(2,N)/SMATX(10,1S1) CENO03400
TSS
TEMP] Q81
TSS g,
TEMP2 = SMATX(10,052)/SMATX(10,I51) CEN03500
TSS
TEMP2 = 052
TSS ¢,
SMATX (10,0S1) = DMATX(2,N) CENO3600
TSSygy = TSSggp [mg/1]

SMATX (2,0S1) = (SMATX(10,IS1)-SMATX(10,082))*SMATX(2,IS1)/(SAMTX(10,081)-SMATX(10,052))

- *|
Qs o 5816177580590 * 5y
b (@88pg=TS5gp)

[ven] CEN03700

SMATX (2,082) = SMATX(2,IS1)-SMATX(2,081) CENO3900

Qs2 = Us1%s1 (meD]

SMATX (1,051) = TEMP1#*SMATX(I,IS1) CEN04500
SMATX (I,0S81) = TEMP1*SMATX(I,IS1) [mg/1]
where I = 3,9
i.e. SOC, SNBC,SON,SOP,SFM,SBOD,VSS

SMATX (I,052) = TEMP2*SMATX(I,IS1) CEN04600
SMATX (I,082) = TEMP2*SMATX(I,IS1) [wg/1]
where I = 3,9

SMATX{I,0S1) = SMATX(I,IS1) CEN04800
SMATX(I,051) = SMATX(I,IS1) [mg/1]
where I = 11,20
i.e. DOC,DNBC,DN,DP,DFM,ALK,DBOD,NH3,NO3

SMATX (I,0S82) = SMATX(I,ISl) CEN04900
SMATX(I,052) = SMATX(I,IS1) (mg/1]

where I = 11,20
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5.

CN = CNMIN
CN = CNMIN
CGPM = SMATX(2, IS1)*116666.7/HPWK*DMATX(16,N)/CN

LT *ECF
116666.7 QISl

CGPM = [gpm/centrifuge]
HPWK*CN
CSIZE = ,275*GPMN
CSIZE = 0.275 GPMN
CSIZE = ,350*GPMN [For (CGPM~CSIZE)>0]
CSIZE = 0.350 GPMN
CSIZE = .590*GPMN [For (CGPM-CSIZE)>0]
CSIZE = 0.590 GPMN
CSIZE = GPMN [For (CGPM-CSIZE)>0]

CSIZE = GPMN
NCN = CGPM/CSIZE

NCN =CGPM
CSIZE

Cost functions. (Cost curves, Banker and Patterson page 109)
a., Capital cost

Function of GPMM, CSIZE and €N
CCOST(N,1) = 78500.*(1.~.044%(CN-2,))*CN

CCOST = 78500CN* (1-0.044 (CN-2})) [dollars]

CCOST(N,1) = 98000.*(1,-.044%*(CN-2.))*CN

CCOST = 98000CN* (1-0.044(CN-2)) [doliars]

CCOST(N,1) = 140000.*(1l,-.044%(CN~2,))*CN

CCOST = 140000CN*(1-0.044 (CN-2)) [dollars]

CCOST(N,1) = 160000,*(1.~.044*%(CN-2.))*CN

CCOST = 160000CN* (1-0.044(CN-2)) [dollars]
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CEN05400

CEN05500

CEN05700

CEN06400

CEN06600

CEN06800

CEN06900

CEN09000

CEN09800

CEN10600

CEN11400



Amortization factor for centrifuges

AFC = DMATX(3,20)*(1.+DMATX(3,20))**10./((1.4DMATX(3,20))**10,-1.,)

RI[1+RIJ10
[1+RI]10-1

Amortization cost

AFC =

ACOST(N,1) = CCOST(N,1)*AFC/SMATX(2,1)/3650.

ACOST =_CCOST * AFC
QPlant Inf.

*3650

CEN11900

CEN12000

[cents/1000 gal]

b, Operating manhours, maintenance manhours and materials/supplies costs

Function of DSOL.
X = ALOG (DSOL)
X = 1n DSOL
(1) Operating manhours
(For XCEN = 0)
OHRS = EXP(7.621517-.476977%X+.071516*X%*2,)

2
OHRS = e7.621517—0.476977X+0.071516X

(For XCEN # 0)
OHRS = EXP(7.264153-.466246%X+.069552*X*%2,)

2
OHRS = e7.264153—0.466246X+0.069552X

(2) Maintenance manhours
XMHRS = EXP(5.997115-.493809*X+.070892*X*%2,)

2
XMERS = e5.997115—0.493809X+0.070892X

(3) Total materials and supplies

SUPP = EXP(-2.822519+,700948%X)*1000.
SUPP = 1000e"2822519+0.700948%
CHEM = DSOL*POLY*CPOLY

CHEM = DSOL*POLY*CPOLY

c. Total operating and maintenance costs

CEN12600

CEN13300

[hrs/yr]

CEN14000

[hrs/yr]

CEN14600

[hrs/yr]

CEN14700

[dollars/yr]
CEN14800
[dollars/yr]

COSTO(N,1) = ((OHRS+XMHRS)*DHR* (1,4PCT)+SUPP*WPI+CHEM)/SMATX(2,1)/3650.

COSTO =

(OHRS+XMHRS) *DHR* (1+PCT)+ (SUPP*WPI)+CHEM

QPlant Inf.

l6l

*3650

CEN15300
[cents/1000 gall



OO0

OO0 n0n [aN aNaN ol

[aNoNaNaXel

[aNaNal gl

[sNaN oKl

CENOQO100

CeNTRIFUGATION CENOO200

PROCESS IDENTIFICATION NUMBER 17 CENDOO300
CENOO400

SUBROUTINE CENT CENOOS00
CENDD60O

CENOO700

COMMON INITIAL STATEMENTS CENOOBOO
CENOO900

INTEGER 0510052 CEN01000

COMMON SMATX(20030) + TMATX(20230) eDMATX(20,20) »OMATX(20+20)1P(20)+CEND1100O
1INP»I0¢1S1eIS200S100S2/NrIAERF¢CCOST(2005)2C05TO(20+5)ACOST(20¢5)CENQ1200
2¢TCOST(20+¢5) ¢+ DHRePCTrWPI+CLAND»DLANDFLOW(25) »POW(25) » TKWHD (25) CENO1300

CENO1400

CEND1500

ASSIGNMENT OF DES1GN VALUES TO PROCESS PARAMETERS CEND1600
CEND1700

HPWK=UMATX (3¢N) CEND1800
XCEN=UMATX (4¢N) CEN01900
POLY=DMATX(5¢N) CEN0200¢
CPOLY=DMATX(6¢N) CEN02100
GPMN=UMATX (7N} CEN02200
CNMIN=DMATX(8¢N) CEN02300
CENO2400

CENO2500

PROCESS RELAT1ONSHIPS RE@D. TO CALC. EFFLUENT STREAM CEN02600
CHARACTERISTICS CENO02700
CEND2800

SMATX(79I51)SSMATX (79 iS1)+POLY*SMATX{10+151)/2000. CEN02900
SMATX(10¢1S1)=SMATX(1UsIS1)+POLY*SMATX(10,151)/2000. CEN03000
DSOLZSMATX( 10, IS1) #SMATX (29 1S1) %8,33%3654/2000 CEND3100
SMATX(100052)=((1.~DMATX(1+N) )/ (1+=DMATX(1riN} %SMATX (102 IS1)/DMATX (CEND3200
12/N) ) )*SMATX (100 1I51) CEN03300
TEMP1=DMATX(2,N)/SMATX(10,151) CENO3400
TEMP2=SMATX(10+052) /SMATX(10s151) CEN03500
SMATX(102051)=DMATX(2+N) CENO3600
SMATX(2+051)=(SMATX(1us IS1)=SMATX(1020S2) ) #SMATX(2,I51)/ (SMATX(10»CENO3700
1051)=5MATX(10,052)) CEN03800
SMATX(2,052)TSMATX(2¢1S1)=SMATX(2+051) CENO3900
CENO4000

CENO04100

EFFLUENT STREAM CALCULATIONS CENDO4200
CENO4300

DU 10 I=3+9 CENOL400
SMATX{I1+0S1)=TEMP1*SMATX(I»1IS1) CENO4500
10 SMATX(I+»052)=TEMP2*SMATX(1+1I51) CENO4600
DO 20 I=11+20 CEN04700
SMATX(I+051)=SMATX(I0151) CEND4800
20 SMATX(I+052)=SMATX(Ir1S1) CENO4900
CEN05000

CEN05100

CALC«. OF OUTPUT SIZES AND QUANTITIES CEN05200
CENDS300

CN=CNMIN CENO5400
COPMTSMATX(2+151)%116666+7/HPWK*DMATX(162N)/7CN CEND5500
GPMM=SMATX(29151)%1000000.7/1440, CENDS600
CSIZE=,275%GPMN CEN05S700
CENOSB00
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OO0O0

(sNalaNoNaNe) OOOOO0 gXeNoNaNalel

OO0 OO0

[gX s al ol

30
0
S0

60
70

80
90

100
110

120

150

140

150

160

170

180

CENO5900

CALC. OF CAPITAL COSTS BASED ON DESIGN PLUS EXCESS CENO6000
CAPACITY CENO6100
CENO6200

IF (CoPM=CS1Zt) 60:60¢30 CENO6300
CSIZE=,350%GPMN CENO6400
IF (CoPM=CSIZc) 8080040 CENO06500
CS1ZE=.590%GPMN CEND6600
IF (C6PM=CSIZE) 100,100+50 CEN06700
CSIZE=GPMiv CENO6800
NCN=C6PM/CSIZE CEN06900
CN=NCN+1 CENC7000
60 7O 120 CENO7100
IF (GPMM=CSIZEL*(CN=1+)) 140:140,70 CENO7200
CN=CN+1, CENO7300
60 TO 60 CENO7400
IF (GPMM=CSIZE*(CN-1+)) 150¢150¢90 CENO7500
CN=CN+1. CENO7600
60 TO 80 CENO7700
IF (GPMM=CSIZE*(CN=1.)) 160¢160,110 CENO07800
CN=CN+1. CENO7900
60 TO 100 CENOB000
IF (GPMM=CSIZE*{(CN=1e)) 1700170,130 CENOB100
CN=CN+1, CENDB200
60 TO 120 CENGB300
CENOB400

CENO0B500

CALC. OF CAPITAL COSTS FOR CENT FACILITY WHOSE CEN0B8600

DESIGN CAPACITY DOES NOT EXCEED 27.5% OF THE CAPACITYCENOB700

OF EACH CENTRIFUGE CEN0OB800D

CEN08900

CCOST(N#1)=78500e%(Lle=,0U44*(CN=2¢))%CN CENOD900O
60 TO 180 CENOS100
CEN09200

CENG9300

CALC. OF CAPITAL COSTS FOR CENT FACILITY WHOSE CENG9400

UESIGN CAPACITY DOES NOT EXCEED 35% OF THE CAPACITY CENG9500

OF EACH CENTRIFUGE CEN09600

CENG9700

CCOST(N21)=98000e¢*(1s=.04U*{CN=2,) ) %CN CEND9800
GO TO 180 CEN09S00
CEN1000CO

CEN10100

CALC. OF CAPITAL COSTS FOR CENT FACILITY WHOSE CEN10200

UESIGN CAPACITY DOES NOT EXCEED 59% OF THE CAPACITY CEN10300

UF EACH CENTRIFUGE CEN10400

CEN10500

CCOST(Ns1)=140000.%(1e=,D4lx{CN=24) ) *CN CEN10600
GO TO 180 CEN10700
CEN10800

CEN10900

CALC. OF CAPITAL COSTS FOR CENT FACILITY WHOSE CEN11000

UESIGN CAPACITY EQUALS THE CAPACITY OF EACH CENTRI- CEN11100

FUGE. CEN11200

CEN11300

CCOST(NP1)=160000e*(1e=o044%(CN=24))*CN CEN11400
CEN11500

CEN11600

CALCe OF AMORTIZATION COSTS CEN11700
CEN11800

AFCZDMATX(3020)% (1. +DMATX(3¢20) ) *#*10/ ( (1. +UMATX(3,20))%*10,~1.) CEN11900
ACOST(N»1)=CCOST(Ns 1) #AFC/SMATX(2+1)/3650, CEN12000
CEN12100

CEN12200

CALC. OF OPERATING COSTS BASED ON DESIGN CAPACITY ALONEe CEN12300

DUES NOT INCLUDE EXCESS CAPACITY ’ CEN12400
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OO0 (s X N oeN oK e} o000 COMNMO0O

[aXaN ol al

OO0 60

X=ALOG(DSuLL)
IF (XCEN) 2000190.200

CALC. OF OPERATING MANHOURS IF LANDFILL DISPOSAL IS

USED

190 OHRSZEXP(7+621517=¢4709772X+,071516%X%%2,.)

CALC. OF OPERATING MANHOURS 1F INCINERATION DISPOSAL

1S USED

60 70 210

200 OHRS=EXP(7+264153=+460246%X+.069552%X*%2,)

CALC. OF MAINTENANCE MANHOURS:

€O0STs

210 XMHRS=EXP(5.997115=,493809*X+.070892*X**2,)

SUPP=LXP(=2,822519+.7U0948%X)*1000.

CHEM=DSOL*POLY=*CPOLY

OPERATING COST EQUATION

SUPPLIES AND CHEMICAL

CEN12500
CEN12600
CEN12700¢
CEN12800
CEN12900
CEN13000
CEN13100
CEN13200
CEN13300
CEN13400
CEN13500
CEN13600
CEN13700
CEN13800
CEN13900
CEN14000O
CEN14100
CEN14200
CEN14300
CEN14400
CEN14500
CEN14600
CEN14700
CEN14800
CEN14900
CEN15000
CEN15100
CEN15200

COSTO(Ns 1) = ((UHRS+XMHRS ) *DHR* (1 « +PCT) +SUPP*sP I +CHEM) /SMATX (2¢ 1) /36CEN15300

150.

ASSIGNMENT OF VALUES TO OMATX

OMATX(1¢N)=CGPM
OMATX(2sN)=DSOL
OMATX (3¢N)=AFC
OMATX{(4/N}=CSIZE
OMATX(5:N)=CN

PKOCESS ENERGY INDICES

FLOWIN)IZSMATX (2, 151)
POW(N)=17.,

RETURN

END
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CEN15400
CEN15500
CEN15600
CEN15700
CEN15800
CEN15900
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SECTION 19

AEROBIC DIGESTION, AEROB

Subroutine Identification Number 18

Rev. Date 8/1/77
Aerobic Digestion, AEROB

1. Process symbol.

IS1: Primary sludge input stream
IS2 (Sludge)
Optional

Isl (Sludge)
IS2: Secondary sludge input stream

- — -

0S81: Sludge output stream

N 082 (Recycle) 0S2: Supernatant recycle output
stream

N: User assigned number to

T the process
0s1

2. Input parameters and nominal values.

DMATX (1,N) = XL Program control: this input variable 1s set equal to the
user assigned process number (N) which the user assigned
to the aeration (AERFS) process to allow the AEROB sub-
routine to use output parameters calculated in the
aeration process. [varies
DMATX(2,N) = XAFS Program control: O = no final settler or sludge return
pumps are required, 1 = a final settler and sludge return
pumps are required with the aerobic digestion process. [1.]
DMATX(3,N) = DTA Detention time for the aeration, days. [30.]
DMATX (4,N) = TSS1 Total suspended solids in 0S1, mg/1. [40,000.]
DMATX(5,N) = TSS2 Total suspended solids in 082, mg/l. [150.]
DMATX(6,K) = BOD2 Concentration of 5-day BOD in 0S2, mg/l. [50.]
DMATX(7,N) = GSS Overflow rate for the final settlers, gpd/sq ft. [150.]
DMATX(8,N) = HEAD Pumping head of the sludge return pumps, ft. [30.]
DMATX(13,N) = ECF Excess capacity factor for the final settlers. [1.2]
DMATX (14,N) = ECF Excess capacity factor for the sludge return pumps. [1.25]
DMATX(15,N) = ECF Excess capacity factor for the air blowers. [1.5]
DMATX(16,N) = ECF Excess capacity factor for the aeration tank. [1.2]
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Output parameters which are printed on computer output sheets.

XL = DMATX(1,N)
XAFS = DMATX(2,N)
DTA = DMATX(3,N)

TSS1 = DMATX(4,N)

TSS2 = DMATX(5,N)

BOD2

DMATX (6,N)
GSS = DMATX(7,N)

HEAD = DMATX(8,N)

VAER = OMATX(1,N) Volume of the aerator, cu £t/1000,

ACFM = OMATX(2,N) Required size of the blower for supplying air to the
aerator, cfm.

QPUMP = OMATX(3,N) Volume of the return stream flow to the aerator, mgd.

AFS = OMATX(4,N) Surface area of the final settler, sq £t/1000.

CCOST Capital cost, [dollarsl].

COSTO Operating and maintenance cost, [cents/1000 gall.

ACOST Amortization cost, [cents/1000 gall.

TCOST Total treatment cost, Lcents/1000 gal].

ECF Excess capacity factor.

Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

SMAT(I) = SMATX(I,IS2) AE002400

SMAT (I)

SMATX (I,IS2) [mg/1]

vhere I = 1,20 i.e. I,Q,50C,SNBC,SON,SOP,SFM,SBOD,VSS,TSS,DOC,DNBC,
DN,DP,DFM, ALK, DBOD,NH3,NO3

TEMPL = (SMAT(4)%2.13+(SMAT (8)+SMAT(17))*.65%,18)*SMAT (2) AE002600

TEMPL = (2.13SNBC;g,+0.65(SBODg)+DBOD ¢,)0.18)Q g, [mg/1 MGD]

TEMP2 (OMATX(9,L)*.18+OMATX (10,L)*.0938+OMATX (11,L)+OMATX (12,L) ) *DMATX (7 ,L) *SMATX (2,1S1)

AE002700
TEMP2 = (0.180MATX(9,L)+0.09380MATX(10,L)+OMATX (11,L)+OMATX (12,L))*DMATX(7,L)*Qqgy

[mg/1 MGD]
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TEMP3 = SMAT(7)*SMAT(2) AE002900

TEMP3 = SFMyq,*Qrgy [ mg/1 MGD ]
TEMP4 = OMATX(13,L)*DMATX(7,L)*SMATX(2,IS1) AE003000
TEMP4 = OMATX(13,L)ADMATX(7,L)*Qpg; [ mg/1 McD]

SMATX(2,081) = ((TEMP1+TEMP2+TEMP3+TEMP4)~(SMATX (2,IS1)+SMAT(2))* AE003500
DMATX(5,N) ) /(DMATX (4,N) -DMATX(5,N))

Qos1 = TEMPl+TEM@2;:§Tpi+$§2§4-(QIsl+QISZ)Tss2 C 6o
SMATX(2,082) = SMATX(2,IS1)+SMAT (2)-SMATX(2,081) AE003700
%s2 = Us1*%s27%s1 [ mep]
VOLPC = (TEMP1+TEMP2)/(TEMP1+TEMP2+TEMP3+TEMP4) AE003800

VOLPC = TEMP1+§EE£51$§E£§+TEMTA [no units]
SMATX(9,051) = DMATX(4,N)*VOLPC AE003900
VSSggq = TSSL*VOLPC [mg/1]
SMATX(7,051) = DMATX(4,N)-SMATX(9,081) AE004000
SFMggy = TSS1 - VSSgqy (mg/1]
SMATX(3,081) = SMATX(9,0S1)/2.13 AE004100
$0Cos1 = %{ [mg/1]
SMATX (4,0S1) = SMATX(3,051) AE004200
SNBCogy = SO0Cng3 (mg/1]
SMATX (5,0S1) = SMATX(3,0S1)/10. AE004300
S0Nggy = S2°0SL [mg/1]
10
SMATX(6,0S1) = SMATX(3,0S1)/100. AE004400
SOPpg) = Eg;%%l [mg/1]

167



SMATX(10,0S1) = DMATX(4,N) AE004600

mg/1]
T8S,g;  TSSL L
SMATX(10,082) = DMATX(5,N) AE004700
TSSggy = TSS2 [mg/1]
SMATX (9,082) = SMATX(10,082)*VOLPC AE004800
= * ’ 2%
VS8, = TSS2*VOLEC [mg/1]
SMATX (3,082) = SMATX(9,0S2)/2.13 AE004900
vss
SO0Cogy = ——-952 [mg/1]
082 ~ 513
SMATX(4,0S2) = SMATX(3,0S2) AE005000
SNBCgy = SOC,, [mg/1]
SMATX(5,0S82) . SMATX(3,0S2)/10. AFE005100
soc
SONggy = 2052 [mg/1]
10
SMATX(6,082) = SMATX(3,0S2)/100. AE005200
soc
SOP 052 r
082 100 (mg/1]
SMATX(7,052) = SMATX(10,052)-SMATX(9,052) AE005300
SFMpg2 = TSSpgpy — VSSpgy [mg/1]
SMATX(11,081) (500.-SMATX(9,082)*1.42)/3.2 AE005500
_ 500-1.42VSSgg2
P01 = 37— [o8/1]
SMATX(11,082) = SMATX(11,0S1) AEO05600
DOCygy = DOCyg, [mg/1]
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SMATX(12,0S1) = SMATX(11,0S82)/2. AE005700

DOC
DNBCpg; = —p 052 [mg/1]
SMATX(12,082) = SMATX(12,051) AE005800
DOC
DNBC(g, = _épﬁz (mg/1]

ENTN = SMATX(2,IS1)*(SMATX(5,IS1)+SMATX(13,IS1))+SMAT(2)* (SMAT(5)+SMAT(13))

AE005900
ENTN = QISl(SON151+DN131)+QISZ(SONISZ+DNISZ) [MGD mg/1]
EXSN = SMATX(2,0S1)*SMATX(S5,0S1)+SMATX(2,052)*SMATX(5,052) AE006100
EXSN = (Qosl*SONOSl)+(QOSZ*SONOSZ) [MGD mg/1]
SMATX(13,081) = (ENTN-EXSN)/(SMATX(2,081)+SMATX(2,082)) AE006200
0s1+0s2
SMATX(13,082) = SMATX(13,0S1) AE006300
DNy, = DNOS1 [mg/1]

ENTP = SMATX(2,IS1)*(SMATX(6,IS1)+SMATX(14,1S1))+SMAT(2)* (SMAT(6)+SMAT(14))

AF006400
ENTP = Qpgy (80P g +DPy¢,)+Q g, (SOP o +DP o) [MGD mg/1]
EXSP = SMATX(2,0S1)*SMATX(6,0S1)+SMATX(2,052)*SMATX(6,052) AE006600
EXSP = (Qpg1*SOP 1o, )+(Qq,*S0Pg) [MGD mg/1]
SMATX(14,082) = (ENTP-EXSP)/(SMATX(2,081)+SMATX(2,052)) AE006700
DPogy = %§§§£§§§§ [mg/1]
SMATX(14,0S1) = SMATX(14,052) AE006800
DPogy = DBy, [mg/1]
SMATX(15,081) = SMATX(15,IS1) AE006900
DFMygy = DFM o) [mg/1]

169



SMATX(15,082) = SMATX(15,IS1) AE007000

= mg/1
DFMyg, = DFMpgy (me/1]
SMATX(17,0S1) = DMATX(6,N)-50. AE007300
DBODg; = BOD2-50 [mg/1]
SMATX(17,082) = SMATX(17,0S1) AE007400
DBODyg, = BOD2-50 [mgllj
SMATX(18,081) = SMATX(18,IS1) AE007500
NH3ggy = NH3pgy [me/1]
SMATX(18,0S2) = SMATX(18,IS1) AEO007600
NH3gg, = NH3;o) [ mg/1]
SMATX (19,081) = SMATX(19,IS1) AE007700
N03081 = N03131 [mg/T]
SMATX(19,052) = SMATX(19,IS1) AE0078G0
NO3pgp = NO3gy [me/1)
SMATX(20,0S1) = SMATX(20,1IS1) AE007900
Future parameter [mg/L]
SMATX (20,082) = SMATX(20,IS1) AE008000
Future parameter [ mg/1]

VAERL = (SMATX(2,IS1)+SMAT(2))*DMATX(3,N)*1000./7.48*DMATX(16,N)  AE008500

VAER] = (QIs1+Q152)1000DTA*ECF, £e3
7.48 [ Togg ]

VAER2 = (SMATX(2,IS1)*SMATX(10,IS1)+SMAT{2)*SMAT(10))*8.33/.05/1000.*DMATX (16,N)

AE008600
vapry < [ QIs1*TSS1gy)+(Qrg)*TSS1o,)]8.33ECF, e
0.05%1000 [ To00
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BSIZE = 20.*VAER*DMATX(15,N) AE009200

BSIZE = 20VAERWECF, (2531
min
AFS = (SMATX(2,IS1)+SMAT(2))*1000./DMATX(7,N)*DMATX(13,N) AE009600
AFS = lOOO(QISI'.'QISZ)ECFs f_tz_
css (10004
DEMO = (SMATX(9,IS1)*SMATX(2,IS1)+SMAT (9)*SMAT(2)-TEMP1-TEMP2)*8.33%1.5 AE009700
DEMO = 8.33[ (VSS1g1*Qg, )+(VSS o, *Qyg,) -TEMPL-TEMP2]*1. 5
CFM = DEMO/.075/.232/.05/1440.*DMATX(15,N) AE009900
CPu = _ DEMO*ECF, [553
0.075%0.232%0.05%1440 min
QPUMP = (SMATX(2,IS1)+SMAT(2))*DMATX(14,N)*1.5 AED10400

Pump efficiency - Current values used in program; each can be changed by
the replacement on punched card.

PEFF = 0.70 for QPUMP<l.44 MGD AE019000
PEFF = 0.74 for QPUMP<10.08 MGD AE019300
PEFF = 0.83 for QPUMP>10.08 MGD AE019500

References:

Patterson and Banker, 1971

5. Cost functions.
Aerator
a, Capital cost

Function of VAER

X = ALOG(VAER) AE011000
X = In VAER
CCOST(N,1) = EXP(2.414380+.175682*X+,084742%X%%2, ~,002670%X**3,) *1000. AEQ011100
2 3
CCOST = 10oer.414380+0.175682X+O.084742X -0.002670X [dollars]
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Function of ACFM/ECFy
X = ALOG(ACFM/1000./DMATX(15,N))
X = ln _ACFM _
1000ECF,

ACFM
—_— <
() For Tocorcr, < *

(a) Operating manhours

OHRS = 850

(b) Maintenance manhours

XMHRS 350

172

b. Operating manhours, maintenance manhours and materials/supplies costs
(1) Operating manhours AE011700
OHRS = O [hrs/yr]
(2) Maintenance manhours AE011800
XMHRS = 0 [hrs/yr]
(3) Total materials and supplies AE011900
T™MSU = 0 {dollars/yr]
c¢. Total operating and maintenance costs AE012000
COSTO(N,1) = O [cents/1000 gal)
Blower
a. Capital cost
Function of ACFM
X = ALOG(ACFM/1000.) AE012600
X = 1n ACEM
1000
CCOST(N,2) = EXP(4.145454+.633339%X+.031939%X**2,-,002419*X**3,)*1000. AE012700
2_ 3
CCOST = 1000&4.145454+0.633339X+0.031939X 0.002419X [dollars]
b. Operating manhours, maintenance manhours and materials/supplies costs

AE013400

AE014100

[hrs/yr]

AE014200

[hrs/ yr]



ACFM 1

(2) For 1500mcE, 2

{(a) Operating manhours

OHRS = EXP(6.900586+,323725%X+,059093*X**2.~.004926*X**3,) AE014400

OHRS = 6-900586+0.323725X+0.059093%2-0.004926X> [hrs/yr]
(b) Maintenance manhours
AEQ14500
XMHRS = EXP(6.169937+.294853*X+.175999*%X**2.-,040947*X**3,+,003300%X**4,)
QHRS = of-169937+0.294853%+0.175999%2-0.040947%>+0.003300%*
(hrs/yr]
(3) Blower horsepower
HP = ACFM/DMATX(15,N)*8.1%144./(33000.%.8) AE014700
8.1ACFM*144
*? = £CF,*33000%0.8 [horsepower]
(4) Blower kilowatts
XKW = ,8%HP AE014800
_ B.1ACFM*144 .
EEBBE—EEf;— [kilowatts]
(5) Blower kilowatt years
XKWPY = XKW%*24,%365, AE014900
XKWPY = 24XKW*365 [kwhr/yr)
(6) Energy cost
ECOST = XKWPY*DMATX(10,20) AE015000
ECOST = XKWPY*CKWH [dollars/yr]
(7) Service cost
SCOST = EXP(.621382+.482047%X)*1000. AE015100
SCOST = 10000+ 621382+0.482047X [dollars/yr]
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c¢c. Total operating and maintenance costs
AE015600

COSTO(N,2) = ((0HRS+XMHRS)*DHR*(1#PCT)+SCOST*WPI+ECOST)/SMATX(Z,l)/3650.

COSTO = (OHRS+XMHRS)DHR(1+PCT)+(SCOST*WPI)+ECOST
Qplant Inf. * 3650

[cents/1000 gal]

Sludge pumps
a. Capital cost

Function of QPUMP

X = ALOG(QPUMP) AE016700
X = 1n QPUMP

(1) QPUMP < 5 AE016500

CCOST - 20000 [dollars]

(2) QPUMP > 5 AE016800

CCOST(N,3) = EXP(3.481553+.377485*%X+.093349%X**2.-,006222%X**3,)*1000.

3

a 2
CCOST = 1000e3.481553+0.377485X+0.099349X -0.006222X% [dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs

Function of QPUMP/ECF

P
X = ALOG(QPUMP/DMATX (14,N)) AF018500
X = 1n B
ECF,,

(1) Operating manhours

QPUMP

() LUE AE018100
P

OHRS 400 [hrs/yr]
PUMP

(b) gfaf;_z 7 AE018600

OHRS ~ EXP(6.097269+.253066%X~.193659*X**2.+,078201*X**3,~,006680%X%*4.)

4

OHRS = ob+097269+0.253066X-0.193659X2+0.078201%3-0.006680X*  [hrs/yr]
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(2) Maintenance manhours

(a) QEUME AE018200

ECFp

XMHRS = 250 [hrs/yr]

PUMP
(b) QEEF" s> 7 AE018800
P~

XMHRS = EXP(5.911541-.013158*X+.076643%X*%2,)

2
XMERS = o5+911541-0.013158K+0.076643X

[hrs/yr]
(3) Total materials and sunplies
(a) LWMP . AE018300
ECF
|4
TMSU = 200.+(DMATX(8,N)/30.)*400.
THsy = 200 + ~0CHEAD [dollars/yr]
(b) QP . AE019900
ECF_ L
P
TMSU = ECOST+SCOST*WPI
TMSU = ECOST+(SCOST*WPI) [dollars/yr]
(4) Kilowatt hrs per year AE019600

YRKW = QPUMP*1000000.*DMATX(8,N)/1440./3960./PEFF/.9*%,7457%24.%365,

YRKW = 1000000QPUMP*0.,7457HEAD*24%365
1440%3960PEFF*0.9 {kwhr/yr]

(5) Energy cost AE019700

ECOST = YRKW*DMATX(10,20)

ECOST = YRKWXCKWH [dollars/yr]
(6) Service cost AE019800
SCOST = EXP(5.851743+,301610%X+,197183%X**2 ~, 017962*X**3,)

2_ 3
SCOST = eo+851743+0.301610%+0.197183X 0.017962X [dollars/yr]
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c. Total operating and maintenance costs AE020400

COSTO(N,3) = ((0HRS+XMHRS)*DHR*(l.+PCT)+TMSU)/SMATX(Z,l)/3650.

COSTO = (OHRS+XMHRS)DHR (1+PCT)+TMSU
Qpjant Inf. * 3650

[cents/1000 gal]

Final settler
a. Capital cost

Function of AFS

X = ALOG (AFS) AE021300
X = 1n AFS
(1) AFS < 1 acre AE021100
CCOST = 25000 [dollars]
(2) AFS > 1 acre AE021400

CCOST(N,4) = EXP(3.716354+.389861*X+.,084560%X**2,~,0047184X**3,)*1000.

2_ 3
CCOST = 1000e3+716354+0.389861X+0.084560X%~0.,004718X [dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs

Function of AFS/ECFS

X = ALOG(AFS/DMATX(13,N)) AE023000
- AFS
X 1ln EEF;

(1) Operating manhours

(a) AES
s <1 AE022600
S
OHRS = 300 [hrs/yr]
AFS AF023100
® FF 21
s
OHRS = EXP(5.846565+.254813%X+,113703*X**2,~,010942*X*#3,)

2 3
OHRS = e5.846565+0.254813X+0.113703x -0.010942X [hrs/yr]
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(2)

3

(4)

Maintenance manhours

AFS
(a) ﬁs <1 AE022700

XMHRS = 150 [hrs/yr]
b) AFS AE023200
® ECF, 21

XMHRS = EXP(5.273419+.228329%X+,122646%X**2,~,011672%X**3,)

2 3
XMHRS = e5.273419+0.228329X+0.122646X -0.011672X [hrs/yr']
Total materials and supplies
AFS
(a) E—C—fs <1 AE022800
TMSU = 125 [dollars/yr]
AF
(b) ECFS >1 AE023300
TMSU = EXP(5.669881+.750799*X)
TMSU = eo:669881+0,750799X [dollars/yr]
Total operating and maintenance costs AE023800

COSTO(N,4) = ((OHRS+XMHRS)*DHR#* (1.+PCT)+TMSU*WPI)/SMATX(2,1)/3650.

- (OHRS+XMHRS)DHR (1+PCT)+(IMSU*WPI)
cos10 Q * 3650 [cents/1000 gall
Plant Inf.
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ALROBLC DIGESTION
PROCESS IDENTIFICATION NUMBER 18

SUBROUTINE AEROB

COMMON INITIAL STATEMENTS

INTEGER 0510082
DIMENSION SMAT(20)

AEO00100
AEO00200
AE000300
AEO00400
AE000500
AEOD0600
AEO00700
AEC00800
AE000900
AE001000
AEO01100

COMMOIN SMATX(200¢30) » TMATX(20¢30) »DMATX(20+,20) v OMATX(20020) 2 IP(20)»AED01200
LTINPIIOrIS101S2e0S100ScrNe IAERF2CCOST(20¢5) COSTO(20+¢5) v ACOST(20¢S)AE001300

2+TC0S1(20+5) »UHRsPCTowPI¢sCLAND/DLANDsFLOW(25) »POW(25) » TKWHD (25)

PROCESS RELATIONSHIPS REQD. TO CALC.

CHARACTERISTICS

D0 10 I=1,20
SMAT(1)=0.

IF (I52) 20+40+20
DO 30 I=z1,20
SMAT(I)=SMATX{I,152)
L=DMATX(1/N)

TEMP1=(SMAT(4)%2.13+(SMAT(B)+SMAT(17))%.65%,18) *SMAT(2)

EFFLUENT STREAM

AE001400
AE001500
AE001600
AEQC01700
AE001800
AEO01900
AE002000
AEO02100
AE0U2200
AE002300
AEOQ2400
AE002500
AE002600

TEMP2Z (OMATX(9¢L) %, 18+OMATX(10+L)%,093B+OMATX(11¢L)+OMATX(12,L))*DAEOG2700

IMATX( 7L ) *SMATX (2, IS1)
TEMP3=SMAT (7) *SMAT(2)
TEMP4=OMATX (13+L) *DMATX (7oL ) *SMATX(2¢151)

EFFLUENT STREAM CALCULATIONS

AE002800
AEO02900
AE003000
AEOU3100
AEO03200
AEO03300
AEO03400

SMATX(2-051)=((TEMP1+TEMP2+TEMP3+TEMP4)-(>MATx(2v151)+SMAT(2))*DMAAEoossoo

1TX(5rN} )/ (DMATX (4 ¢N) =UMATX (52N} )

SMATX(2,052)=5MATX (29 1S1)+SMAT{2)=SMATX(2+051)
VOLPCZ(TEMP1+TEMP2) / (TEMP1+TEMP2+TEMP 3+ TEMPY )

SMATX (9,051 ) =UMATX (4 ¢ ) «VOLPC
SMATX(7+051)SUMATX {4+ N)=SMATX(9,051)
SMATX(3+051)=SMATX(900S1)/2.13

SMATX (4,051 )=SMATX(3,051)

SMATX (5,051 )=SMATX(3,0S1)/10.
SMATX(6¢051)=SMATA(3,US1)/100.
SMATX(8+051)=0,
SMATX(10+0S1)=DMATX(4sN)
SMATX(1090S2)=DMATX(5,N)
SMATX(2,052)=5MATX(10,052) *VOLPC
SMATX(3+052)=SMATX(990S2)/2.13
SMATX(4+052)=SMATX (39052}
SMATX(5r052)=5MATX(3,0S2) /10,
SMATX(6+052)=SMATX(39052)/100.
SMATX(7+052)=SMATX(10,052)=SMATX(9,052)
SMATX(8¢052)=50,
SMATX(1190S1)2(500.=SMATX(9+052)%1,42)/3.2
SMATX(110052)=SMATX(11,051)
SMATX(12¢0S1)=SMATX(11+0S2)/2.
SMATX(1290S2)=SMATX(12,051)
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AE003600
AEOD3700
AE003800
AE003900
AEO04000
AEOO4100
AE004200
AE004300
AEOO4400
AEOO4500
AEO04600
AEO04700
AEOG4800
AEO04900
AE005000
AE005100
AE005200
AE005300
AEO05400
AE00S5500
AE005600
AEQ05700
AE005800
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acoOoOo00

CcCOOoOOn

OOCO0OO0OO0O0O0n

AEO12500

X=ALOL(ACFM/1000.) AEO12600
CCOSTINP2IZEXF (441454544 .633339%X+,031939*X4%2,~.002419%X**3.)%100AE012700

10. AE012800
AE012900

AE013000

CALC. OF OPERATING COSTS FOR BLOWER BASED ON DESIGN AEO13100

CAPACITY ALON:e DOES NOT INCLUDE EXCESS CAPACITY AE013200

AE013300

X=ALOG(ACFM/1000+/0MATX (15N} ) AEO013400
AE013500

AEOL13600

CALC. OF OPERATING MANHOURSr MAINTENANCE MANHOURS AEO13700

AND tLECTRICAL POWER AND SUPPLY COSTS AEO13800

AEO13900

IF (ACFM/1000./DMATX(1S5¢N}=~1.) 14001500150 AEO14000

140 OHRS=650. AEO14100
XMHRS=350. AEO014200

60 .70 160 AEO14300

150 OHRSSEXP(0e900586+.323725%X+.059093%X%x%2,~,u04926%X%%3,) AEO1u4400
XMARSZEXP (641099374 .294853%X+.175999%X*%2,=,040947xX**3.+,003300*%XAE014500
1%x4,) AEO14600
1lo0 HP=ACFM/DMATX(15/N)#8.1%144,/(33000,%.8) AEQ14700
XKWz o 8%HP AEO14800
XRWPYZ XKW %24+ %365 AEO14900
ECOST=XKWPY*DMATX(10920) AEO015000
SCOSTIEXP(+621382+.482047%X)*1000. AEO015100
AE015200

AEO015300

UPERATING COST EQUATION AEO15400

AE015500

COSTO(N$2)=( (OHRS+XMHRS ) *DHR* (1, +PCT) +SCOST+WPI+ECOST)/SMATX(2,1)/AE015600
13650, AEO015700
AE015800

AEO015%900

CALC. OF CAPITAL COSTS FOR SLUDGE RETURN PUMPS BASED AEO16000

ON DESIGN PLUS EXCESS CAPACITY AE016100

AE016200

IF (DMATX(2»N)) 170+350¢170 AE016300

170 IF (QPUMP=,5) 180,190,190 AEO016400
180 CCOST(N+»3)=20000. AE016500
GO TO 200 AEO16600

190 X=ALOG (QPUMP) AEO16700
CCOSTUINIIIZEXP(3.481553+e3774854X4,0933U0+X#%2.=.006222%X**3,)*100AE016800

10. AE016900
AEO017000

AE017100

CALC. OF OPERATING COSTS FOR SLUDGE RETURN PUMPS BASED AE017200

ON DESIGN CAPACITY ALONEr DOES NOT INCLUDE EXCESS AE017300

CAPACITY AEO17400

AE017500

AE0L17600

CALC. OF OPERATING MANHOURS+s MAINTENANCE MANHOURS AEO17700

AND MATERIALS AND SUPPLIES AE017800

AE017900

200 1F (QPUMP/DMATX(14»N)=,7) 210,220,220 AE018000
210 OHRS=400. AE018100
XMHRS=250. AE018200
TMSU=200 .+ (DMATX(8¢N) /304 ) %400, AE018300

60 TO 280 AE018400
220 X=ALOG(QPUMP/UMATX(14sN)) AE018500
OHRSZEXP(6.097269+.255066%X~s 1936594 X*#%2,+.,0768201%X**3,~.006680*%X*AE018600
1%4,.) AE018700
XMHRS=EXP{5.911541-,013158%X+.076643%X**2,) AE018800
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60
70

80

90
100

110

120

130 QPUMP=(SMATX{crIS1)+SMAT(2))*DMATX(14sN)*1,5

ENTN=OSMATA (20 1S1) % (SMATX{5,IS1) +SMATX(13+151))4SMAT(2) % (SMAT{5)+SMAE005900
1AT(13))

EXSNTSMATX(290S1) *SMATX (50051 ) +SMATX (20052) «SMATX (5»052)
SMATX(13r0S1)=(ENTN-EXSN)}/ (SMATX(2,0S1)+SMATX(2,052))

SMATX (131052} =SMATX(15+0S1)

AE006000
AE006100
AEOU6200
AE006300

ENTP=SMATX(2¢151) * (SMATX{621S1)+4SMATX(14¢1S51))+SMAT(2)*(SMAT {6) +SMAEOO6400
1AT(14))

EXSPZSMATX (20051 #SMATX (60051 ) +SMATX(2+052) #SMATX(6+052)
SMATX (14 ruS2)=(ENTP=EXSP)/ (SMATX(2,051)+SMATX(2+052))

SMATX(149,0S1)=SMATX(14,052)
SMATX(15¢0S1)=SMATX(15+]IS1)
SMATX{159052)=SMATX (15151}
SMATX(16r0S1)=300.
SMATX(169052)=300.
SMATX(17,0S1)=DMATX(6¢/N) =50,
SMATX(1700S2)=SMATX(17,051)
SMATX(18+0S1)=SMATX(18¢151)
SMATX(18r0S2) =SMATX(16¢151)
SMATX(19+0S1)=SMATX(19,151)
SMATX(19r0S2)=SMATX(19¢1S51)
SMATX(207US1)=SMATX(20¢151)
SMATX(2000S2) =SMATX (20U IS1}

CALCe. OF OUTPUT SIZES AND QUANTITIES

VAERLIZ(SMATX(2¢IS1)+SMAT(2) ) *DMATX(3+N) %1000/ 7.46*xDMATX(16N)

AEQ06500
AEQ06600
AE006700
AEQ06800
AE006900
AEOQO7000
AEOO7100
AEO07200
AE007300
AEOO07400
AE007500
AEOO07600
AEOCO07700
AEQCC7800
AEOC07900
AEO08000
AEC08100
AE008200
AE008300
AEODS8400
AE008500

VAER2=(SMATX (s IS1) *SMATX (10 IS1)+SMAT(2)xSMAT(10) )%8.33/.05/1000.AE008600

1*UMATX (169N}

IF (VAER1-VAER2) 5006060
VAER=VAERZ

GU TO 70

VAER=VAER1
BS1ZE=20+*VAER*®DMATX(15,N)
IF (DMATX(2¢N)) 90+809,90
AFSz0.

GO TO 100

AFSZ(SMATX(201S1)4SMAT(2) ) %1000« /UMATX(7¢N) «DMATX(13¢N)

AEO08700
AEO08800
AE008900
AE0G9000
AE009100
AE009200
AE009300
AEOQO9400
AE009500
AE009600

DEMO=(SMATX (9 IS1) *SMATX(2sIS1)4+SMAT(G)#SMAT (2} =TEMPL=TEMP2) *&.33%AE009700

11.5

CFM=DEMO/ 075/ .232/.05/1440,*DMATX(15¢N)

IF (BSI1ZE-CFM) 110+12us120
ACFM=CFM

G0 TO 130

ACFM=uySIZE

CALC. OF CAPITAL COSTS FOR AERATION TANK BASED ON DESIGN
PLUS EXCESS CAPACITY

XZALOG(VAER)

AE009800
AEQ09900
AE010000
AE010100
AE010200
AE010300
AEO10400
AE010500
AE010600
AE010700
AEO10800
AEO010900
AEO11000

CCOST(N-1)=EXP(2.414360+-175682*X+.08“742*X‘*2.—.002670*X**3.)*100AE011100

10.

CALC. OF OPERATING COSTS FOR AERATION TANK

OHRS=0.
XMHRS=0,
TMSU=0.
CUSTO(N?1)=0,

CALC. OF CAPITAL COSTS FOR BLOWER BASED ON DESIGN PLUS

EXCESS CAPACITY
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AE011200
AEO11300
AEO11400
AE011500
AEO11600
AE011700
AE011800
AE011900
AE012000
AE012100
AE012200
AE012300
AE012400
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320

330

340

350
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IF (QPUMP-1.44) 230,2400240 AE018900
PLFF=.70 AEO19000
60 70 270 AE019100
IF (PLFF=10.08) 250/+200+260 AE019200
PEFF=.74 AE019300
60 TO 270 AEO19400
PEFF=.83 AED019500
YREW=QPUMP*1000000+%DMATX(8sN)/1440,/3960./PEFF/+9% ., T457%24 ,*365, AE019600
ECOST=YRKw*DMATX(10,20) AE019700
SCOST=EXP(5.8517434,301610%X+.197183%X*%2,=,017962*X*%3,) AE019800
TMSUSECOST+SCUST*WP L AE019900
AE020000

AE020100

QPERATING COST EQUATION AE020200

AE020300

COSTO(N»3)=( (UHRS+XMHRS) *LUHR* (1 ,+PCT) +TMSU) /SMATX(2+1) /3650, AEOQ20400
AE020500

AEC20600

CALC+ OF CAPITAL COSTS FOR FINAL SETTLER RASED ON DESIGN AE020700

PLUS EXCESS CAPACITY AE020800
AE020900

IF (AFS=~1.) 290¢300,300 AE021000
CCOST(Ne&4)=25000+ AE021100
60 TO 310 AEO21200
X=ALOG (AFS) AE021300
CCOSTINrY)IZEXP(3:716354++389861%X+,084560%xX%%2,~e0047182Xx%x3,)+*100AE021400
10, AE021500
AE021600

AE021700

CALC. OF OPERATING COSTS FOR FINAL SETTLER BASED ON AE021800

DESIGIN CAPACITY ALONE» DOES NOT INCLUUE EXCESS CAPACITY AE021900
AE022000

AEO22100

CALC. OF OPERATING MANHOURS: MAINTENANCE MANHOURS AE022200

AND MATERIALS AND SUPPLIES AE022300

AEO22400

IF (AFS/DMATX(13vN)=1s) 320¢330+330 AE022500
OHRS=300. AE022600
XMHRS=150. AE022700
TMSU=125. AE022800
GO TO 340 AE022900
X=ALOG(AFS/DMATX(13¢N)) AE023000
OHRSZEXP (5. 8465654 .254813%X+,113703%X%x%2,=,010942%x%x%3,) AE023100
XMHRSZEXP (5.273419+4,228329%X+:122646%X*%2,=,011672%X**%3,) AE023200
TMSU=EXP (5.,669881+.750799%X) AE023300
AE023400

AE023500

OPERATINu COST EQUATION AE023600

AE023700

COSTO(Ns4)=( (OHRS+XMHRS ) *DHR* (1, +PCT) +TMSU*wPI)/SMATX(2+1) /3650, AE023800
AEO023900

AEQ24000

ASSIGINMENT OF VALUES TO OMATX AE024100
AEO24200

OMATX(1»N)=VAER AEO024300
OMATX{2/N)=ACFM AEO24400
OMATX (3¢ N)=QPUMP AE024500
OMATX(4sNI=AFS AEO24600
AEO24700

AEO24800

PROCESS ENERGY INDICES AE024900
AE0R25000

FLOW(IN)=SMATX(2,I51) AE025100
POW(N)=18. AE025200
RETURN AE025300
END AE025400



SECTION 20

POST AERATION, POSTA

Subroutine Identification Number 19

Post Aeration, POSTA

1. Process symbol -

Rev. Date 8/1/77

IS1 0s1
N —
IS1: Liquid input stream
0S1: Liquid output stream
N: User assigned number to the process
2. Input parameters and nominal values.

DMATX(1,N) = ITYPE

DMATX (2,N)

DMATX (3,N)

DMATX (4,N)

DMATX (5,N)
DMATX (6,N)
DMATX(7,N)

DMATX (8,N)

DMATX(9,N)

DMATX (10,N)
DMATX (11,N)
DMATX (12,N)
DMATX (13,N)
DMATX (15,N)

DMATX(16,N)

= DOIN

DOUT

AERFO

HPHRO

CFMDF

DIFFT

DD

ECF

ECF

Program control: -1 = mechanical aeration system
is used, 0 = diffused air aeration system is used
(plug flow), +1 = diffused air aeration system

is used (complete mix).[-1.]

Program control: set equal to the user assigned
process number (N) given to the aeratiom process
(AERFS) to allow the POSTA subroutine to use
output parameters calculated in the aeration
process.[varies].

Dissolved oxygen concentration in the influent
stream to the post aeration process, mg/l.[1.]

Dissolved oxygen concentration in the effluent
stream from the post aeration process, mg/l.[4.]

Water temperature, degrees Centigrade.[20.]
Tank depth (for diffused air omly), ft.[15.]
Tank width (for diffused air only), £t.[24.]

Aeration efficiency at standard conditioms (for
diffused air only), fraction.[.08]

Efficiency measure for the mechanical aerators,
1b of oxygen transferred per hp-hr.[3.5]

Altitude of the plant site above sea level. ft.[0.]
Capacity of each air diffuser, scfm.[15. ]

Number of diffusers per foot of tank length.[1.] "
Depth of diffusers below the water surface, ft.[l3@1‘
Excess capacity factor for the air supply syetem.fI;]

Excess capacity factor for the aeration basin.[1.]
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Qutput parameters which are printed on computer output sheets.

ITYPE = DMATX(1,N)
L = DMATX(2,N)

DOIN = DMATX(3,N)
DOUT = DMATX(4,N)
TL = DMATX(5,N)

TD = DMATX(6,N)

TW = DMATX(7,N)
AERFO = DMATX(8,N)
HPHRO = DMATX(9,N)
ALT = DMATX(10,N)
CFMDF = DMATX(11,N)
DIFFT = DMATX(12,N)
DD = DMATX(13,N)
VAER = OMATX(1,N)
CFM = OMATX(2,N)

HP = OMATX(3,N)

TMIN = OMATX(4,N)
VMG = OMATX(5,N)
AERFF = OMATX(6,N)
CLEN  OMATX(7,N)

HPI = OMATX(8,N)

XN - OMATX(9,N)

THP = OMATX(10,N)

WIDTH = OMATX(11,N)

Volume of the post aeration basin, cu £t/1000.
Air requirement for the diffusers, cfm.

Installed brake horsepower for mechanical aerationm,
hp.

Detention time in the post aeration basin, minutes.
Volume of the post aeration basin, million gallons.
Aeration efficiency corrected to plant conditionms.
Aeration channel length (plug flow), ft.

Installed brake horsepower (HP) rounded off to

the next higher available size mechanical aerator,
hp.

Number of mechanical aerators required.

Total mechanical aeration horsepower required
(HP1*XN), hp.

Mechanical aeration basin width, ft.
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DEPTH = OMATX(12,N)

TLEN = OMATX(13,N)

CCOST
COSTO
ACOST
TCOST
ECF
References:

Smith, Eilers and Hall, 1973

Mechanical aeration basin depth, ft.

Aeration basin length (diffused air, complete
mix), ft.

Capital cost, [dollars].
Operating and maintenance cost,[cents/1000gal].
Amortization cost, [cents/1000gal].
Total treatment cost, [cents/1000gal],

Excess capacity factor,

4, Theory and functions ~ FORTRAN statement followed by equivalent algebraic equation.

S = SMATX(8,IS1)+SMATX(17,1S1)

= SBOD
S +DBODIS

Is1 1

XA = OMATX(9,L)*OMATX(3,L)

XA = OMATX(9,L)*OMATX(3,L)

SMATX(I,081) = SMATX(X,IS1)

SMATX(I,081) = SMATX(I,IS1)

P0S05200

[mg/1]

P0S05300
(mg/1]

P0S03900
(mg/1]

where I = 2,20 i.e. Q.S0C,SNBC,SON,SOP,SFM,SBOD,VSS,TSS,DOC,DNBC,DN,DP ,DFM,ALK,DBOD,

NH3,NO3

CSS = 14.652-.410220*%TL+,007991*TL**2,~,000078*TL**3,

P0S07200
CSS = 14.652-0.410220TL4+0.007991T12-0.000078TL3 [mg/1]
RP = (760.-.025%ALT)/760. P0OS07300
_ 760-0.025ALT
RP = e [no units]
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CSW = RP*CSS*BETA

CSW = RP*CSS*BETA

AERK1 = ,31942% (CSW-DOUT)*HPHRO*ALPHA*1,025%*(TL-20.)

AERK1 = 0,31942(CSW-DOUT)*HPHRO*ALPHA* (1.025)

AERK2 = ,5B*CAER*XA*S/CY+1.16*%CE*XA

AERK2 = MEC%"_‘X_AEE_ + (1.16CE*XA)

HP = (SMATX(2,IS1)*(DOUT-DOIN)+AERK2*VMG) /AERK1*DMATX(15,N)

HP =

[QTq1ﬁ(DOUT-DOIN)+(AERK2*VMG)]ECF

AERK1

VCF = (17.+.53*HP)**2,*(5,+,07*HP)

VCF = (17+0.53HP)“*(5+0,07HP)

VMG = VCF*7,48/1000000.*DMATX (16 ,N)

_ 7.48VCF*ECF
e 1000000

VDEL = ABS (VMG-VMGP)

VDEL = | VMG-VMGP |

HP1 = SIZE(I)

HP1 = SIZE(I)

where I = 1,14

XN =HP /150.
_HP
XN = 159

(For HP< size (I))
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TL-20

P0S07400

(mg/1]
P0S07700
[1/day]
P0S07800

(281

day
P0OS08100

[horsepower]

P0S08200
[£e3]
P0S08400
(MG]
POS08500
[ME]
P0S09300

(horsepower]

P0S09800

[number]



THP = HP1*XN

THP = HP1*XN

WIDTH = 17.+.53#%HP1

WIDTH = 174+0.53HP1

DEPTH = 5.+.0745P1

DEPTH = 5+0,07HP1

VCF = DEPTH*WIDTH**2,

VCF = DEPTHAWIDTHZ

VMG = (VCF#7.48/1000000,)*XN

 7.48VCF*XN
e 1000000

HPMG = THP/VMG

THP
HPMG e

DAYS = VMG/SMATX(2,IS1)

DAYS = JMG
Is1

TMIN = DAYS*1440,

TMIN = 1440 DAYS

VAER = VMG*1000./7.48

VAER = 1000VMG
7.48
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P0S10100

[horsepower]

P0510200

[ft]

P0S10300

[£e]

P0S10400

[£e3 ]
P0S10500

M6]

P0S10600
(hej

MG
P0S10700

[days]

POS10800

[min]

P0S10900

3
[éﬁoo]



CFMMG = CFMDF*DIFFT*1000000./TD/TW/7.48

CFMDF*DIFFT*1000000

CFMMG =
7. .48TD*TW

AERFF = AERFO*(DD/13.)%** ,66666%(8./CFMDF)**, 2

pp, 0-66666 g 0.2
AERFF = AERFO* (13) *{crmor)

AERK1 = .33347*CFMMG*AERFF*ALPHA*1.025%* (TL-20.)

AERK1 = 0.33347CFMMG*AERFF*ALPHA* (1,025) T+~20

AERK2 = ,58*CAER*XA*S/CY-1.16*CE*XA

AERK2 = 0.58*C2§R*XA*S ~(1, 16CE*XA)

TEMP = (AERK1*(CSW-DOUT)-AERK2)/(AERK1* (CSW-DOIN)-AERK2)

TEMP = AERK1(CSW-DOUT)-AERK2
AERK1 (CSW-DOIN) -AERK2

DAYS = -1,*ALOG(TEMP)/AERK1

DAYS = - 1n TEMP
AERK1

TMIN = DAYS*1440.

TMIN = 1440 DAYS

VFM = SMATX(2,IS1)*92.84/TD/TW
92.84
QIS

VFM = — IS1
TD*TW

CLEN = VFM*TMIN

92.84Q  *TMIN
CLEN = IS1

TD*TW
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POS11100

cfm
e

POS11200
[no units]

P0S11300
[1/day]

P0OS11400
(384

POS11500

[no units]

POS11600
[days]
POS11700
[min]
P0OS11800

[ft/min]

P0S11900

(£e]



CFM = CLEN*CFMDF*DIFFT*DMATX(15,N)

CFM = CLEN*CFMDF*DIFFT*ECFs

CFMMG = CFMDF*DIFFT#1000000./TD/TW/7.48

CFMDF*1000000DIFFT

CPMYG = — ZampeTw

AERFF = AERFO*(DD/13.)**.66666%(8./CFMDF)*#%,2
DD0.66666 8 0.2

= 44 E (S
AERFF AERFO(13) (CFMDF

AERK1 = ,33347*CFMMG*AERFF*ALPHA*1.025%%(TL~20,)

AERK1 = 0.33347CFMMG*AERFF*ALPHA*[1.025] = 20

AERK2 = .58*CAER*XA*S/CY-1,16*CE*XA

AERK? = Q;Qg%éﬁﬁtééii.-(1.16CE*XA)

VMG = SMATX(2,IS1)*(DOUT-DOIN)/(AERK1* (CSW-DOUT)-AERK2)*DMATX (16,N)
QISl(DOUT-DOIN)ECFb
AERK1 (CSW-DOUT) ~AERK2

DAYS = VMG/SMATX(2,1IS1)

DAYS = %59-
151

TMIN = DAYS*1440.

TMIN  1440DAYS

TLEN = VMG*1000000./TD/TW/7.48

1000000VMG

TLEN =
7.48TD*TW
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P0S12000

[efm]
P0S12200

[£e3/MG]

POS12300

[no unitg]

P0S12400
[1/days]

P0S12500

/1
Ggg;-n

P0S12600
[Me]
P0S12700
[days]
P0S12800
[min]
P0S12900

[fe]



VAER = VMG*1000./7.48

1000VMG

VAER = =578

CFM = CFMMG*VMG*DMATX(15,N)

CFM = CFMMG*VMG*ECFs

Cost functilons,
Post aeration basin
a., Capital cost

Function of VAER
X = ALOG(VAER)

X = 1n VAER

CCOST(N,1) = EXP(2,180040+.351346%X+064188%X**2,-,003403*X**3,)*1000.

CCOST = 1000e

2.180040+0.351346X+0.064188X2—0.003403X

POS13000
3
ft
I:1000]
P0S13100

[cfm]

P0S14300

P0S14400

[dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs

(1) Operating manhours

OHRS = 0

(2) Maintenance manhours

XMHRS = 0

(3) Total materials and supplies

IMSU = 0

c. Total operating and maintenance

€OSTO(N,1) = 0

COSTO = 0
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P0S15200

[hrs/yr]

P0S15300

[hrs/yr]

POS15400

[dollars/yr]

POS15500

[cents/1000gal]



Mechanical aeration
a. Capital cost

Function of THP

X = ALOG(THP) P0S16600
X = 1n THP

For THP < 20

CCOST(N,2) = 20000. P0S17300
CCOST = 20000 [dollars]

For THP > 20

CCOST(N,2) = EXP(2.848804~.223685*X+,142476%KX**2,~,0059854X**3,)*¥1000. POS18000

- 2_ 3
CCOST = 1000e2.848804 0,223685%+0,142476X“-0.005985X [dollars]

b. Operating manhours, maintenance manhours, and materials/supplies costs

Function of THI’/ECFs

X = ALOG(THP/DMATX(15,N)) P0OS18800
X = 1n 1EE
ECFg

(*) For (THP/ECF, < 40)

(**) For (THP/ECFg > 40)

(1) Operating manhours P0S19500
(*) OHRS = 600 [hrs/yr]
(**) OHRS = EXP(6.716272-,310684*X+,112744*X**2, — 00487 7%X**3,) P0S20400
- 2_ 3
OHRS = ef+716272-0.310684%+0.112744X2~0.004877X [hrs/yc]
(2) Maintenance manhours P0S19600
(*) XMHRS = 300 [hrs/yr]
(¥*) XMHRS = EXP(4.251092+.467681%X+.008276%X*%2.) POs 20500
e _ 4.251092+0.467681%+0.008276%2
XMERS = e [hrs/yr]
(3) Blower kilowatts
XKW = . 8*THP/DMATX(15,N) P0S21000
= 0.8THP
XKW BF, [kilowatts]
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(4) Blower kilowatt years
XKWPY = XKW*24.%365. P0S21100

XKWPY = 24XKW*365 [kwhr/yr]

(5) Energy cost
ECOST = XKWPY*DMATX(10,20) P0S21200

ECOST = 24XKW*365%CKWH [$/yr]

(6) Service cost

PCFM = THP/DMATX(15,N)/8.1/144.*(33000.%.8)/1000. P0S21300
THP*33000%0.8
PCFM = £
8. 1ECF *144%1000 Lefm)
SCOST = EXP(.621382+.482047*ALOG (PCFM))*1000, P0S21400
0,621382+0,482047 (In PCFM)
SCOST = 1000e [$/ve]
c. Total operating and maintenance costs P0S21900

COSTO(N,2) = {(OCHRS+XMHRS)*DHR*(1.+PCT)+SCOST*WPI+ECOST)/SMATX(2,1)/3650.

COSTO = (OHRS+XMHRS)DHR (14PCT)+ (SCOST*WPI)+ECOST
Qplant Inf. * 3650

[cents/1000 gal]

Diffused aeration
a. Capital cost

Function of CFM

X = ALOG(CFM/1000.,) P0S22700
X = 1n CFM
1000

*) For (CFM
) oo < L

(**%) For (CFM_
1000 = 1)

(*) CCOST = 13000 POS23400 [dollars]
(**) CCOST(N,2) = EXP(4.145454+.633339%X+.031939*X**2,~,002419%X**3,)*1000.
P0S24100
2 K}
CCOST = 100034.145454+0.633339X+0.03l939X -0.002419X [dollars]
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Operating manhours, maintenance manhours and materials/supplies costs

Function of CFM/ECFs
X = ALOG(CFM/1000, /DMATX(15,N))

X = ln__ CFM
1000ECF g

*) For (CM__ <1
) Fo (IOOOECFS )

**) F CFM
(**) For (lOOOECFS >

(1) Operating manhours

(*) OHRS = 850

P0S24900

P0S25700

[hrs/yr]

(**) OHRS = EXP(6.900586+.323725%X+.059093*X**2,-.004926%X**3,) P0S26600

OHRS = o6-900586+0,323725%+0.059093%X%-0.004926%°

(2) Maintenance manhours

(*) XMHRS = 350

[hrs/yr]

P0S25800

[hrs/yr]

(*¥*) XMHRS = EXP(6.169937+,294853*X+,175999%X**2,~,040947*X**3,+,003300%X**4, )

QRS = 6+169937+0.294853%+0.175999%%-0.040947X7+0,003300%% [hrs/yr]

(3) Blower horsepower

CHP  CFM/DMATX(15,N)*8.1*144./(33000.*.8)

CHp = CEM*8.1%144
ECF*33000%0.8

(4) Blower kilowatts

XKW = ,8%CHP

XKW = CFM*8.1*144
ECFS*33000
(5) Blower kilowatt years
XKWPY XKW*24 ,%365.,

XKWPY = 24XKW*365

(6) Energy cost
ECOST = XKWPY*DMATX(10,20)

ECOST = 24XKW*365CKWH

P0S26700

P0S27300

[horsepower]

P0S27400

[kilowatts]

P0527500

[kwhr/yr]

P0S27600

($/yr]



(7) Service cost

SCOST = EXP(.621382+.482047*X)*1000. P0S27700
SCOST = 1000e0.621382+0.482047x [$/yr]
c. Total operating and maintenance costs P0S28200

COSTO(N,2) = ((OHRS+XMHRS)*DHR* (1.+PCT)+SCOST*WPI+ECOST)/SMATX(2,1)/3650.

*'
COSTO = OHRS+X3HRS DHR (14+PCT +58COST WPI)+ECOST [cents/1000 gall

Plant Inf.
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POST AERATION
PROCESS IDENT1FICATION NUMBER 19

SUBROUTINE POSTA

COMMON INITIAL STATEMENTS

INTEGER 051,052
DIMENSION SIZe(1&)

P0S00100
P0S00200
P0500300
POS00400
P0S00500
P0OS00600
POS00700
P0OS00800
POS00900
P0S01000
P0OS01100

COMMON SMATX(20¢30) » TMATX(20¢30) »DMATX(20,20) »OMATX(20020) ¢ IP{20) rP0S01200
L1INP+IOsIS1eIS220S100S2¢N? JAERF+CCOST(20¢5)¢c0S5T0(20¢5)sACOST(20+,5)P0S01300

2¢TCOST(20+15) »UHRePCTrwPI+CLANDDLAND 'FLOW(25) »POW(25) » TKWHD (25)

POS01400

DATA SIZE/S5e17¢5010¢9154020647250.¢30e740¢¢50,060:¢75,210009125,+150P0S01500

1./

ASSIGNMENT OF DESIGN VALUES TO PROCESS PARAMETERS

ITYPE=DMATX(1/N)
L=DMATX(2sN)
DOIN=DMATX (3N}
DOUT=UMATA (G /N)
TL=DMATX (9 N)
TU=DMATX(6¢N)
THWZ=DMATX (79N}
AERFO=DMATX (8/N)
HPHRO=DMATX(9/N)
ALT=DMATX(10*N)
CFMOF=DMATX (11+N}
DIFFT=DMATX(12/N)
DO=DMATX(13sN)

EFFLUENT STREAM CALCULATIONS

DO 10 I=2,20
SMATX(1,051)=SMATX(Ir1IS1)

CALC. OF OQUTPUT SIZES AND QUANTITIES

IF (7.5=DOUT) 20¢40,40

WRITE (10.,30)

FORMAT (////+10X+»*DEMAND DOUT OF POST AERATION IS TOO HIGH'e////)
CAER=,024

Cy=,65

CE=,125

ALPHAZ,9

BETA=.95
S=SMATX(8rIS1)+SMATX(17,1S1)
XAZOMATX(9¢L) *OMATX(3sL)
CFM=0 .

HP=Q.,

CFMMG=0.,

HPMG=0,

DEPTH=0.
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P0S01600
P0S01700
P0S01800
P0S01900
P0S02000
P0S02100
P0S02200
P0S02300
POS02400
P0S02500
P0S02600
POSU2700
P0S02800
P0S02900
P0OS03000
P0OS03100
P0S03200
P0OS03300
POS03400
POS03500
POS03600
P0S03700
POS03800
POS03900
POS04000
POS0O4100
POSO04200
POSG4300
POSO4400
POS04500
POS04600
POSO4700
POS04800
POS04900
P0OS05000
POS05100
P0S05200
P0505300
POS05400
P0S05500
P0S505600
P0S05700
P0S05800



50

(-11)

70
80

90
ivo

110

120

150

14p

150

TMIN=0,

VAER=U,

VMG=0.

VCF=0.

VUEL=0,.

W1DTH=0,

AERFF=0.

CLEN=U.

VFM=0,

TLEN=U,.

HP1=0,

XN=0+

THP=0.
C55=14,652=.410220%TL+,007991*TL*%2,~,000078*%TL*%3,
RP=(700.,=,025%ALT}/760,
CSW=RP*CSS*BETA

IF (ITYPE) 500,140,150

VMG6=0.
AERK1=+31942% (CSW=DOUT ) *HPHRO*ALPHA*1.025%* (TL~-20,)
AERK2=.58%CAER®XAxS/CY+1.16%CE*XA
NT=0

NT=NT+1

HP= (SMATX(2+1S1)*(DOUT=DOIN) +AERK2*VMG) /AERK1%DMATX (15¢N)

VCFZ(1T7+e53%HP) %52, % (5,+.07*HP)
VMGP=VMG
VMG=VCF*7.48/1000000.*DMATX (167N}
VDEL=ABS (VMG=VMGP}

IF (NT=25) 90:90:70

WRITE (10.80)

P0S05900
POS06000
P0S06100
P0S06200
P0S06300
P0OS06400
P0S06500
P0S06600
POS06700
P0S06800
P0S06900
POS07000
P0OS07100
P0S07200
POS07300
P0OS07400
P0OS07500
P0507600
P0OS07700
P0OS07800
P0OS07900
P0OS08000
P0OS08100
P0S08200
P0S08300
P0OS08400
P0S08500
P0S08600
P0OS08700

FORMAT (////7910X»*POST AERATION ITERATION DOES NOT CONVERGE'»////)}P0508800

60 T0 100

IF (VDEL=.0001) 100,100¢60

DO 120 I=1r14

IF (HP=SIZE(I)) 110.110.120

HP1=SIZE(1)

XN=1.

60 70 130

CONTINUE

HP1=150.

Xin=HP/150.

IXN=XN

XNSIXN+]1

THP=HP1 %Xy

WIDTH=17¢4.53%HP1

DEPTH=5,4.,07%HP1

VCF=DEPTHaWIDTH=®*2,
VMG=(VCF*7.48/10000004) %XN

HPMG=THP/ VMG

DAYS=VMG/SMATX (29 151)

TMINSUAYS*1440,

VAER=VMG*1000./7.48

60 TO 160
CFMMG=CFMUF*D1FFT#1000000./TD/TW/7.48
AERFF=AERFO#(UD/13+ ) %% ,66666%(8,/CFMDF ) x*,2
AERK1= ¢ 3354 7*CFMMG*AERFF*ALPHAX1.,025*%(TL=2(04)
AERK2=,58*%CAER*XA%*S/CY=1,16%CExXA
TEMP=(AERK1* (CSW=DOUT ) =AERK2)/ (AERK1* (CSW=DOIN)=AERK2)
DAYS==1.*ALOG(TEMP) /AERK L

TMINZOAYS*1440.
VFMzSMATX (20 151)%92,84/TD/TW

CLEN=VFM*TMIN
CFM=CLEN*CFMDF*DIFFT*UMATX(15¢/N)

GO0 7O 160
CFMMG=CFMUF*D1FFT#*1000000./TD/TW/7.48
AERFF=AERFO*(DD/13. ) *#%,66666%(8,/CFMDF ) x%,2
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P0OS08900
P0OS09000
P0S09100
PCS09200
POS09300
P0S09400
P0OS09500
P0S09600
POS09700
20509800
POSU9900
P0S10000
P0S10100
P0S10200
P0S10300
POS10400
P0OS10500
P0OS10600
POS10700
P0S10800
P0S10900
P0S11000
POS11100
P0S11200
P0OS11300
P0S11400
P0OS11500
P0511600
POS11700
P0S11800
P0S11900
P0S12000
P0S12100
P0S12200
P0S12300
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AERK1Z 43334 7*CFMMG*AERFF*ALPHA*1.025%%(TL=20.)
ALRK2=,58%CAER*XA*S/CY=1,16%CE*XA

VMG=SMATX (20151 ) *(DOUT=DOIN) / (AERK1 % {CSW=00UT ) =AERK2 )} #OMATX (16N}

DAYS=VMG/SMATX(2¢1S1)
TMINSUAYS®1440,
TLEN=VMG*1000000+/TD/TW/7.48
VAER=VMG*1000./748
CFM=CFMMG*VMG*DMATX (15 N)

CALC.

OF CAPITAL AND OPERATING COSTS FOR POSTA BASIN

160 IF (ITYPE) 170,180¢170

17v X=ALOG(VAER)

CALC. OF CAPITAL COSTS FOR POSTA BASIN BASED ON
LESIGN PLUS EXCESS CAPACITY IF MECHANICAL AERATION
OR DIFFUSED AIR OF COMPLETE MIx IS USED

POS12400
P0S12500
POS12600
P0S512700
P0OS512800
P0S12900
P0S13000
POS13100
P0S13200
P0OS13300
POS13400
P0S13500
POS13600
POS13700
P0S13800
POS13900
P0OS14000
POS14100
POS14200
POS14300

CCOSTUNI1)ISEXP(2.180040++351346%X+.064188%X#%2,~+003403%X*%3,)*100P0S14400

10.

OHRS=0.
XMHRS=0,
TMSU=0,

COSTO(Ns1)=0.

CALC, OF OPERATING COSTS FOR POSTA BASIN BASED ON
DESIGN CAPACITY ALONE» DOES NOT INCLUDE EXCESS
CAPACITY

CALC. OF CAPITAL AND OPERATING COSTS FOR AERATION

180 IF (ITYPE} 190,260r260

190 X=ALOG(THP)
IF (THP~20.)

CALC. OF CAPITAL COSTS FOR MECHANICAL AERATION
SYSTEM BASED ON DESIGN PLUS EXCESS CAPACITY

20002100210

CALC. OF CAPITAL COSTS FOR SMALL AERATION
CAPACITY:» LESS THAN 20 HP,.

200 CCOST(N+,2)=20000.,

GO TO 220

CALC. OF CAPITAL COSTS FOR LARGE AERATION
CAPACITY,» EQUAL OR GREATER THAN 20 HP.

P0OS14500
POS14600
P0OS14700
POS14800
P0OS14900
P0OS15000
POS15100
P0S15200
P0OS15300
POS15400
POS15500
P0S515600
POS15700
P0S15800
P0S15900
P0S16000
POS16100
P0S16200
P0S16300
POS16400
P0S16500
P0S16600
POS16700
P0S16800
POS16900
P0S17000
POS17100
P0OS17200
P0OS17300
POS17400
P0OS17500
POS17600
POS17700
P0S17800
P0OS17900

210 CCOST(N-2)=EXP(2-848804--223685*X+.142“76*X**2.--005965*X**3-)*100P0$18000

10-

CALC. OF OPERATING COSTS FOR MECHANICAL AERATION
SYSTEM BASED ON DESIGN CAPACITY ALONE,» DOES NOT
INCLUDE EXCESS CAPACITY

220 X=ALOG(THP/DMATX(15/N))
IF (THP/DMATX(15¢N}=t0,) 230,240r240
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P0OS18100
P0S18200
P0S18300
P0OS18400
P0S18500
P0S18600
P0S18700
P0OS18800
P0S18900
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CALC. OF OPERATING MANHOURS AND MAINTENANCE
MANHOURS FOR AERATION CAPACITY» LESS THAN 40 HP

250 OHRS=600.
XMHRS=300.
60 TO 250

CALC., OF OPERATING MANHOURS AND MAINTENANCE
MANHOURS FOR AERATION CAPACITY: EQUAL OR
GREATER THAN 40 HP.

240 OHRSZEXP{0+710272=¢310684%X+112744%X%%2 =, 0UBTTHX%%3,)
XMHRSZEXP (4.251092+.467681%X+.008276%X**2,.)

CALC. OF SUPPLIES AND ELECTRICAL POWER COSTS

250 XKW=+8*THP/DMATX(15/,N)
XKWPYZXKW*24+%365,
ECOST=XKWPY*DMATX(10¢20)
PCFM=THP/DMATX(15¢N) /5417144 .%(33000+%.8)/1000,
SCOSTZEXP(.621382+.482047*%ALOG(PCFM) }»1000.

OPERATING COST EQUATION

P0S19000
P0OS19100
P0S19200
P0S19300
P0O519400
P0S19500
POS19600
POS19700
P0S19800
POS19900
P0S20000
P0S20100
P0S20200
P0S20300
P0S20400
P0S20500
P0S20600
P0S20700
P0S20800
P0S20900
P0S21000
P0S21100
P0S21200
POS21300
P0S21400
P0S21500
P0S21600
P0S21700
P0521800

COSTO(Ns2)=( (OHRS+XMHRS) *DHR* {1, +PCT)+SCOSTxWPI+ECOST) /SMATX(2,1)/P0S21900

13650.
GO TO 330 .

CALC. OF CAPITAL COSTS FOR DIFFUSED AIR AERATION
SYSTEM BASED ON DESIGN PLUS EXCESS CAPACITY
260 X=ALOG(CFM/1000.)
IF (CFM/1000.~+1) 270,280,280
CALC. OF CAPITAL COSTS FOr SMALL AIR
REQUIREMENT» LESS THAN 1000 CFM.
270 CCOST(N»2)=13000.
60 TO 290

CALC. OF CAPITAL COSTS FOR LARGE AIR
REQUIREMENT» EQUAL OR GREATER THAN 1000 CFM.

P0S22000
P0S22100
P0S22200
P0S22300
P0S22400
POS22500
P0522600
P0OS22700
P0522800
P0S22900
P0S23000
P0S23100
P0S23200
P0S23300
P0S23400
P0523500
P0OS23600
P0OS23700
P0OS23800
P0523900
POS24000

280 CCOST(NI2)TEXP(4¢1454544¢633339%X+.031939*X%%*2.=s002419%X#%3,)%100P0S24100

10.

CALC. OF OPERATING COSTS FOR DIFFUSED AIR AERATION
SYSTEM BASED ON DESIGN CAPACITY ALONEs DOES NOT
INCLUDE EXCESS CAPACITY

290 XSALOG(CFM/1000./DMATX(15,N))
IF (CFM/1000+/DMATX(15¢N)=1+) 300,310,310

CALC, OF OPERATING MANHOURS AND MAINTENANCE
MANHOURS FOR AIR REQUIREMENT» LESS THAN 1000
CFM,
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P0S24200
POS24300
POS24400
P0OS24500
P0S24600
POS24700
P0S24800
P0OS24900
P0S25000
P0S25100
P0S25200
P0S25300
POS25400
P0S25500
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300 OHRS=850.
XMHRS=350.
60 TO 320

CALC., OF OPERATING MANHOURS AND MAINTENANCE

MANHOURS FOR AIR REQUIREMENT,
THAN 1000 CFM,

EQUAL OR G6REATER

310 OHRSZEXP(b+900586+,323725%X+,059093#X*%2,=,004926%X**3,)
XMHRSZEXP (6.169937+,294853%X+:175999%X%%x2,=,040947%xX*x*3,+.003300*xXP0S26700

1*24,)

CALC,

320 CHP=CFM/DMATX(15¢N)#8,1%144.7(33000,%.8)

XKW= e 8B%CHP
XKWPY=XKW*24+ %365,
ECOST=XKWPY*DMATX(

10020)

SCOSTZEXP(+621382+.482047%X)*1000,

OPERATING COST EQUATION

OF SUPPLIES AND ELECTRICAL POWER COSTS

P0S25600
P0OS25700
P0525800
P0S25900
P0S26000
P0526100
P0S26200
P0S26300
P0OS26400
P05S26500
P0S26600

P0526800
P0S26900
P0OS27000
P0S27100
P0S27200
P0S27300
POS27400
P0527500
P0S527600
P0S27700
P0S27800
P0S27900
P0S28000
P0S28100

COSTO(Ns2)=( (OHRS+XMHRS ) *DHR* (1 . +PCT) +SCOSTxWPI+ECOST) /SMATX (2, 1) /P0S28200

13650,

ASSIGNMENT OF VALUES TO OMATX

330 OMATX(1,N)=VAER
OMATX(2¢N)=CFM
OMATX (3 ¢N)=HP
OMATX(4¢/N)=TMIN
OMATX(5¢N)=VMo
OMATX(6¢N) SAERFF
OMATX(8/N)=HPL
OMATX(9¢/N)=XN
OMATX(10¢N)=THP
OMATX(11+/N)=WIDTH
OMATX(12¢N)=DEPTH
OMATX(13+N)=TLEN

PROCESS ENERGY INDICES

FLOWN(N)=SMATX(2,151)

POwW(N)=19,
RETURN
END

198

P0S28300
P0S28400
P0S28500
P0S28600
P0S28700
P0OS28800
P0S28900
P0S29000
P0S29100
P0S29200
P0S29300
P0S29500
P0S29600
POS29700
P0S29800
P0S29900
POS30000
P0530100
P0S30200
P0S30300
P0OS30400
P0S30500
P0OS30600
P0S30700
P0S30800



Subroutine Identification Number 20

Equalization, EQUAL

1. Process symbol.

\

181 N

2. Input parameters and nominal values.

SECTION 21

EQUALIZATION, EQUAL

Rev. Date 8/1/77

IS1: Liquid input stream
0S1: Liquid output stream

N: User assigned number to the process

DMATX(1,N) = JAER Program control: O = Small impeller mechanical
aerators on floating platforms are used, 1 =
large impeller mechanical aerators om station-
ary platforms are used. [1.]

DMATX(2,N) = RLW Ratio of length to width for the equalization
basin. f1.]

DMATX(3,N) = COSTL Cost of pond lining material, $/sq ft. [.5]

DMATX(4,N) = HEAD Pumping head of effluent pumps from the equali-
zation basin, ft. [10.]

DMATX(5,N) = IMAT Program control: O = Earthen pond with
mechanical aeration is used for the equaliza-
tion basin, 1 = concrete tank with diffused
air is used for the equalization basin. [0.]

DMATX(14,N) = ECF Excess capacity factor for the pumping
system. {1.25]

DMATX(15, ) = ECF Excess capacity factor for the surface
aerators. (1.1

DMATX(16,N) = ECF Excess capacity factor for the equalization
basin. ‘f1.]

3. Output parameters which are printed on computer output sheets.

TAER = DMATX(1,N)

RIW = DMATX(2,N)

COSTL = DMATX(3,N)

HEAD = DMATX(4,N)
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IMAT = DMATX(5,N)

WIDTH = OMATX(1,N)

AREA = OMATX(2,N)

VUM G

OMATX(3,N)

VOMG = OMATX(4,N)

VT = OMATX(5,N)

SAREA = OMATX(6,N)

HP = OMATX(7,N)

HP1  OMATX(8,N)

XN = OMATX(9,N)

THP = OMATX(10,N)

PLAND

OMATX(11,N)

CLAND = OMATX(12,N)

VAER

OMATX(13,N)

ECFM

OMATX (14,N)

CCOST
COSTO
ACOST
TCOST

ECF

Equalization basin width at the water line, ft.

Equalization basin area at the water surface,
acres.

Usable liquid volume of the equalization
basin, mg.

Minimum liquid volume of the equalization
basin, mg.

Total liquid volume of the equalization basin
(VUMG + VOMG), mg.

Area of the lining required for the equaliza-
tion basin, sq ft.

Mechanical aerator brake horsepower, hp.

Brake horsepower (HP) rounded off to the next
higher available size mechanical aerator, hp.

Number of mechanical aerators required.

Total mechanical aeration brake horsepower
required (HP1*XN),hp.

Amount of land needed for the equalization
basin (this land area requirement is included
in the total land area requirement, ACRE, for
the whole plant), acres.

Cost of land needed for the equalization basin
(this cost is included in the total plant cost,
XLAND, for land), §.

Volume of the concrete tank used for the
equalization basin, cu £t/1000.

Required size of the blower for supplying air
to the concrete equalization basin, cfm.

Capital cost,[dollars].

Operating and maintenance cost,[cents/1000gal].
Amortization cost,[cents/1000 gall].

Total treatment cost,[cents/1000 gal].

Excess capacity factor.
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4, Theory and functions -~ FORTRAN statement followed by equivalent algebraic equation.

QF = 1.78%SMATX(2,IS1)#*%.92 EQU04400

.92
]0 9

QP = 1.78[QISl [mMep]

VU = SMATX(2,1S1)*,12%1000000./7.48*DMATX(16,N) EQU04500

Q.. *0.12*1000000*ECF
151

VU = [£¢3]

7.48

SAREA = (2.*WIDTH*(1.+RLW)-156.)*53,76+(WIDTH~90.p (RLW*WIDTH-90.)+20.%(24.+
(1.4RLW)*WIDTH)
EQUO05200

SAREA = (2WIDTH(1+RLW)—156)*53.76+(WIDTH‘90)(RLW*WIDTH-90)+20(24+(1+RLW%WIDTH)
[££4]

WIDTH = (300.%*(1.+RLW)+(90000.#* (1.+RLW)**2,-40.,*RLW*(12000.-VU) ) **.5)/20./RLW

2 0.5
WIDTH = —300(1+RLW)+[90000(1+RLW) "~40RLW(12000-yu)] * [ft]

20RLW EQU05500
AREA = RLWAWIDTE#%2./43560, EQUO05700
2
AREA = _RLW(WIDTH) "~ [acre]
43560
VMIN = 5.*RLW*WIDTH**2.-375.*WIDTH* (1.4+RLW)+28500. EQUO5800

VMIN = SRLW(WIDTH)2-375WIDTH(1+RLW)+28500

SAREA = (2.*WIDTH*(1.4RLW)=156,)*53,76+(WIDTH-90.)* (RLWAWIDTH-90M20.% (24.+
(1.4RLW)*WIDTH)

EQU05900
SAREA = (2WIDTH(1+RLW)~156)53.76+(WIDTH-90) (RLW*WIDTH-90)+20(24+(1+RLW)WIDTH)
[£e2]
WIDTH = (300.%(1.+RLW)+(90000,% (1.+RLW)**2 -40.*RLW*(12000.~VU))**.5)/20. /RLW
9 0.5 EQU06200
WIDTH = —300(L+RLW)+[90000(1+RLW) —40RLW(12000-VU) ] [£t]

20RLW
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AREA = RLWAWIDTH**2./43560.

2
AREA = _BLW(WIDTH) [acre]
43560
VMIN = V%,2857
VMIN = 0.2857VU [£e3]
VUMG = VUx7.48/1000000.
= 1.48V0 [MG]
VMG = 1500000
VOMG = VMIN*7.48/1000000.
_ 7.48VMIN [MG]
VOMG = 1000000
VT = VUMGHVOMG
_ 7.48 (VU+VMIN) rMG]
VI 1000000 E
HPA = VT*29.88 (For VI>1.4)
HPA = 29.88VT [horsepower]

HPA = VT*35.36/(VI**.5) (For VIZ1.4)

HPA = _35:36VT [horsepower]
(VT)O'S

HPB = VT*59./(VI**,4254)

upp = S9VT

[horsepower]
(VT)0.4254

HP = HPB*DMATX(15,N) (For HPA<HPB)

HP = HPB*ECF [horsepower]

202

EQU06400

EQU06500

EQU06700

EQUO6800

EQU06900

EQU07200

EQUO7400

EQUO7500

EQUO7700



HP = HPAXDMATX(15,N) (For HPASHPB) EQU07900

HP = HPA*ECF [horsepower]

HPL = SIZE(I) EQU08200

HPL = SIZE(I) [horsepower]

where I = 1,14

Pump efficiency - Current values used in program; each can be changed by the
replacement on punched card.

PEFF = O.?O for QIsl<1.44MGD EQU11500

PEFF = 0.7 for Q__ <10.08MGD EQU11800

PEFF = 0.83 for Q 210.08MGD EQU12000

VAER = VI*1000./7.48 EQU15000
vagR = L000VT [£t3/1000]

ECFM = 20.*VAER*DMATX(15,8)  [ft>/min] EQU17000

ECFM = 20VAER*ECF
SMATX(I,0S1) = SMATX(I,IS1)
SMATX(I,0S1) = SMATX(I,IS1) [mg/1]
where I = 2.20 i.e. Q,50C,SNBC,SON,SCr,SFM,SBOD,VSS,TSS,DOC,DNBC,DN,DP ,DFM,

ALK,DBOD,NH3,NO3

References:

Patterson and Banker, 1971

Smith Eilers Hall Feb 1973
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5.

Cost functions,

Equal basin

a.

Capital cost

Function of VAER

X = ALOG(VAER) EQU15600
X = 1n VAER

CCOST(N,1) = EXP(2.414380+.175682*X+.084742*X**2,~.002670%X**3,)*1000.

2 3 EQU15700
.41438 . 82X+0.084742X -0.002670X
CCOST = 1000e2"#14380+0.1756 (dollars]
b. Total operating and maintenance costs EQU16400
COSTO(N,1) = 0 [cents/1000gal]
Blower
a., Capital cost
Function of ECFM
X = ALOG(ECFM/1000.) EQUl7100
_ ECFM
X = 1n 7500
CCOST(N,2) = EXP(4.145454+.633339%X+,031939%X**2 - . 002419*%X**3,)*1000.
2 3 EQU17200
. +0. . -0. 19X
CCOST = 1000e4 145454+0.633339%X+0.031939X -0.002419 [dollars]
b. Operating manhours, maintenance manhours, and materials/supplies costs

Function of ECFM/ECF

X = ALOG(ECFM/1000./DMATX(15,N)) EQU17900

ECFM
X = —_——
1n T600EcE

(1) Operating manhours

OHRS = EXP(6.900586+.323725%X+,059093%X**2,~,004926*X%%3,) EQU18500

3
e6.900586+O.323725X+0.059093X2-0.004926X

OHRS = [hrs/yr]
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(2) Maintenance manhours EQU18600

XMHRS = EXP(6.169937+.294853%X+.175999*X**2 ~ 04097#X%* 3,+,003300%X**4,)

3 4
e6.169937+0.294853X+0.175999X2-0.04091¢7X +0.003300X

¥HHRS = {hrs/yr]
(3) Blower horsepower
EHP = ECFM/DMATX(15,N)*8.1%144./(33000.%.8) EQU18800
. _8.1ECFM*144
EHP = —3500ECF*0.8 [he)
(4) Blower kilowatts
XKW = .B*EHP EQU18900
_  8.1ECFM*144
XKW = —33000ECF (k]
(5) Blower kilowatt years
XKWPY = XKW*24.%365. EQU19000
XKWPY = 24XKW*365 few-yrs ]
(6) Energy cost
ECOST = XKWPY*DMATX(10,20) EQU19100
ECOST = 24XKW*365*CKWH [dollars/yr]
(7) Supplies cost
SCOST = EXP(.621382+.482047*%X)%1000. EQU19200
0.621382+0.482047X
SCOST = 1000e [dollars/yr]
Total operating and maintenance costs EQU19700

COSTO(N,2) = ((OHRS+XMHRS)*DHR* (1.+PCT)+SCOST*WPI+ECOST)/SMATX(2,1)/3650.

L (OHRS+XMMHRS) *DHR* (1+PCT) J+(SCOST*WPI)+ECOST

* ts/1000gal
QPlant inf. 3650 [eents/ gall

COSTO =
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Pumping system of concrete tank
a. Capital cost

Function of QISl*ECF

X = ALOG(SMATX(2,IS1)*DMATX(14,N)) EQU09600
X = 1n (Qpg;*ECF)
CCOST(N,3) = EXP(3.481553+.377485%X+.093349%X**2,~,006222%X**3,)*1000.

EQUO09700

3 [dollars]

2
CCOST = 1000e3ﬁ481553+o'377485X+0‘093349x -0.006222X

b. Operating manhours, maintenance manhours and materials/supplies costs

Function of Qrgy

X = ALOG(SMATX(2,IS1)) EQU10500
X =1n QISl
(1) Operating manhours EQU11100

OHRS = EXP(6.097269+.253066%X~,193659%X**2 ,4+.078201%X**3,~,006680*%X**4,)

2 3 4
OHRS = e6.097269+0.253066X—0.193659X +0.078201X"-0.006680X [hrs/yr]

(2) Maintenance manhours

XMHRS = EXP(5.911541-,.013158*X+.076643%X*%2,) EQU11300
- 2
RMERG = o5-911541-0,013158%+0.076643% [hrs/yr]
(3) Kilowatt hrs per year EQU12100

YRKW = SMATX(2,I51)*1000000.*HEAD/1440./3960./PEFF/.9%.7457%24 %365,

Qrg1*1000000*HEAD* 0, 7457%24%365

YRKW =
1440%3960%PEFF*0, 9 (kwhr /yr]
(4) Energy cost
ECOST = YRKW*DMATX(10,20) EQU12200
ECOST = YRKW*CKWH [dollars/yr]
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(5) Supplies cost

SCOST = EXP(5.851743+.301610*%X+.197183%X##2,-,0179624X**3,) EQU12300

2 3
SCOST = e5.851743+0.301610X+0.197183X -0.017962X [dollars/yr]

(6) Total materials and supplies
TMSU = ECOST+SCOST*WPI EQU12400

TMSU = ECOST+(SCOSTAWPI) [dollars/yr])

c. Total operating and maintenance costs

COSTO(N,3) = (COHRS+XMHRS)*DHR*(1.+PCT)+TMSU)/SMATX(2,1)/3650. EQU12900

COSTO = [(0HRS;XMHRS)*DHR:§%§§CT)J+TMSU [cents/1000gal]
Plant Inf.

Pumping system of earthen pond
a. Capital cost

Functi f *
unction o QISl ECF

X = ALOG(SMATX(2,IS1)*DMATX(14,N)) EQU13500

X = 1“(QISI*ECF)

CCOST(N,4) = EXP(8.109253+.646743*X) EQU13600
8.109253+0.646743X
CCOS. = e [dollars]
b. Total operating and maintenance costs EQU14200
COSTO(N,4) = 0 [cents/1000gal]
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Equal basin for earthen pond

a.

Capital cost
Function of AREA
X  ALOG(AREA)

X = 1In AREA

(1) For AREA<1 ACRE

CCOST(N,1) = 22000

(2) For AREA>1 ACRE

EQU20400

EQU21100

[dollars]

EQU22500

CCOST(N,1) = EXP(3.501091+.422086*X+.079097*X**2.-,008338*X*%3.)*1000.

3.50109l+0.422086X+O.079097X2—0.00833BX3

CCOST = 1000e

[dollars]

Operating manhours, maintenance manhours and materials/supplies costs

(1) For AREA<I ACRE

(a) Operating manhours

OHRS = 600

(b) Maintenance manhours

XMHRS = 100

(c) Total materials and supplies

TMSU = 0

(2) For AREA>1 ACRE

(a) Operating manhours

EQU21700
[hrs/yr]

EQU21800
[hrs/yr]

EQU23900

[dollars/yr]

EQU23200

OHRS = EXP(6.547042+.262634%X+,058298%X*%2,—,013454*X** 3 +,001494%X**4,)

OHRS =

A
e6.547042+O.262634X+0.058298X2-0.013454X3+0.001494X

[hrs/yr]



(b) Maintenance manhours

XMHRS = EXP(4.844423+,327982%X+.017677%X*%2.) EQU23400
2
4.84442340.327982X+0.017677X
XMHRS = e (hrs/yr]
(c) Total materials and supplies EQU23900
TMSU = 0 [dollars/yr]
¢c. Total operating and maintenance costs EQU24400

COSTO(N,1) = ((OHRS+XMHRS)*DHR*(1.+PCT)+TMSU*WPI)/SMATX(2,1)/3650.

(OHRS+XMHRS) *DHR* (1+PCT)+(TMSU*WPI)

cosTo QPlant Inf.*3650 [cents/1000gall]
Blower for earthen pond
a. Capital cost
Function of THP
X = ALOG(THP) EQU25000
X = 1n THP
EQU25800

(1) For IAER =0

CCOST(N,2) = EXP(.647120+.438812%X+.031192*X**2,)*1000.

O-647120+0.438812X+0.031192X2
CCOST = 1000e [dollars]

(2) For IAER<>0 EQU26600

CCOST(N,2) = EXP(3.141014-.218751%X+,136739*X**2,-,006042%X**3,)*1000.

2 3
CCOST 1000e3.141014—0.218751X+O.136739X -0.006042X [dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs

Function of THP/ECF

X = ALOG(THP/DMATX(15,N) ) EQU27300
= THP
X In TCF
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(1) Operating manhours EQU27900

OHRS = 0 [hrs/yr]
(2) Maintenance manhours EQU28000
XMHRS = 0 [hrs/yr]

(3) Blower kilowatts

XKW = .8*THP/DMATX(15,N) EQU28100
XKW = 0.8THP [kw]
ECF

(4) Blower kilowatt years

XKWPY = XKW*24,%365. EQU28200
XKWPY = 24XKW*365 [kw/yrs]

(5) Energy cost

ECOST = XKWPY*DMATX(10,20) EQU28300
ECOST = 24XKW*365*CKWH [dollars/yr]

(6) Supplies cost

SCOST = EXP(4.016957+.534211%X) EQU28400
4,016957+0.534211X
SCOST = e [dollars/yr]
Total operating and maintenance costs EQU28900

COSTO(N,2) = ((OHRS+XMHRS)*DHR* (1.+PCT)+SCOST*WPI+ECOST) /SMATX(2,1)/3650.

COSTO = (OHRS+XMHRS ) *DHR* (1+PCT)+(SCOST*WPI)+ECOST

*
QPlant Inf. 3650

[cents/1000gal]
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Pond lining
a. Capital cost

CCOST(N,5) = SAREA*COSTL

b. Total operating and maintenance costs

COSTO(N,5) = 0

Land requirement
Function of AREA
X = ALOG(AREA)

X = 1n AREA

PLAND

EXP(1.588306+.529246*X+.0386114X**%2.)

2
. . +0.
P - e1 588306+0.529246X+0.038611X

CLAND = PLAND*DMATX(7,20)

2
1.588306+0.529246X+0.038611X

CLAND = DA*e
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EQU29500
[dollars]

EQU30000
[cents/1000gal]

EQU30500

EQU30600

[acres]

EQU30700

[dollars]
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EQUO0100

EQUALIZATION EqU00204

PROCESS IDENTIFICATION NUMBER 20 £QU00300
EQUO0400

SUBROUTINE EQUAL EQU00500
EQU00600

EQUuo?o0

CUMMON INITIAL STATEMENTS EQU00800
EQU00900

INTEGER 0510052 "EQU01000
DIMENSION SIZE(14) EQU01100

COMMOW SMATX(20+30) » TMATX(20+30) »DMATX(20+20) ¢ OMATX(20+20)»1P(20) »EQU0L200
1INPrIUPIS1eIS2,05190S29Ne JAERFCCOST(20¢5),C0STO(20+¢5)ACOST(20+5)EQU01300
29TCOST(20+5) rUHRIPCTrwP19+CLAND+DLANDYFLOW(25) s POW(25) ¢ TKWHD (25) EQUU1400

DATA SIZE/5497459106215¢22060256130,740e750,060¢¢75,1100+¢125.+150EQU01500

1e/ EQUG1600
EQUO1700

EQU01800

ASSIGWMENT OF DESIGN VALUES TO PROCESS PARAMETERS EQU01900

EQU02000

VAER=U . EQUO2100
ECFM=0. EQU02200
PLAND=0. EQU02300
CLAND=G . EQU02400
HP=0. EQU02500
HP1=0. EQUO02600
XN=0+» EQUO02700
THP=0. EQU02800
IAERSUMATX (1¢N) EQU02900
RLW=DMATX(2¢N) EQUO03000
COSTL=DMATX(3¢N) EQU03100
HEADSUMATX (42 N) EQU03200
IMAT=UMATX(5¢N) EQU03300
EQUO3400

EQU03500

EFFLUENT STREAM CALCULATIONS EQU03600

£QU03700

DO 10 I=2,20 EQU03800
10 SMATX(I+051)=SMATX(Ir1S]) EQU03900
EQUO4O000

EQUO%100

CALC. OF OUTPUT S1ZES AND QUANTITIES EQUU4200

_ EQUO4300
QP=1+78%SMATX(2¢1S1)%*%,92 EQUOH400
VU=SMATX(ZoISl)t.12:1000000./7.48*DMATX(lbON) £QU04500
IF (IMAT) 50:20¢50 EQUO4600
20 IF (VU=39000.) 30130240 EQUO4T00
30 VUz=39000. EQUO4800
WIDTH=90., EQUO04900
AREA=,18595 EQUO5000
VMINZ1500. EQU05100
SAREA:(Z.*WIDTH*(1.+RLw)-156.)*53.76+(WIDTH—90.)*(RLW*WIDTH-90.)+ZEQU05200
10.%(24,+ (1. +RLW)*wIDTH) EQU05300
GO 10_60 EQUO5400
HolngzH;;ESO-*(1.+RLN)*(90000.*(1.*RLH)**2.-40-*RLW*(12000.-VU))tt.SEQUOSSOO
AREAZRLW*WIDTH* %24 /43560« Eggggggg
VM1N=b.*RLW*WIDTH**Z-‘B?S.*NIDTH*(I.*RLH)+2b500- EQU05800
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o0

70
80

Y0
100

1i0

120
150

140

150

lo0

180

190

200

210
2<0

SAREA:(Z.‘NIDTH#(1.+RLN)'156.)*53-76*(WIDTH-90.)*(RLN*NIDTH-90.)+2EGU05900

10e% (24 4+ (1 +RLW)*WIDTH) EQU06000
G0 TO 60 EQU06100
50 NIDTH=(300.*(1.*RLN)*(90000-*(10*RLW>**2-‘“0-*RLW*(120000-VU))‘*05E0U06200
1)/20¢/RLW EqU06300
AKEASKLW*WIDTH*%2. /43560 EQUU6400
VMINSVU%,2857 EQU06500
SAREA=0. EQUO6600
VUMG=VU*7.4871000000. EQUO6700
VOMG=VMIN*7,48/1000000, EQUOKB00
VT=VUMG+VOMG EQU06900
IF (IMAT) 170,70¢170 EQUG7000
IF (Vi=1l.4) 90r90¢80 EQU07100
HPAZ=VT*29,88 EQU07200
60 70 100 EQUUT7300
HPA=VT%235,36/(VT%%,5) EQUO7400
HPBSVT*59./(VT#%x,4254) EQUO7500
IF (HPA=-HPB) 11001200120 E£0U07600
HPZHPSxDMATX{15¢N) EQUOT7700
60 TO 130 EQUO07800
HP=HPA®*DMATX(15/N) EQU07900
DO 150 I=1r14 EQU08000
IF (HP=SIZE(I)) 140,140,150 EQULOB100
HP1=SIZE(1) EQUOB200
XN=1 EQU08300
G0 TO 160 E£QUOB400
CONTINVE EQU08S500
HP1=150. EQU0B600
XN=HP/150. EQU0BT00
IXN=XiN EQUOB8800
XIN=IXiN+1 EQU08900
THP=HP 1 x XN EQU09000
EQU09100

EQUO9210

CALCs OF CAPITAL COSTS FOR PUMPING SYSTEM OF CONCRETE EQUUL9300

TANK SASED ON DESIGN PLUS EXCESS CAPACITY EQU09400

. EQU09500

170 X=ALOG(SMATX(2¢IS1)%xDMATX(14¢N)) EQU09600
CCOSTING3)SEXP (344815534 377485%X+,093349%X%%2,=e006222%X%x%*3,)*100EGU09700
10. EQU09800
EQU09900

EQU10000

CALCs OF OPERATING COSTS FOR PUMPiNwb SYSTEM OF CONCRETE EQU10100

TANK BASED ON DESIGN CAPACITY ALONE, DOES NOT INCLUDE EQU10200

EXCESS CAPACITY EQU10300
EQU10400

X=ALOG(SMATX(2,151)) EQU10500
EQU10600

EQU10700

CALC. OF OPERATING MANHOURS: MAINTENANCE MANHOURS EQU10800

AND MATERIALS AND SUPPLIES E6U10900

£QU11000

OHRSZEXP (00972694 253066%xX=¢193659%X#%2¢4+. 078201 %X%%3,=,006680%xX*EQU11100
1%4,) EQU11200
XMHRSZEXP(5:911541=,013158*%X+.076643%X%%2,) EQU11300
IF (SMATX(2,IS1)=1.44) 1800¢190,190 EQU11400
PEFF=.70 EQU11500
GO YO 220 EQU11600
IF (SMATX(2,151)=10.08) 2000210¢210 EQU11700
PEFF=.74 EQU11800
60 TO 220 EQU11900
PLFF=.83 EQU12000
YRKWSSMATX(2¢1S1) 21000000, *HEAD/1440+/3960+/PEFF/ 9%, 7457424 .%365.EQU12100
ECOST=YRKw*DMATX(10,20) £QU12200
SCOSTSEXP(5.851743+,301610#X+.197183*X%*2,=,017962%%X*4+3,) EQU12300
TMSU=LCOST+SCOST*WP] EQU12400
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OPERATINu COST EQUATION
COSTO(Ns3)=( (OHRS+XMHRS ) #*DHR* (1. +PCT) +TMSU) /SMATX (2+1) /3650,
CALCs OF CAPITAL COSTS FOR PUMPING SYSTEM OF EARTHEN
PUND BASED ON DESIGN PLUS EXCESS CAPACITY

X=ALOG(SMATX (2, 1IS1) «DMATX(14+N))
CCOSTINIY)IZEXP(8+109253+.646743%X)
CALCs OF OPERATING COSTS FOR PUMPING SYSTEM OF EARTHEN
POND

COSTO(N,&4)=0.

CALCs OF CAPITAL AND OPERATING COSTS FOR CONCRETE TANK

IF (IMAT) 230,240,230
VOMG=U,

VT=vUmG
VAER=VT*1000./7,48

CALC. OF CAPITAL COSTS FOR EQUaL BASIN BASED ON
LESIGN PLUS EXCESS CAPACITY

X=ALOG(VALR)

EQU12500
EQU12600
EQU12700
EQU12800
EQU12900
EQU13000
EQU13100
EQU13200
EQU13300
EQU13400
EQU13500
EQU13600
EQU13700
EQU13800
EQU13900
EQU14000
EQUL4100
EQU14200
EQU14300
EQU14400
EQU14500
EQU14600
EQU14700
EQU14800
EQU14900
EQU15000
EQU15100
EoU15200
EQU15300
EQUL5400
EQU15500
EQU15600

CCOSTUNI1IZEXP(2.414300+4175682%X+,0847424X#%2,=:002670%X*%x3,)*100EQU15700

10.

CALC. OF OPERATING COSTS FOR E@UAL BASIN

COSTO(NP1)=0,

CALC. OF CAPITAL COSTS FOR BLOWER BASED ON DESIGN

PLUS EXCLSS CAPACITY

ECFM=20,*VAER*DMATX (15N}
X=ALOG(ECFM/1000.)

EQU15800
EQU15900
EQU16000
EQU16100
EQU16200
EQU16300
EQU16400
EQU16500
EQU16600
EQU16700
EQU16800
EQU16900
EQU17000
EQU17100

CCOST(NoZ):EXP(H-1“5454+-b33339tx+-031939*X**2o--002“19*X*#3-)*100EOU17200

10,

CALC. OF OPERATING COSTS FOR BLOWER BASED ON DESIGN

CAPACITY ALONE. DOES NOT INCLUUE EXCESS CAPACITY
X=ALOG(ECFM/1000+/DMATX(15¢N)})

CALC. OF OPERATING MANHOURS,» MAINTENANCE

MANHOURS AND ELECTRICAL PUWER AND SUPPLY COSTS

OHR5=£XP(0.900586*-52)725*X+.059093*X**2---004926*X**3.)

EQU17300
EQU17400
EQU17500
EQU17600
EQU17700
EQUL7800
EQU17900
EQU18000
EQU18100
EquUlB200
EQU18300
EQU18400
EQU18500

XMHRSZEXP(6.169937+.29u853*x+-175999*x*¥2-°.040947*X**3o*-003300*XE0U18600

1*x4,)
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£QU18700
.
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EHP=ECFM/UMATX (15/N)#8,1%144,7/(33000+%.8)

XKW:QO*EHP
XKWPYZXKVI*Z“ %365,
ECOSTEXKWPY*DMATX{(10020)

SCUSTIEXP(.621382+.482047%X) %1000,

OPERATING COST EQUATION

EQU18800
EQU18900
EQU19000
EQU19100
EQU19200
EQU19300
EQU19400
EQU19500
EQU19600

COSTO(NS2)=( (OHRS+XMHKS) *DHR* (1 . +PCT) +SCOSTWPI+ECOST) /SMATX(2,1)/EQU19700

13050 *
60 TO 310

CALCe OF CAPITAL AND OPERATING COSTS FOR EARTHEN POND

240 X=ALOw(ARLA)
IF (AKEA=1.) 2500260+260

CALC. OF CAPITAL COSTS FOR EQUAL BASINs LESS THAN

1 ACRE

250 CCOSTIN»1)=22000.

CALC., OF OPERATING MANHOURS: MAINTENANCE MANHOURS

FOR EQUAL BASIN»

OHRS=000,
XMHRS=100.
60 1O 270

LESS THAN 1 ACRE

CALC. OF CAPITAL COSTS FOR EQUaL BASINe EQUAL OR
GREATER THAN 1 ACRE

EQU19800
EQU19900
EQU20000
EQU20100
EQU20200
EQU20300
EQU20400
EQU20500D
EQU20600
EQU20700
EQU20800
EQU20900
EQU21000
EQUZ21100
EQU21200
EQU21300
EQU21400
EQU21500
EQU21600
EQU21700
EQU21800
EQU21900
EQU22000
EQU22100
EQU22200
EQU22300
EQU22400

260 CCOSTINe1)SEXP(3:501091++422086%X+.079097*X%%2.~+,008338%X*%3,)*100EQU22500

10.

CALC. OF OPERATING MANHOURS* MAINTENANCE MANHOURS

FOR EQUAL BASINe

EQUAL OR GREATER THAN 1 ACRE

EQU22600
EQU22700
EQU22800
EQU22900
EQU23000
EQU23100

OHRSZEXP (D 547042+ .262634%X+,058298%X#%2:=, (13454 x*3.+.00149U*X*E£QU23200

1%4,)

XMHARSZEXP (4 ,844423+,327982%X+.017677%X*%2,)

CALC. OF SUPPLIES AND MATERIALS FOR EQUAL BASIN

270 TMSUZ0,.

OPERATING COST EQUATION FOR EQUAL BASIN

COSTO(N?11=( (OHRS+XMHRS ) *DHR* (1 4 +PCT) +TMSU*WP1)/SMATX(2+1)/3650.

CALC. OF CAPITAL COSTS FOR BLOwWER BASED ON DESIGN
PLUS EXCESS CAPACITY

X=ALOG(THP)
IF (I1AER) 290,280,290

215

EQU23300
EQU23400
EQU23500
EQU23600
EQU23700
EQU23800
EQU23900
EQU24000
EQU24100
EQU24200
EQU24300
EQU24400
EQU24500
EQU24600
EQU24700
EQU2u4800
EQU24900
EQU25000
EQU25100
EQU25200
EQU25300
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CALC. OF CAPITAL COSTS FOR BLOWER IF SMALL
IMPELLER MECHANICAL AERATORS ON FLOATING
PLATFORMS ARE USED

CCOSTINP2)TEXP (6471204 ,438812%X++031192%X*%2,)%1000.
60 TO 300

CALC. OF CAPITAL COSTS FOR BLOWER IF LARGE
IMPELLER MECHANICAL AERATORS ON STATIONARY
PLATFORMS ARE USED

EQU25400
EQU25500
EQU25600
EQU25700
EQU25800
EQU25900
EQU26000
EQU26100
EQU26200
EQU26300
EQU26400
£EQU26500

290 CCOSTING2)ZEXP(3¢141014=4218751%X+.136730%X%*2.,=+006042%X%%3,)*100EQU26600

300

310

10.

CALC. OF OPERATING COSTS FOR BLOWER BASED ON DESIGN
CAPACITY ALONEs DOES NOT INCLULE EXCESS CAPACITY

X=ALOG(THP/DMATX (15siv))

CALC. OF OPERATING MANHOURS» MAINTENANCE
MANHOURS AND ELECTRICAL POWER AND SUPPLY COSTS

OHRS=U .

XMHRS=0.
XKw=eo*THP/DMATX (15N}
XKWPY=XKW%24 42365,
ECOST=XKWPY*DMATX(10+20)
SCOST=EXP(4.016957+,534211%X)

OPERATING COST EQUATION

EQU26700
EQU26800
EQU26900
EqQU27000
EQU27100
EQU27200
EQU27300
EQU27400
EQU27500
EQU27600
EQU27700"
EQU27800
EQU27900
EQU28000
EQU28100
EQU28200
EQU28300
EQU28400
EQU28500
EQU28600
EQU28700
EQU28800

COSTO(N»2)=( (OHRS+XMHRS ) *DHR* (1, +PCT) +5COST+WPI+ECOST) /SMATX (2,1)/EQU28900

13650,

CALC. OF CAPITAL COSTS FOR POND LINING

CCOST(NI5)=SAKEA*COSTL

CALC. OF OPERATING COSTS FOR POND LINING

COSTO(N»5)=0.

CALC. OF COST FOR LAND

X=ALOG (AREA)
PLAND=EXP(1.588306+.529245*X+-038611*x*#2 )
CLAND=PLAND*DMATX (7,20) )

ASSIGNMENT OF VALUES TO OMATX

OMATX(1sN)=WIUTH
OMATX(2+N) =AREA
OMATX (3¢N) =yUMG
OMATX (49 N)=VOMG
OMATX(5,N)=VT

OMATX (6¢N) =SAREA
OMATX(7¢N)=HP

216

EqU29000
EQU29100
EQU29200
EQU29300
EQU29400
EQU29500
EQU29600
EQU29700
EQU29800
EQU29900
EQU30000
EQU30100
EQU30200
EQU30300
EQU30400
EQU30S5S00
EQU30600
EQU30700
EQU30800
EQU30900
EQU31000
EQU31100
£QU31200
EQU31300
EQU31400
EQU31500
EQU31600
EQU317G0
EQU31800
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OMATX(8/N)=HP1
OMATX(9¢N)=XN
OMATX(10¢N)S=THP
_OMATX(11¢+N)=PLAND
OMATX (12 N)=CLAND
OMATX(13¢in)=VAER
OMATX (14 rN)=ECFM

PROCESS ENERGY INDICES

FLOW(N)=SMATX(2s151)
PUW(N)=20,

RETURN

END
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EQU31900
EQU32000
EQU32100
EQU32200
EQU32300
EQU32400
EQU32500
EQU32600
EQU32700
EQU32800
EQU32900
EQU33000
EQU33100
EQU33200
EQU33300



SECTION 22
SECOND STAGE ANAEROBIC DIGESTION, DIG2
Subroutine Identification Number 21

Rev. Date 8/1/77
Second Stage Anaerobic Digestion, DIG2

1. Process symbol.

082 (Recycle) IS1l: Sludge input stream

0S1: Sludge output stream

0S1l 0S2: Supernatant output stream

N: User assigned number to
the process

2. Input parameters and nominal values.

DMATX(1,N) = TRR Solids recovery ratio for the second stage anaerobic
digestion, [.81].

DMATX(2,N) = TSS Total suspended solids concentration of 0S1, mg/l, [50,000.]

DMATX(3,N) = TD Second stage anaerobic digester detention time, days, [15.].

DMATX(16,N) = ECF Excess capacity factor for the process, [1.].

3. Output parameters which are printed on computer output sheets.

TRR = DMATX(1,N)
TSS = DMATX(2,N)

TD = DMATX(3,N)

VDIG = OMATX(1,N) Volume of the second stage anaerobic digester, cu. £t./1000.
CCOST Capital cost, [dollars].

COSTO Operating and maintenance cost, [cents/1000 gal]-

ACOST Amortization cost, [cents/1000 gall.

TCOST Total treatment cost, [cents/1000 gall.

ECF Excess capacity factor.
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Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

VDIG = DMATX(3,N)*SMATX(2,IS1)#*133.69*DMATX(16,N) DI204100

VDIG = TD*Qrg1*133.69*ECF [£t3/1000]

SMATX(10,082) = ((1.-DMATX(1,N))/(1.-DMATX(1,N)*SMATX(10,IS1)/DMATX(2,N)))*SMATX(10,IS1)

(L-TRR) *TSS DI201900
TSSggp = - _°°IS1
082 | TRR¥TSSys) (mg/1]

ETE

TEMP1 = DMATX(2,N)/SMATX(10,IS1) DI202100

TSS

TEMP1 =
TSSISl

[no units]

TEMP2 = SMATX(10,052)/SMATX(10,1IS1) DI202200

TSS
TEMP2 = 0952 [no units]
TSS1g1

SMATX(10,0S1) = DMATX(2,N) DI202300

TSSpg1 = TSS

SMATX(2,0S81) = (SMATX{10,IS1)-SMATX(10,052))*SMATX(2,IS1)/(SMATX(10,051)-SMATX(10,052))

Qosy = STSS151 ~ TSS052)*Qrs) DI202400
(T5Sgg1 - T5S0s2) [MGD]

SMATX(2,082) = SMATX(2,IS1)-SMATX(2,0S1) 1202600
Qs2 = s1 ~ s Mep]

SMATX(1,081) = TEMPL*SHATX(L,1S1) DI203200

SMATX(I,0S1) = TEMP1*SMATX(I,IS1) [mg/1]

I=23,9, i.e. SOC,SNBC,SON,SOP,SFM,SBOD,VSS

SMATX(I,082) = TEMP2*SMATX(I,IS1) DI203300
SMATX(I,0S2) = TEMP2*SMATX(I,IS1)

I=3,9
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SMATX(I,0S1) = SMATX(I,IS1) DI203500
SMATX(I,0S1) = SMATX(I,IS1)

I=11,20 i.e. DOC,DNBC ,DN, DP ,DFM, ALK, DBOD,NH3 ,NO3

SMATX(I,082) = SMATX(I,IS1) DI203600
SMATX(I,0S2) = SMATX(I,IS1)

I=11,20

References:
Smith, 1969
Patterson and Banker, 1971
Cost functions.
a. Capital cost
Function of VDIG
X = ALOG(VDIG) DI204700

X = 1n VDIG

(1) Digester facilities less than 20000 ft3

CCOST(N,1) EXP(4.594215+.127244%X~.004001*%X*%2,)*1000. DI205400
CCOST = 1000e4.594215+0.127244X-0.004001X2 [dollarg]
(2) Digester facilities equal or greater than 20000 £e3 DI206100

CCOST(N,1) = EXP(7.679634-1.949689%X+.402610%X**2,~ 01821 1%X**3,)*1000.
CCOST  1000e7-679634-1.949689%+0.402610X2-0.018211X3 [ollard

b. Operating manhours, maintenance manhours, and materials/supplies costs

Function of VDIG/ECF

X = ALOG(VDIG/DMATX(16,N)) DI1206800

X = 1n(VDIG/ECF)
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(1) Digester facilities less than 20000 ft3

(a) Operating manhours

OHRS = EXP(6.163803+.166305%X-.012470%X**2,) DI207600

OHRS = e6.163803+0.166305X-0.012470X2 [hrs/yr]

(b) Maintenance manhours

XMHRS = EXP(5.726981+.113674%X) DI207700

XMHRS = 65.726981+0.113674X [hrs/er

(c) Total materials and supplies

TMSU = EXP(6.531623+.198417%X+.021660%X**2,) DI207800

2
THSU = e6+531623+0.198417%+0.021660K*  [4011.0c/0r ]

(2) Digester facilities equal or greater than 20000 ft3

(a) Operating manhours DI1208600

OHRS = EXP(9.129250-1.816736*X+.373282*X*%2,~,017290*X**3.,)

2_ 3
OHRS = e9-129250-1.816736X+0.373282X2-0.017290X [ hrs/yr]

(b) Maintenance manhours DI1208700

XMHRS = EXP(8.566752-1.768137%X+.363173%X**2.-,016620%X**3.)

XMHRS = e8566752-1.768137X+O.363173)(2-0.016620)(3 [hrs/yr ]
(c) Total materials and supplies DI208800
TMSU = EXP(8.702803-1.182711%X+.282691%X**2,—,013672%X**3.)
TMSU = o8+702803-1.182711X+0.282691x2-0.013672X3 [dollars/yr]
¢. Total operating and maintenance costs DI1209300

COSTO(N,1) = ((OHRS+XMHRS)*DHR* (1.+PCT)+TMSU*WPI)/SMATX(2,1)/3650.

COSTO = (OHRS+XMHRS)DHR (1 +PCT)+TMSU (WPI) [cents/lOOO gal]
Qplant Inf. *3650
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StCOND STAGE ANAEROBIC DIGESTION DI200200
PROCESS IDENTIFICATION NUMBER 21 DI200300
DI200400

SUBROUTINE Dlo2 DI200500
D1200600

01200700

COMMON INITIAL STATEMENTS DI200800
01200900

INTEGER 0510052 01201000

CUMMOIN SMATX(20+30)»TMATX(20»30) »DMATX(20,20)¢OMATX(20+20)»1P(20),01201100
1INPsIOrISLr15200511052eNr IAERFCCOST(20¢5)¢C0STO(20+5)¢ACOST(20+5)D1201200
2¢TCOST(20+5) vOHR*PCTowP1¢CLAND»DLANDFLOW(25) »POW(25) ¢ TKWHD (25) D1201300

DI201400

D1201500

PROCESS RELATIONSHIPS REQD. TO CALC, EFFLUENT STREAM DI201600
CHARALTERISTICS . D1201700
DI201800

SMATX(10+¢0S2)=( (1+=DMATX(LeN))/(1e=DMATX (1o N)*SMATX(10+151)/DMATX(DI201900
12/8) ) )« SMATX (101 151) DI1202000
TEMPL=DMATX(2¢N) /SMATA(10,1IS1) DI1202100
TEMP2=SMATX (10¢052) /SMATX(100IS1) DI202200
SMATX(10+US1)=DMATX(2¢N) DI202300
SMATX(2¢051)=(SMATX(10¢IS1)=SMATX(100052) ) *SMATX (2, 1S1)/ (SMATX(10,D1202400
1051)=5MATX(10,052)) D1202500
SMATX(2+052)=SMATX (29 IS1)=SMATX(2,0S1) p1202600
D1202700

D1202800

EFFLUENT STREAM CALCULATIONS D1202900
DI1203000

00 10 I=3.,9 DI203100
SMATX(I+051)=TEMP1*SMATX(I+151) D1203200
SMATX(1+052)=TEMP2%SMATX(1+151) DI203300
DU 20 I1=11+20 DI203400
SMATX(I+051)=SMATX(Is151) D1203500
SMATX(1+052)=SMATX(1¢1S1) D1203600
D1203700

D1203800

CALC. OF OUTPUT SIZES AND QUANTITIES DI203900
DI1204000

VDIGSUMATX(30N) *SMATX(2,1S1)%133,694«DMATX (16eN) D1204100
D1204200

DI204300

CALC. OF CAPITAL COSTS BASED ON DES1IGN PLUS EXCESS DI1204400
CAPACITY DI1204500
X=ALOG(VD16) D1204700
IF (VU16~20,) 30+40¢40 D1204800
01204900

_ 01205000

CALC. OF CAPITAL COSTS FOR SMALL DIG2 FACILITY, DI1205100

LESS THAN 20000 CU. FT. D1205200

_ D1205300
ggo§5(261)-Exp(4.594215+.1272u4*x-.004001*x**2.)t;ooo. DI205400
01205500

D1205600

205700

CALC. OF CAPITAL COSTS FOR LARGE DIG2 FACILITY, gizuSago
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EQUAL OR GREATER THAN 20000 CU. FT.

D1205900
01206000

40 CCOSTUINILISEXP(7+679654~1.949689%X+,402610%X*#2,~,018211*%X**3,)*10D]206100

50

o0

70

80

100,

CALCs» OF OPERATING COSTS BASED ON DESIGN CAPACITY ALONE.
DOES WOT INCLUDE EXCESS CAPACITY

X=ALOG(VDLIG/DMATX(1l6'N) )
IF (VOIG=20.) 60¢70+70

CALC. OF OPERATING MANHOURSe: MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES FOR DIG2 FACILITY,» LESS
THAN 20000 CU. FT.

OHRS=EXP(0+165803++160305%X=,012470%X*%2,)
XMHRSZEXP{5.,726981+.113674%X)

TMSUSEXP (6¢531623+.19841T%X+,021660%X%%24)
60 TO 80

CALC. OF OPERATING MANHOURSs MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES FUR DIG2 FACILITY, EQUAL
OR GREAYER THAN 20000 CU. FT.
OHRSZEXP(9.129250=1.8L6736%X+.373282%X##2.~,017290*X*%3,)
XMHRSZEXP (8+506752=1¢768137%X+ 3631734 X*%2,=4016620%X*%3,)
TMSU=EXP(8+702803=1.182711%X+.282691%X*%2,=,013672%x*%3,)
OPERATING COST EQUATION

COSTO(N»1) T ((OHRS+XMHRS) *DHR* (1. +PCT) +TMSU*WP1) /SMATX(20,1)/3650.

ASSIGNMENT OF VALUES TO OMATX

OMATX(1eN)=VDI1G

PROCESS ENERGY INDICES

FLOW (1) =SMATX(2+151)
POW(N)=21,

RETURN

END
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SECTION 23

LAND DISPOSAL OF LIQUID SLUDGE, LANDD

Subroutine Identification Number 22

Rev. Date 8/1/77
Land Disposal of Liquid Sludge, LANDD

1. Process symbol.

IS1: Sludge input stream

0Sl: Zero output since sludge
percolates into soil

151 o051

N: User assigned number to
the process

2. Input parameters and nominal values.

DMATX(1,N)  TAYR Amount of dry solids disposal, tons/acre/yr. [15.]
DMATX(2,N) = SP Sludge storage period before disposal, yr. [.25]
DMATX(3,N) DIST Round trip sludge hauling distance by truck,

miles. [10.]
DMATX (4,N) = TS Sludge leading capacity of trucks used for

hauling, gallons. [1200.]
DMATX(5,N) = YRSL Amortization period for trucks, yr. [6.]
DMATX(15,N) = ECF Excess capacity factor for trucking capacity. [1.)]
DMATX (16 ,N) = ECF Excess capacity factor for the sludge holding

lagoon. [1.]
3. Output parameters which are printed on computer output sheets.

TAYR = DMATX(1,N)

SP = DMATX(2,N)

DIST = DMATX(3,N)

TS = DMATX(4,N)

YRSL = DMATX(5,N)

TYT = OMATX(1,N) Total number of trips made per year by each truck.

TTYR = OMATX(2,N) Total number of trips made per year by all the trucks.
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TRKN = OMATX(3,N)
SLV = OMATX(4,N)
TONS = OMATX(5,N)

ALAND = OMATX(6,N)

DLAND = OMATX(7,N)

COL = OMATX(8,N)

AFT = OMATX(9,N)

CCOST
COSTO
ACOST
TCOST

ECF

Total number of trucks needed to haul the sludge.

Volume of sludge in storage, cu £t/1000.

Amount of dry solids applied to the land, toms/yr.
Required land area for spreading the sludge (this

land area requirement is not included in the total
land area requirement, ACRE, for the whole plant),

acre.

Interest cost on the capital investment in land for
sludge spreading, $/yr.

Capital cost of land area required for sludge
spreading, $.

Amortization factor for trucks based on a 6
year lifetime.

Capital cost, [dollars].

Operating and maintenance cost, [cents/1000 gal].
Amortization cost, [cents/1000 gal].

Total treatment cost, [cents/1000 gal].

Excess capacity factor.

Theory and functions -~ FORTRAN statement followed by equivalent algebraic equation.

TYT = 260.%8./(.04*DIST+.5) LAN02700
- 260*8
T = S 04DISTHOS [erips/yr/truck]
TTYR = 365.*SMATX (2,IS1)*1000000./TS LAN02800
TTYR = 365*%1000000Q151 [trips/yr]
T8
TRKN = TTYR/TYT LAN02900
TRKN = I%%% [number]
NNN = TRKN*DMATX(15,N) LAN03000
NNN = TRKNXECF [number]
TRKN = NNN+1 LAN03100
TRKN = (TRKN*ECF)+1 [number]
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SLV = SP*365,*SMATX(2,1S1)*1000000./7.48/1000.*DMATX (16,N) LAN03200

365SP*Qgg1*1000000ECF 3
SLV =
7.%8%1000 [£e7/1000]
TONS = (SMATX(10,IS1)+SMATX(15,IS1)*SMATX(2,IS1)*8,33#365./2000. LANO3300
~(TSS1g1+DFMyg1) *Qrg*8.33%365
ToNs 2000 [tons/yr]
ALAND = TONS/TAYR LAN03400
TONS
= TAYR [acres]
COL = ALAND*DMATX (7, 20) LANO3500
COL = ALAND*DA [dollars]
DLAND = COL*DMATX(3,20) LAN03600
DLAND = COL*RI [dollars]

AF = DMATX(3,20)*(1.4+DMATX(3,20))**DMATX (4,20) / ((1.4DMATX(3,20))**DMATX (4,20)~-1.)

- RI*[1+RIQYRS
A¥ [1+RIJYRS_1 [no units] LAN03700
AFT = DMATX(3,20)*(1.+DMATX(3,20))**YRSL/((1.+DMATX(3,20))**YRSL-1.) 1LAN03900
AFT = RI*[14+R1]YRSL [no units]

[1+RI]YRSL

References:
Smith and Eilers, 1975

Patterson and Banker, 1971

5. Cost functions.
Sludge storage
a. Capital cost
Function of SLV
X = ALOG(SLV) LANO5000

X = 1n SLV
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CCOST(N,1) = EXP(.375449+.394996*X+.014726%X**2,)*1000. LAN05100

2
CCOST = 1000e0-375449+0.394996X+0.014726X [dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs
Function of TONS
X = ALOG(TONS) LANO5700

X = 1n TONS
(1) Operating manhours
OHRS = EXP(6.567594~.971759%K+,0956894K#%2, ) 5P LANO6300
OHRS = SPheb-567594-0.971759%+0.095689% 2

[hrs/yr]

(2) Maintenance manhours

XMHRS = EXP(-2.087393+2.395831%X~.340388*X*%2,+,017499*X**3,)*SP  LAN06400

- 2 3
XMHRS = Spke—2-087393+2.395831X 0.340388X°4+0.017499X

[brs/yr]
(3) Total materials and supplies
TMSU = 0 [dollars/yr] LAN06500
¢. Total operating and maintenance costs
COSTO(N,1) = ((OHRS+XMHRS)*DHR* (1.+PCT)+IMSU*WPI)/SMATX(2,1)/3650. LAN07000

cosTo = L (OHRS+XMHRS)*DHR* (14+PCT) J+(TMSU*WPI)
Qplant Inf. #3650

[cents/1000 gal]

Sludge transportation
a. Capital cost
Function of TX
X = ALOG(TS/1000.) LANO7600

= 1n IS _
X =1In 1500

CCOST(N,2) = EXP(1.317230+3.959678%X~2.592107*X%%2,+.583467*X**3.)*(1.506/1.761)*1000*TRKN

ccost = 1.506 *1000Tm*e1.317230+3.959678X—2.592107X2-F0.583467x3 Lfﬁogfﬂors]
7
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b. Amortized cost

ACOST(N,2) = CCOST(N,2)*AFT/SMATX(2,1)/3650. LAN0O8300
CCOST*AFT
ACOST = [cents/1000 gal]
Qplant Inf. *3650

¢. Operating manhours, maintenance manhours and materials/supplies costs

For TS > 5500 LANQ9400
OM = 0.475*DIST*TTYR [hrs/yr] LAN10000
For TS < 2500 LAN09500
OM = 0.305%DISTATTYR [hrs/yr] LANQ9600
For TS > 2500 LAN09500
OM = 0.425*%DISTATTYR [hrs/yr] LANQ9800

Maintenance manhours
TMHR = TTYR* (.04*DIST+.5) LAN10100

TMHR = TTYR*(0.04DIST+0.5) [hrs/yr]
d. Total operating and maintenance costs

COSTO(N,2) = (TMHR*DHR*(1.+PCT)+OM*WPI)/SMATX(2,1)/3650. LAN10600

cosTo = [TMHR*DHR* (1+PCT) ]+ (OM*WPI)
QPlant Inf. *3650

[cents/1000 gall

Interest on capital investment
a. Capital cost assumed zero

CCOST(N,3) = 0 [dollars] LAN11200

b. Total operating and maintenance costs
COSTO(N,3) = DLAND/SMATX(2,1)/3650. LAN11300

DLAND
Qplant Inf.

COSTC =

*3650 [cents/1000 gal]
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LAND DISPOSAL OF LIQUID SLUDGE LANOC200
PROCESS IDENTLIFICATION NUMBER 22 LANOO300
LANOO40O

SUBROUTINE LANDD LANOOS500
LANO0600O

LANOO700

COMMON INITIAL STATEMENTS LAN0OO80O
LANGO9S00

INTEGER 051,052 LAND10DO

COMMON SMATX(20¢30) s TMATX(20,30) rDMATX(20,20) rOMATX(20+220) »IP(20) »LANO1100
1INPr10sIS1rIS200S100S2/N? 1AERF . COST(20¢5)rCOSTO(20,5)rACOST(20+5)LANG1200
2¢TCOST(20¢5) vUHRYPCTowPI»CLAND rDLAND FLOW(25) +POW(25) ¢+ TKWHD (25) LANQ1300

LANQ1400

LLANG1S00

ASSIGNMENT OF DESIGN VALUES TO PROCESS PARAMETERS LANO1600
LANO1700

TAYRSUMATX(1eN) LANO1800
SPZpMATX (2eN) LAND1900
DIST=OMATX(3+/N) LAND2000
TSZDMATX (4o N) LANO2100
YRSLZUMATX(5¢N) LAND2200
LANO2300

LANO2400

CALCe. OF OUTPUT SIZES AND QUANTITIES LANOZ2500
LANOZ2600

TYT=200.%8./ (. 04*DIST+,5) LANO2700
TTYRZ265,*SMATX (20 151)%1000000./75S LAND2800
TREKN=TTYR/TYT LANO2900
NNN=TRKN*=OMATX (159N} LANO3000
TRKNSINNN+1 LANO3100
SLV=SP*365.%SMATX(2,151)*%1000000+/7.,48/1000.,*DMATX(16+N) LANO3200
TONS=(SMATX(1UsIS1)4+SMATX (15, 1S1) ) *SMATX (2, ]S1)*8,33%365./2000. LANO3300
ALAND=TONS/TAYR LANO3400
COL=ALAND*DMATX(7,20) LANO3500
DLAND=COL*DMATX (3:20) LANG3600
AFSDMATX(3020) % (1. +DMATR(3+720) Y 2xDMATX(4920)/7( (1 +DMATX(3920) ) **DMLANG3T700
1ATX(4,20)~1,) { ANG3800
AFT=DMATX(3+20) % (1 +DMATX(3+20) ) **YRSL/((1.4DMATX(3+20) ) **YRSL=1+)LANU3900
LANO4000

LANO4100

COST CALCULATIONS LANO4200
LANO4300

1F (SLV) 10+20010 LANO4400
LANO4S00

LANO4600

CAlLCs OF CAPITAL COSTS FOR SLUDGE STORAGE BASED ON LANO4T700

DESIGN PLUS EXCESS CAPACITY LANO4800
LANO4900

10 X=ALOG(SLV) LANOSO000
CCOSTINs1)I=EXP(.375449+,394906%X+,014726%X*%2,) %1000, LANOS100
LANOS200

LANOS300

CALCs OF OPERATING COSTS FOR SLUDGE STORAGE BASED ON LANOS400

DESIGN CAPACITY ALONEs DOES NOT INCLUDE EXCESS CAPACITY LANOS5500
LANOS600

X=ALOG(TONS) . LANOS700
LANOS800
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CALC. OF OPERATING MANHOURS+ MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES

OHRSSEXP(6+56759U=,971759%X+,095669xX%x¥2,.) $5P
XMHRSSEXP (=24 08739342, 395831 %X~ 340385*X*%2,+,017499%X*33, ) x5P
TMSU=0,
OPERATINuv COST EQUATION
COSTO(N¢ 1) =( (OHRS+XMHRS ) *DHR* (1. +PCT) +TMSU*WP]I ) /SMATX(2+1) /3650,
CALCs OF CAPITAL COSTS FOR SLUDGE TRANSPORTATION BASED
ON DESIGN PLUS EXCESS CAPACITY

X=ALOG(TS/1000.)

LANDS900
LANO6000
LANO610O
LANO6200
LANO6300
LANO6400
LANU6500
LANO6600
LANO6700
LANUG8B00
LANDE900
LANO7000
LANO7100
LANO7200
LANO7300
LANO7400
LANO7500
LANOT600

CCOSTINI2IZEXP(131723043.959678%X=2+592107#X%%2++,583467%X%%3, )% (LANO7700

11.506/1.761)%1000.*TRKN

CALC. OF AMORTIZATION COSTS

ACOST(N,2)=CCOSTI(NI2) *AFT/SMATX(2¢1)73650.

CaLC« OF OPERATING COSTS FOR SLUDGE TRANSPORTATION BASED
ON DESIGN CAPACITY ALONEr DOES NOT INCLUDE EXCESS
CAPACITY

CALC. OF OPERATING MANHOURS! MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES

IF (TS=5500.) 30,6060
IF (T5-2500.) 40+50,50
OM=,305%DIST*TTYR

GO TO 70
OM=,425+D4ST*TTYR

60 TO 70
OM=.475%«DIST*TTYR
TMHR=TTYR* (. 04*DIST+.5)

OPERATING COST EQUATION

COSTO(N-Z)Z(TMHR*DHR*(lo*PCT)+0M*wPI)/SMATX(Zol)/3650.

CALC. OF CAPITAL AND OPERATING COSTS FOR INTER ST
THE CAPITAL INVESTMENT . on

CCOST(NI3)=0.
COSTO(N#3)=DLAND/SMATX(2¢1) /3650,

ASSIGNMENT OF VALUES TO OMATX

OMATX(1,N)=TYT

OMATX(2+sNI=TTYR
OMATX(3¢N)=TRKN
OMATX (4,N)=SLV

OMATX(5sN)=TONS
OMATX(6¢N)=ALAND
OMATX(7+N)=DLAND
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LANO7800
LANO7900
LANO80OOD
LANGS8L10O
LANOB200
LANO8300
LANOB400
LANDB500
LANDB600
LAND8700
LANOB800
LAaNOB900
LANO9000
LAND9100
LANGS200
LANQ9300
LANO9400
LANU9500
LANOS600
LANO9700
LAND9800O
LANO9900
LAN10000
LAN10100
L AN10200
LAN10300
LAN1040O
LAN10500
LAN10600
LAN10700
LAN10800
LAN10900
LAN11000
LAN11100
LAN11200
LAN11300
LAN11400
LAN11500
LAN11600
LAN11700
LAN11800
LAN11900
LAN12000
LAN12100
LAN12209
LAN12300
LAN12400



OMATX(8¢N)=COL
OMATX(9sN)=AFT

PROCESS ENERGY INDICES

FLOW(iW)ZSMATX (2, 1I51)
POW(NI=22,

RETURi

EnD
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LAN12500
LAN12600
LAN12700
LAN12800
LAN12900
LANL13000
LAN13100
LAN13200
LAN13300
LAN13400



SECTION 24
LIME ADDITION TO SLUDGE, LIME

Subroutine Identification Number 23

Rev. Date 8/1/77
Lime Addition to Sludge, LIME

1. Process symbol.

IS1: Sludge input stream
— e
151 N 0s1 0S1: Sludge output stream
\\\\\¢//// N: User assigned number to the
process
2, Input parameters and nominal values.

DMATX(1,N) DLIME Dose of lime, 1b of CaO/ton of dry
solids. [200.]

DMATX (2,N) = CLIME Cost of 1lime, $/ton. [25.]

DMATX(16,N) = ECF Excess capacity factor for the process.
[1.]

3. Output parameters which are printed on computer output sheets.

DLIME = DMATX(1,N)

CLIME = DMATX(2,N)

PPDL = OMATX(l,N) Lime addition rate, 1b of Ca0O/day.

DTON = OMATX(2,N) Amount of sludge to be treated with
lime, tons/day of dry solids.

CCOST Capital cost , [dollars].

COSTO Operating and maintenance cost,
[cents/1000gal].

ACOST Amortization cost, [cents/1000gall.

TCOST Total treatment cost, [cents/1000gall].

ECF Excess capacity factor.
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4, Theory and functions ~ FORTRAN statement followed by equivalent algebraic equationm.

DLIME = DMATX(1,N) LIMO1800
DLIME = DMATX(1,N) [1b Ca0/ton dry solids]

CLIME = DMATX(2,N) LIM01900
CLIME = DMATX(2,N) [$/ton]

DTON = (SMATX(10,IS1)-+SMATX(15,1S1))*SMATX(2,IS1)*8,33/2000.

*i *
[TSSISI+DFMISIJ Qrgq1*8.33

DTON = [tons/day] LIM02400

2000
PPDL = DLIME*DTON*ECF [1b/day]
SMATX (¥,0S1) = SMATX(I,ISI) LIMO3100
SMATX (I,081) = SMATX(I,ISl) [mg/1]
where I = 2,6
i.e. Q, SOC, SNBC, SON, SOP
SMATX(7,0S1) = SMATX(7,IS1)+PPDL/8.33/SMATX(2,IS1) LIM03200
SFM___=SFM_ .+ PeOL (mg/1]
0SI IS1” " g 33q
HRas 3]
SMATX (8,0S81) = SMATX(8,1S1) LIMO3300
SBOD g =SBOD o
SMATX (9,0S1) = SMATX(9,IS1) LIMO3400
VSS 5, =VSS 14,
SMATX (10,0S81) = SMATX(10,IS1)+PPDL/8.33/SMATX(2,1IS1) LIM03500
N PPDL [mg/1]
TSS .., =TSS. .+ ——PPDL
0sl 181
8.33%Q g,
SMATX(I,081) = SMATX(I,ISI) LIMO3700

SMATX (1,081) = SMATX(I,IS1)
where I = 11,20

i.e. DOC, DNBC, DN, DP, DFM, ALK, DBOD, NH3, NO3
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References:

Smith and Eilers, 1975

Patterson and Banker, 1971

5.

Cost functionms,

a. Capital cost

Function of PPDL

X = ALOG(PPDL) LIMO04300
X = 1n PPDL
CCOST(N,1) = EXP(-1,800487+.670797*X)*1000. LIMO4400
CCOST = 1000&—1.800487+0.670797X [dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs

Function of PPDL/ECF

X = ALOG(PPDL/DMATX(16,N)) LIMO5000
X = 1n EPPDL
ECF

(1) Operating manhours
OHRS - 0. LIMO5500

OHRS O [hrs/year]

(2) Maintenance manhours

XMHRS = EXP(6.060054+.197073*X) LIM0O5600

e6.060054+0.197073X

XMHRS = [hrs/yr]

(3) Total materials and supplies

CHEM = PPDL*365.*CLIME/2000. LIMO6160

PPDL*365*%*CLIME
CHEM = %000 [ton CaO/yr]

¢. Total operating and maintenance costs

COSTO(N, 1) ( (OHRS+XMHRS ) *DHR* (1, +PCT)+CHEM) /SMATX (2, 1) /3650,

: LIM06600

- [ (OHRSHXMHRS) *DHR* (1+ ‘

COSTO ( QL )*DHR i;sggT)]+CHEN [cents/1000gall]
Plant Inf.
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LIME ADDITION TO SLUDGE
PROCESS IDENTIFICATION NUMBER 23

SUBROUTINE LIME

COMMON INITIAL STATEMENTS
INTEGER 0510082

LIMOO100
LIM00200
LIMO0300
LIMOO40O
LIM0O0S00
LIM0O0600
LIMO0700
LIMO00800
LIM00900
LIMD1000

COMMON SMATX(Z0+30) » TMATX(20¢30) »DMATX(20,20) sOMATX(20+20) ¢ IP(20)+,LIM01100
1INPrI0U»IS10I52905100529Nr LAERF+CCOST(20¢5) ¢ COSTO(20+5) rACOST(20¢5)LIM0O1200

27TCOST(2005) s DHRYPCTeWPLoCLANDDLAND*FLOW(25) s POW(25) + TKWHD(25)

ASSIGNMENT OF DESIGN VALUES TO CHEMICAL PARAMETERS

DLIMESDMATX(1sN)
CLIME=DMATX (2N}

CALC. OF OUTPUT SIZES AND QUANTITIES

DTON=(SMATX(10rIS1)+SMATX(15¢151))*SMATX(2+151)%8.33/2000.
PPDL=ULIME*DTON*DMATX (16*N)

EFFLUENT STREAM CALCULATIONS

00 10 I=2+6

SMATX(I+0S1)=SMATX(I»1S1)
SMATX(T7+0S51)=SMATX(7+1S1)+PPDL/B¢33/SMATX(2,1I51)
SMATX(8+051)1=5MATX(82151)
SMATX(9+051)=SMATX(9r151)
SMATX(1020S1)=SMATX(10+,IS1)+PPDL/8B.33/SMATX(2¢151)
DO 20 1=11,20

SMATX(I+,051)=SMATX(1sIS1)

CALC. OF CAPITAL COSTS BASED ON DESIGN PLUS EXCESS
CAPACITY

X=ALOG(PPUL)
CCOSTINILIZEXP (=1.800487+.670797%X) %1000,

CALC+ OF OPERATING COSTS BASED ON DESIGN CAPACITY ALONEs

DUES WOT INCLUDE EXCESS CAPACITY

XZALOG(PPUL/DMATX(16"N) )}

CALC. OF OPERATING MANHOURS ANU MAINTENANCE MANHOURS

OHRS=0,
XMHRS=EXP(6.000054+.197073%*X)
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LIM01300
LIMO1400
LIMO1500
LIMO01600
LIMO1700
LIM01800
LIM01900
LIM02000
LIM0O2100
LIM02200
LIM02300
LIMO2400
LIM02500
LIMD2600
LIM02700
LIM02800
LIM02900
LIM0O3000
LIM03100
LIM03200
LIM03300
LIMO3400
LIMO3500
LIM0O3600
LIM0O3700
LIM03800
LIM03900
LIMO4000
LIM04100
LIM04200
LIMO04300
LIMO4400
LIMO4S00
LIMO4600
LIMU4700
LIMO4800
LIMO4900
LIM05000
LIMO5100
LIM0S200
LIMU5300
LIMOS400
LIM0O5500
LIM0S600
LIMO5700
LIM0O5800



[aNeXoX gl OO0 0 OO0

[sNaRaKel

CALC. OF LIME DOSAGE COSTS

CHEM=PPDL*365.%CLIME/2000.

OPERATING COST EQUATION
COSTO(N» 1) = (OHRS+XMHRS ) *DHR* (1« +PCT) +CHEM) /SMATX (2,1) /3650,

ASSIGNMENT OF VALUES TO OMATX

OMATX{1,N)=PPLL
OMATX(2¢/N)=DTON

PROCESS ENERGY INDICES

FLOW(IN)SSMATX (2, IS1)
POw(N)=23.

RETURN

END
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LIMO5900
LIMC6000
LIMO6100
LIM06200
LIMO6300
LIMO6400
LIMO6500
LIM06600
LIM06700
LIM06800
LIM06900
LIMO7000
LIMO7100
LIMO7200
LIMO7300
LIMO7400
LIMO7500
LIMO7600
LIMO7700
LIMO7800
LIMO7900
LIM08000



SECTION 25
ROTATING BIOLOGICAL CONTACTOR -~ FINAL SETTLER, RBC
Subroutine Identification Number 24

. 1/77
Rotating Biological Contactor - Final Settler, RBC Rev. Date 8/1/7

1. Process symbol.

ISl 0s1
ISl: Liquid Input stream
0S1l: Liquid output stream
—— 0S2: Sludge output stream
052 (Sludge) N: User assigned number for the process
2. Input parameters and nominal values.
DMATX(1,N) = BOD Demand concentration of 5-day BOD in the final
effluent stream, mg/l.[13.]
DMATX(2,N) = XNSTG Number of stages in series for the RBC
process.[4.]
DMATX(3,N) = DEGC Temperature of the water, degrees centrigrade.
[20.]
DMATX (4,N) = QPABI Rate constant for BOD removal at 20°C,
gpd/sq £t.[7.]
DMATX(5,N) = QPANI Rate constant for nitrification at 20°C,
gpd/sq ft.[4.45]
DMATX(6,N) = GSS Design overflow rate (based on average flow) for
the final settler, gpd/sq ft.[800.]
DMATX(7,N) = BODN Concentration of BOD at which mitrification
begins, mg/1.[20.]
DMATX(8,N) = TSS Concentration of waste solids from the final
settler underflow, percent.[3.5]
DMATX (9,N) = CPDY Cost of installed concrete, $/cu.yd.[233.]
DMATX(15,N) = ECF Excess capacity factor for the final settler.[1.]
DMATX(16,N) = ECF Excess capacity factor for the rotating biological

contactor.[1.]
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Output parameters which are printed on computer output sheets.

BOD = DMATX(1,N)

XNSTG = DMATX(2,N)
DEGC = DMATX(3,N)
QPABI = DMATX(4,N)
QPANI = DMATX(5,N)
GSS = DMATX(6,N)

BODN = DMATX(7,N)

TSS  DMATX(8,N)

CPDY = DMATX(9,N)
QPAB = OMATX(1,N)
QPAN = OMATX(2,N)

APSTG = OMATX(3,N)

AREA = OMATX(4,N)

FNSTG = OMATX(5,N)

RNSTG  OMATX(6,N)

RATIO

OMATX(7,N)

PREM  OMATX(8,N)
QPAT = OMATX(9,N)
AFS  OMATX(10,N)

PDSD

It

OMATX (11,N)

URSS = OMATX(12,N)

Rate constant for BOD removal after correction

for water temperature, gpd/sq ft.

Rate constant for nitrification after correction

for water temperature, gpd/sq ft.

Area per RBC stage, sq ft/stage.

Total RBC active area, sq ft.

Number of stages required to achleve the BOD
concentration (BODN) at which nitrification
begins.

Number of remaining stages for nitrification
(XNSTG - FNSTG).

Ratio of total BOD in the effluent stream to
total BOD in the influent stream.

Percentage of ammonia nitrogen removal.
Overall hydraulic loading, gpd/sq ft.
Surface area of the final settler, sq ft.
Solids wasting rate, 1lb of dry solids/day.
Ratio of solid nonbiodegradable carbon

concentration in the effluent stream to the
concentration in the influent stream.
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NTRN = OMATX(13,N)

NSHFT

n

OMATX (14 ,N)

COSTM = OMATX(15,N)

COSTE

OMATX (16 ,N)

COSTL = OMATX(17,N)
CCOST
COSTO
ACOST
TCOST

ECF

Number of 100,000 sq ft shafts per stage.
Number of 100,000 sq ft shafts required.
Materials and supplies cost, $/yr.

Electrical power cost, $/yr.

Operation and maintenance labor cost, $/yr.
Capital cost, [dollars].

Operating and maintenance cost, [cents/1000gal]
Amortization cost,[cents/lOOOgal].

Total treatment cost,[cents/lOOOgal].

Excess capacity factor.

Theory and functions - FORTRAN statement followed by equivalent algebraic equation.

QPAB = DMATX(4,N)*1.04%*(DMATX (3,N)-20.) RBC03200
QPAB = QPABI*1,04PECC-20 [epd/£t2]
QPAN = DMATX(5,N)*1,04%*(DMATX(3,N)-20.) RBC03300
QPAN = QPANI*1,04PECC-20 [gpd/£t2]
RATIO = DMATX(1,N)/(SMATX(17,IS1)+SMATX(8,I51)) RBCO3400
BOD
RATIO = [no units]
DBODy g +SBOD oy
TEMP1 = ALOG(RATIO)/DMATX(2,N) RBC03500
Bl = 18 ;ﬁgég - [no units]
TEMP2 = 1./EXP(TEMP1)-1. RBCO3600
TEMP2 = 1 - [no units]
TEMP1
e
APSTG = SMATX(2,IS1)*1000000.*TEMP2/QPAB RBC03700
Q. o, *1000000%TEMP2
apsTG = 151 [£62]

QPAB
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PDSD = .34*(SMATX(8,ISl)+SMATX(l7,ISl)+SMATX(10,ISl))*SMATX(Z,ISl)*8.33-.3*AREA/1000.

0.3AREA
51+T88151)*8.33Q15: - —Tgo0

PDSD = 0.34(SBODI +DBODI

Sl

TEMP3 = 1./(1.4+QPAB*APSTG/SMATX(2,1S1)/1000000.)

1
PAB*APSTG
Q151*1000000

TEMP3 =

1+

RATIO = DMATX(7,N)/(SMATX(17,IS1)+SMATX(8,1S1))

RATIO = BODN

DBODISl+SBODISI

FNSTG = ALOG(RATIO)/ALOG(TEMP3)

1n RATIO

FNSTG = T TEMP3

RNSTG = XNSTG-FNSTG

= 1n RATIO
RNSTG = XNSTG- s———2re
¢ 1n TEMP3

RATIO = (1./(1.+QPAN*APSTG/SMATX(2,I51)/1000000.))**RNSTG

1 RNSTG
RATIO =
14 QPAN¥APSTG
Q7g1*1000000

SMATX(18,081) = SMATX(18,IS1)*RATIO

NH3OS1 = NH3ISl*RATIO

SMATX(2,0S2) = PDSD/DMATX(8,N)/10000./8.33

Q _ PDSD
052 = TSI*10000%8.33

SMATX(2,081) = SMATX(2,1S1)-SMATX(2,0S2)

Qs1 = Us1~%s2

SMATX(10,081) = 4.5+.51*DMATX(1,N)

TSs =4, .
0s1 4.540.51 BOD
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RBC03800
[1b/day]

RBC04000

[no units]

RBC0O4100

[no units?

RBC04200

[no units]

RBC04300

[no units]

RBC04400

[no units]

RBC04900

[mg/1]

RBCO5000

{Mop]

RBC05100

(Mep]

RBC05200

(mg/1]



SMATX(10,052) = DMATX(8,N)*10000

ISS = 10000 TSS

0s2

SMATX(8,0S1) = (SMATX(10,0S1)-4.5)*.897

SBOD 1= (TSSOSl-h.S)*0.897

0s

SMATX(17,0S81) = DMATX(1,N)-SMATX(8,051)

DBOD0 = BOD-SBODOS1

S1

SMATX(19,0S1) = SMATX(18,IS1)-SMATX(18,051)

NO3 = NHBISl-NH3

0s1 0sl

RBC05300

[mg/1]

RBC05400

[mg/1]

RBC05500

[mg/1]

RBC0OS5600
(mg/1]

URSS = SMATX(2,IS1)/(SMATX(2,0S1)+SMATX(2,052)*SMATX(10,082)/SMATX(10,051))

Q
0s1
SMATX(4,0S1) = URSS*SMATX(4,IS1)
SNEC_ | = URSS#SNBC,
SMATX (3,0S1) = DMATX(1,N)*1.6/2.7+SMATX(4,051)
$0Cyg; = 59%?%:§+5N30051

SMATX(5,081) = ,1*SMATX(3,0S1)

SON 1= 0.1s0C

6s 0S1

SMATX(6,051) = .01*SMATX(3,0S1)

SOP = 0.01s0C

0sl 0s1
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RBCO5700
[no units]

RBC0O5900

(mg/1]

RBCO6000

{mg/1]

RBC06100

[mg/1]

RBC06200
[mg/1]



SMATX(7,0S1) = URSS*SMATX(7,I51)

SFMOSl = URSS*SFMIS1

SMATX(9,0S1) = SMATX(10,0S81)-SMATX(7,051)

Vss = TSS_..,—-SFM

051

SMATX(11,0S1) = SMATX(12,IS1)+SMATX(17,0S1)*1.6/2.7

DOC

SMATX (12,0S1)

DNBCOSl

SMATX(13,081) = .1*SMATX(11,0S1)+SMATX(18,0S1)+SMATX(19,081)

DN

= DNBCIS

0s1

0S

1

1.6DBOD

os1 = DNBCpgy+

2.

0s1
7

SMATX(12,181)

1

os1 = O.lDOCOSl+NH3

0s

l+N03oSl

SMATX(14,081) = SMATX(14,IS1)

DPogy =

SMATX(15,051)

DFMpgy =

SMATX (16,0S1)

DP

IS1

= SMATX(15,151)

= SMATX(16,IS1)-10.*(SMATX(18,1S1)~SMATX(18,0S1))

DFM

Is1

ALKISl—lo(NH3ISI—NH3

081

SMATX(20,0S1) = SMATX(20,IS1)

Future parameter

TEMP4 = SMATX(10,0S2) /SMATX(10,0S1)

TEMP4 =

TSS

TSS

082
051

)
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RBC06300
(mg/1]
RBCO6400

[mg/1]

RBC06500

(mg/1]

RBC06600

[mg/1]

RBC06700
(mg/1]
RBC06800
[(mg/1]
RBC06900
(mg/1]
RBC07000
[mg/1]
RBCO7100
[mg/1]

RBC07200

[no units]



SMATX (J,0S2) = TEMP4*SMATX(J,0S1) RBCO7400
SMATX(J,082) = TEMP4*SMATX(J,0S1) [(mg/1]

where J = 3,9 1i.e. SOC,SNBC,SON,SOP,SFM,SBOD,VSS

SMATX(J,0S2) = SMATX(J,0S1) RBC07600
SMATX(J,082) = SMATX(J,0S1) [mg/1]

where J = 11,20 i.e. DOC,DNBC,DN,DP,DFM,ALK,DBOD,NH3,NO3

AFS = SMATX(2,0S1)*1000000./DMATX(6,N)*DMATX(15,N) RBC08100
Q_ .. *1000000%ECF
AFS = _OS1 [fc2]
GSS
PREM = (SMATX(18,IS1)-SMATX(18,081))*100./SMATX(18,I51) RBC08200
lOO(NHBISl—NH3051)
PREM = NH3 [no units]
151
QPAT = SMATX(2,IS1)*1000000./APSTG/XNSTG RBCO8300
Q... *1000000
151 2
QPAT = S PSTGRANSTG [gpd/ft"]
NTRN = APSTG*DMATX(16,N)/100000. RBC08400
APSTGXECF
B e it
NTRN 150000 [no units]
NSHFT = NTRN*XNSTG RBC08600
NSHFT = NTRN*XNSTG [no units]
AREA = XSHFT*100000. RBC08900
2
AREA = 100000XSHFT [£e7]
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Cost functions.
Contactor
a. Capital cost

(1) NSHFT-20<0

CCOST(N,1) (28500.+45 . *DMATX (9 ,N) ) *NSHFT*1.506/2.1215

(2850044 5CPDY ) *XNSHFT*1.,506

CCOST = 2.1215

(2) NSHFT-20>0

CCOST(N,1) (23000.+45.*DMATX (9,N) ) *NSHFT*1.,506/2.1215

(23000+45CPDY) *NSHFT*1.506

CeOoST = 2.1215

RBC09500

RBC10100

[dollars]

RBC09500

RBC10800

[dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs

Function of AREA/ECF
X = ALOG(AREA/1000./DMATX(16,N))

AREA

X = In J060ECF

(1) Operating manhours
OHRS = EXP(1.323670+.524215*X+.023076*X**2.)
2
OHRS = el.32367O+0.524215X+0.023076X
(2) Maintenance manhours

XMHRS ~ EXP(-.124185+.840104%%+,007757%X**2.)

2
00RS = o0 124185+0.840104%+0.007757X

(3) Total materials and supplies
COSTL = (OHRS+XMHRS)*DHR*(l.+PCT)

COSTL = (OHRS+XMHRS)*DHR* (14PCT)
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RBC11400

RBC12000

[hrs/yr]

RBC12100

[hrs/yr]

RBC12200

[doliars/yr]



COSTM = (CCOST(N,1)-45.*DMATX(9,N)*NSHFT*1.506/2.1215)*,02

45*%CPDY*NSHFT*1.506
COSTM = [CCOST- 51915 J*0.02

COSTE = NSHFT*5.%.746%24.%365,*DMATX(10,20)

COSTE = NSHFT*5%0.746%24%365%CKWH

TMSU = COSTM+COSTE

TMSU = COSTMHCOSTE

c. Total operating and maintenance costs

COSTO(N, 1)

COSTO = (OHRS+XMHRS) *DHR* (1+PCT)+TMSU
QPlant Inf.*3650

Final Settler
a. Capital cost
Function of AFS

X = ALOG(AFS/1000.)

( (OHRS-+XMHRS ) *DHR* (1.4+PCT)+TMSU) /SMATX (2,1) /3650.

RBC12300

[dollars/yr]

RBC12400

[dollars/yr]

RBC12500

[dollars/yr]

RBC13000

[cents/1000gal]

RBC13600

CCOST(N,2) = EXP(3.716354+,389861%X+.084560%K**2,—,004718%X*%3,)*1000.

3.716354+0.389861X+0.084560X2—O.00A718X
1000e

CCOST
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RBC13700
{dollars])



b. Operating manhours, maintenance manhours, and materials/supplies costs

Function of AFS/ECF

X = ALOG(AFS/1000./DMATX(15,N)) RBC14400
- AFS
X = In y500ECF

(1) Operating manhours

OHRS = EXP(5.846565+.254813*X+,113703%X*%2 -, 010942%X**3.) RBC15000
5.846565+0.254813%+0 113703X2 0 010942){3
OHRS = e ° ) ’ : [hrs/yr]
(2) Maintenance manhours
XMHRS = EXP(5.273419+.228329%X+.122646%X**2,-,011672*X**3,) RBC15100
2 3
. . +0. -0. 2
XMHERS = eS 273419+0.228329X+0.122646X -0.011672X [hrs/yr]
(3) Total materials and supplies
TMSU = EXP(5.669881+.750799*X) RBC15200
5.669881+0.750799X
™SU e [dollars/yr]
c. Total operating and maintenance costs

COSTO(N,2) = ((OHRS+XMHRS)*DHR* (1.+PCT)+TMSU*WPI)/SMATX(2,1)/3650. RBC15700

[ (OHRS+XMHRS) *DHR* (14+PCT) ]+ (TMSU*WPI)

COSTO
*3650

) [cents/1000gal]
Plant Inf.
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RBC0O0100

ROTATING BIOLOGICAL CONTACTOR = FINAL SETTLER RBC00200
PROCESS IOENTIFICATION NUMBER 24 RBC00300
RBCOO400

SUBROUTINE RBC RBCOO500
RBC00600

RRC00700

COMMON INITIAL STATEMENTS RBC0O0800
RBC00900

INTEGER 051,052 RBC0O10600

COMMON SMATX(20+30) » TMATX(20+30) »DMATX(20+,20) +»OMATX(20+20)+1P(20)}+RBCO1100
1INP,TO#IS2¢152+0519052¢Ns JAERF»CCOST(20+5)9Cc0STO(20+5) +ACOST(20+5)RBC01200
2:TCOST(2005) rUHRIPCTewPI+CLAND 1 DLAND*FLOW(25) s POW{25) » TKWHD (25) RBCO1300

RBCO1400

RBC01500

ASSIGNKMENT OF DESIGN VALUES TO PROCESS PARAMETERS RBCO1600
RBCO1700

BOD=DMATX(1+N) RBC01800
XNSTG=DMATX(2sN) RBCO1900
DEGC=UMATX(3¢N) RBC02000
QPABISDMATX (49N) RBC0O2100
QPANI=DMATX (S¢N) RBC02200
GSS=DMATX(6¢N) RBC02300
BODN=UMATX(T72N) RBCG2400
TSS=DMATX(8+N) RBC02500
CPDYS=OMATX(9sN) RBC02600
RBC02700

RBC02800

PROCESS RELATIONSHIPS REGD. TQO CALC. EFFLUENT STREAM RBC02900
CHARACTERISTICS RBC03000
RBCO3100

QPABZUMATX (4 rN) %1 04>« (OMATX(3+N)=20.) RBC03200
QPANSUMATX(5¢N) 1,045 (DMATX(3¢N)=20¢) RBC03300
RATIO=DMATX(1eN)/{SMATX(17+IS1)+SMATX{B21I51)) RBCO3400
TEMP1=ALOG(RATIO)/DMATX(2¢N) RBC03500
TEMP2=1./EXP(TEMPL) =1, RBC03600
APSTG=SMATX(2,1S1)*10u0000.*TEMP2/QPARB RBCO03700
PDSD=« 34 ¥ (SMATX (80 IS1) +SMATX (17 IS1)+5MATX(10,151) ) &SMATX(2,151)%8RBCO3800
1033=+5%ARLA/1000, RBC03900
TEMP3=1./(1.,+uPABxAPSTG/SMATX(2+151)71000000,) RBCO4O000
RATIO=DMATX(7¢N)/{(SMATX(17¢IS1)+SMATX(8Br1IS51)) RRCO4100
FNSTG=ALOG(RATIO)}/ALOG(TEMP3) RBCO4200
RNSTG=XNSTG=FNSTG RBCO4300
RATIO=(17(1.+QPAN*APSTG/SMATX(201S1)/71000000.) ) **RNSTG RBCO4400
RBCO4500

RBCO4600

EFFLUENT STREAM CALCULATIONS RBCO4700
RBCO4800

SMATX(18¢0S1)=SMATX(1s+151)*RATIO RBCO4900
SMATX(2,052)=PDSD/DMATX(8¢N)/10000,/8.33 RBC05000
SMATX(2+051)=5MATX (29 151)~SMATX(2,052) RBC0S5100
SMATX(1090S1)=4,.5+.51%DMATX(1eN) RBC05200
SMATX(100052)=DMATX(8/N)*10000, RBCUS300
SMATX(8+051)=(SMATX (10,051} =4.5)%,897 RBCOS400
SMATX(17r0S1)=DMATX(1¢N)~SMATX(B+0S}) RBCOS500
SMATX(19¢0S1)=SMATX(1bs»IS1)~SMATX(18+0G1) RBC05600

URSS=SMATX (20 1S1)/ (SMATX(2+0S1) +SMATX (2+052) *SMATX(10+052) /SMATX(1RBCOS700

10,081))

RBC05800
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10

20

30

40

S0

SMATX (4¢0S1)SURSS*SMATX (4o IS1)
SMATX(3+051)=UMATX(12N)#146/2.T+SMATX(4+0S1)
SMATX(5,051)=,1%SMATX(3,051)

SMATX(6+051)=,01%SMATX(390S1)
SMATX(7:051)SURSS*SMATX(T+1S1)

SMATX (9,051 )=SMATX(10¢0S1)=SMATX(7,051)
SMATX(1120S1)=SMATX(12sIS1)+SMATX(17°051)%1,6/2.7

SMATX (120,051 )=SMATX(12,151)
SMATX(13r0517=41%SMATX(11+0S1)+SMATX(18,051)+SMATX(19,051)
SMATX(14r0S1)=SMATX(14,151)

SMATX(15¢0S1)=SMATX(15,151)
SMATX(1690S1)1=SMATX(1br1S1)=10.%(SMATX{18,151)~SMATX(18,051))
SMATX(2020S1)=SMATX(2Ur151)

TEMPY=SMATX(10,052) /SMATX(10¢0S1)

DO 10 J=3,9

SMATX(Jr052)STEMP4*SMATX (Jr0S1)

DO 20 J=11+20

SMATX(Jr0S2}=SMATX(Jr0S1)

CALCe. OF OUTPUT SIZES AND QUANTITIES

AFS=SMATX(2+051)*1000000/DMATX (6+N)*DMATX(15sN)
PREM= (SMATX (15¢1S1)-SMATX(18,051))*100,/SMATX(18]1S1)
QPAT=SMATX(291S1)%1000000./APSTG/XNSTG
NTRN=APSTG*DMATX(16¢N) /100000,

NTRNENTRN+1

NSHFT=NTRN*XNSTG

XNTRN=NTRN

XSHFTENSHFT

AREA=XSHFT#100000.,

CALCs OF CAPITAL COSTS FOR ROTATING BIOLOGICAL CONTACTOR
BASED ON DESI6N PLUS EXCESS CAPACITY

IF (NSHFT=20) 30+30s4u

CALC. OF CAPITAL COSTS FOR SMALL RBC FACILITY» EQUAL

OR LESS THAN 20 SHAFTS
CCOSTINs1)=(28500.+45*DMATX(9rN) ) *NSHFT#1.506/2+1215
GO TO 50
CALC. OF CAPITAL COSTS FOR LARGE RBC FACILITY,
GREATER THAN 20 SHAFTS
CCOST(Nol)=(25000.*45.*DMATX(9'N))*NSHFT*1-506/2.1215
CQLC. OF OPERATING COSTS FOR RBC FACILITY BASED ON
DESIGN CAPACITY ALONE: DOES NOT INCLUDE EXCESS CAPACITY
X=ALOG(AREA/1000+/DMATX{16+N))

CALC. OF OPERATING MANHOURS» MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES

0HRS3EXP(1.323670+o524215tx+-023076*X¥*2o)
XMHRS=EXP(--124185*.840104*X+.007757*X**2-)
gOSTL=(OHRS+XMHRS)*DHRt(1.+PCT)
OSTMz(CCOST(Nvl)‘“So*DMATX(ng)‘NSHFT'I-SOb/2o1215)* 02
COSTE:NSHFT#S.t.746424.*365.tDMATX(10.20) )
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TMSU=COSTM+COSTE

OPERATING COST EQUATION
COSTO(Nr1}=( (OHRS+XMHRS) *DHR* (1, +PCT)+TMSU) /SMATX(2,1) /3650,
CALC. OF CAPITAL COSTS FOR FINAL SETTLER BASED ON DESIGN
PLUS EXCESS CAPACITY
X=ALOG(AFS/1000.)

RBC12500
RBC12600
RBC12700
RBC12800
RBC12900
RBC13000
RBC13100
RBC13200
RBC13300
RBC13400
RBC13500
RBC13600

CCOSTIN+2)ZEXP (3+4716354+.389B61%X+,084560X*%2.=+004718xX**3,)*100RBC13700

10.

CaLC. OF OPERATING COSTS FOR FINAL SETTLER BASED ON
DESIGiv CAPACITY ALONE» DOES NOT INCLUDE EXCESS CAPACITY

X=ALOG(AFS/1000./0MATX(15:N))

CALC. OF OPERATING MANHOURS» MAINTENANCE MANHOURS
AND MATERIALS AND SUPPLIES

OHRSZEXP (5, 840565+ 254813%x X+ 113703 X%%2 .=, 0109424 X%%3, )
XMHRSZEXP(5.273419+4,228320%X+,122646*%X**2,=,011672*xX%*%*3,)
TMSUZEXP (9.669881+.750799%X)

OPERATING COST EQUATION

COSTO(N»2)=({UHRS+XMHRS) *DHR* (1, +PCT) +TMSU*wPI ) /SMATX(2,1) /3650,

ASSIGNMENT OF VALUES TO OMATX

OMATX(1,N)=@PAB
OMATX(2+N)=QPAN
OMATX(3¢N)=APSTG
OMATX (4sN)=AREA
OMATX(S!N)=FN5TG
OMATX{6+N)=RNSTG
OMATX(7,N)=RATIO
OMATX (8¢ N)=PREM
OMATX(9/N) =QPAT
OMATX(10+iN)ZAFS
OMATX(11+N)=PULSD
OMATX(12+N)=URSS
OMATX{13+N)ZXNTRN
OMATX (14 rN)=XSHFT
OMATX(15/N)=COSTM
OMATX(162N)=COSTE
OMATX(17+r)=COSTL

PROCESS ENERGY INDICES
FLOW(N)=SMATX(2,1IS51)
POW(N) =24,

RETURN
ENU
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SECTION 26

ENERGY CONSUMPTION AND COST, ENGY

ENGOOD100

ENERGY CONSUMPTION AND COST ENG00200
ENGO0300

SUBROUTINE ENGY ENGOO4OO
ENG00500

ENGO0600

CUMMON INIT1AL STATEMENTS ENGOO700

ENG008BOO

INTEGER 0510052 ENG0O0900
COMMON SMATX(20¢30) » TMATX(20¢30) +OMATX(20,20) »OMATX(20020) »IP(20)»ENGDO1000
1INPeI0»ISLeISZr0S100S2eNr IAERFCCOST(20+5)9CO5TO(20+5)92ACOST(2005)ENGOLL00
2+/7COST(20+5) +UHR'PCT o WP I+ CLAND»DLAND*FLOW(25) yPOW(25) ¢ TKWHD(25) ENGO1200

ENG01300

ENGO1400

ASSIGIWMENT OF VALUES TO PROCESS PARAMETERS ENGO1500

ENGO01600

PLANT=DMATX{11,20) ENGO1700
TOTKW=0. ENG01800
Puw(25)=25, ENGO01900
ENG02000

ENGO02100

CALCe OF ENERGY COSTS FOR PROCESSES ENG02200

ENG02300

DO 530 I=1+25 ENGO2400
FLOW(1)=SMATX(2:1) ENG02500

IF (Puw(I}) 530+530,10 ENG02600

10 KSPOW(I) ENG02700
GO TO (20¢30+40+500602702110+,1409170¢180+19u22200270+2800310¢370¢3ENGD2800
18004100420 43Ue440r4800490¢500¢510)¢ K ENG02900
ENGO3000

ENGO3100

PREL ENG03200

ENG03300

20 Q=ALOG(FLOW(I)) ENGO3400
MOTZEXP(Q)/15.,001+1, ENGO3S00
HP=MOi*»,75 ENG03600
W1=,80%HP*24*,1 ENGO03700
WZZEXP(2.7338c3+.722304#@-.070556*@**2.+.007792*0¥t3.) ENG03800
MOT=EXP(Q)/5.001+1. ENG03900
HP:MOT#.S ENGO&4000
WO= ,80%HP %24 +%,1667 ENGO4100
TRWHD (I )Swl+We+W3 ENGOL200

GO TO 520 ENGO4300
ENGO4400

ENGO4500

PRSET ENGO4600

) ENGO4700
30 Q=ALOG(FLOW(I)) ENGO&4800
HP=EXP(.405835+.248262*G+-138237*@**2.-.009162*0**3.) ENGO4900
W1Z,85%HP*24, ENG05000
We=,64*EXP(Q) ENG05100
TRWHD(I)=wl+W2 ENG05200
60 TO 520 ENG05300
ENGO5400

ENGO5580

AERFS ENG0S600

40 Q=ALOG(FLUW(I)) E:gggggg

250
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W1=532.%EXP(Q)
W2SEXP(3e007707+:925147%0+4,046507%Q02%2.~.010295%Q%%3, )
HPZEXP (4056354, 248262%Q+.138237%0*%2,=,009162%3%%3, )
W3=,85%HP*24,

W4Z2 . 06*EXP(Q)

TEWHD (1) Zwl+W24W3+wy

60 TO 520

MIX
TKwHD(I)=0.
GO TO 520

SPLIT
TKWHD(I)=0D.
6u TO 520

[53{]

QALOG(FLOW(I))

IF (PLANT) 80,8090
WIZEXP(44427327++301912%Q+,056086%Q%%2.=,005112%Q%%3,)
6u TO 100

ENG0O5900
ENG06000
ENG06100
ENGD6200
ENGO6300
ENGO640O
ENG06500
ENGO6600
ENG06700
ENGO6800
ENG06900
ENGO7000
ENGO7100
ENGO7200
ENGO7300
ENGO7400
ENGO7500
ENGO7600
ENGO7700
ENGO7800
ENGO7900
ENGO8000
ENG08100
ENG08200
ENGDB300
ENG08400
ENGO8500

90 WISEXP(4+665053+¢39291840+.074689%Q**2,~+017843%Q%%3,+,001578%0**4ENGOB600

100

110
120
130

140
150

100

170

180

e

1)

WEZEXP (2875478468077 35%0++033342%Q#*%2e=4006513#0%%3,)
TKWHD (1) =wi+wWe
G0 7O 520

VACF

Q=ALOG(FLOW(I))

IF (PLANT) 12001209130

TKWHD (1) =eXP(2.342858+1,001088%Q+.021774%u*x2,=.006817*%0%*3,)
60 TO 520

TKWHD (I ) SEXP (4. 042635+.585417%Q++114499%Q#%2.~,010941%Q%*3,)
60 TO 520

THICK

G=ALOG(FLOW(I))
1F (PLANT) 150:150r160

TKWHD (1)1 SEXP(24321386+.280528%0+.02224 7#0+%2.=,007060%Q%%3,)
G0 TO 520
TKWHD(I)=£XP(2.321272+,301985%Q)
60 1O 520
ELUT
TKwHD(1)=0.
GO TO 520
SBEDS

TKWHD(1)=0.
G0 TO 520
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190

200
210

220
230

240
250

260

270

280
290

300

370

TRFS

Q=ALOG(FLOWI(I))

W1ZEXP(4¢110844+4:.972304%Q=.002399%Q*%2,)

It (DMATX(7.1)) 210,210,200
Wi (DMATX(7+1)41s) %Wl

HPZEXP(,405835+,248262%Q0+,138237*Q**2,~,009162%3%%3,)

We=B8oxHP#*24,
W3z2.06%EXP(Q)
TRWAD(I)Twl+WS+W3
GO TO 520

CHLOR

Q=ALOG(FLOW(I))
IF (PLANT) 230Ge23Ur240

TRWHD (1) SEXP(=4359521+42,273753%Q=.032634%u*x2,-,028060%3*%3,)

GO T0 520

IF (EXP(Q)=10.) 250:250+260
TAwHD(1)=.72

G0 TO 520

TRWHD (L) SEXP (=6.228734+2.563225%0)

G0 TO 520

TFLOT

Q=ALOG{(FLOW(I))

TKWHD (I)SEXP (442559444, 89447140+, 040044%Q%%2 o=, 007796%0%%3, )

G0 T0 520

MHINC

G=ALOG(FLOW(I))
IF (PLANT) 290029030y

TKWHD(I)=EXP(5.3“8899+.461306*Q+o149136*0**2--.013815*0**3.)

G0 TO 520

TKWHD(I)=EXP(3.990529*.423371*0*-126216*@**2.-.010836*@**3.)

GO TO 520

RWP

G=ALOG(FLOW(I))

IF (EXP(Q)}=1.5) 320,320s330
HE=.70

GO TO 360

IF (EXP(Q)~10,1) 34003400350
HE=,74
G0 TO 360
HE=,.85%
HP:EXP(Q)#1000000-*DMATX(1'I)/1““0./39600/HE
TKWHD(I):OBS*HP‘ZHO
GO0 TO 520

SHT
TKWHD(K)=U,
GO TO 520

CENT
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380
390

400

410

420

4350

440

850

Q=ALOG(FLUW(1))

%F (PLANT) 390,390,400

KWHD () SEXP(3,332123+.919832%0+, 04549050 %% =-,01 %3,
6o 16 520 . <e=e013202%Q%%3,)
TKwHD(I)=£XP(4.042985+.813216*0+.006793t0t*2.-.000180t0t*3.)
GL TO 520

AEROB
TKWHD(I)=0,
60 70 520

POSTA
TRwWHD(I)=0.
60 TO 520

EQUAL
TKWHD(I)=0,
60 TO 520

DIG2
Q=ALOG(FLOW(I))

IF (PLANT) 450+4500460
WISEXP(4 427327+, 301912*@*"056066*@**2."' 005112«Q%%3,)
60 TO 470

ENG19100
ENG19200
ENG19300
ENG19400
ENG19500
ENG19600
ENG19700
ENG19800
ENG19900
ENG20000
ENG20100
ENG20200
ENG20300
ENG20400
ENG20500
ENG20600
ENG20700
ENG20800
ENG20900
ENG2100G0
ENG21100
ENG21200
ENG21300
ENG21400
ENG21500
ENG21600
ENG21700
ENG21800
ENG21900
ENG22000
ENG22100
ENG22200

400 WIZEXP{4.065033+4392918%0+.074689#0%*%2+=e017843%Q*#3.+.001578*0%*4ENG22300

470

4a0

490

S00

510

520
530

1e)
WESEXP(2.875478++807755%0+,033342%0%%2,=,006513%Q#%%3,)
TRWHD(I)=w1+W2
60 TO 520

LANDD
TKWHD(I) =0,
60 TO 520

LIME
TKWHD(I)=0.
GO TO 520

KBC
TKWHD(I)=0.
GO TO 520
Q=ALOG(SMATX(2,1))

TEKWHD (1) ZEXP (4, 0U7318+,198436%0+,184937%0*%2.~,011184%Q%%3,)

SUM OF ENERGY COSTS FOR ENTIRE PLANT

TOTKWSTOTKW+TKWHD (1)
CONTINUE

OUTPUT FORMAT OF ENERGY INDICES AND COSTS FOR PROCESSES
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ENG22900
ENG23000
ENG23100
ENG23200
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540

550

500

AND OF TOTAL ENERGY COST FOR ENTIRE PLANT

WRITE (I0,540)
FORMAT (1H1¢//¢47X+ *ENERGY CONSUMPTION AND COST*)

WRITE (I0+¢550) (FLOwW(1l)+I=1+25)

WRITE (I0:550) (POW(I)sI=1¢25)

WRITE (I0,»550) (TKWHD(I)rI=1,25)
FOKMAT (/7/112F10e2¢7¢12F1042¢/¢F10,2)
WKRITE (10+560) TOTKW

FORMAT (//¢F10.2)

RETURN

END
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SECTION 27

TOTAL PLANT COST CALCULATION, COST

Calculate Total Plant Cost_, COST

1. Input parameters and nominal values.

DMATX(1,20) = CCI
DMATX(2,20) = WPI
DMATX(3,20) = RI

DMATX (4,20) = YRS
DMATX(5,20) = DHR
DMATX(6,20) = PCT
DMATX(7,20) = DA

DMATX(8,20) = CCINT

DMATX(9,20) =

:

DMATX(10,20) = CKWH

Rev. Date 8/1/77

Sewage treatment plant construction cost index
to account for the varlation of construction
cost with time, 1957-59 = 1. [2.257]

Wholesale price index for industrial commodities
to account for the variation of materials and
supplies cost with time, 1957-59 = 1., [1.675]
Amortization interest rate, fraction. [.06]
Amortization period, yr. [25.]

Wastewater treatment plant hourly labor rate,
$/hr. [4.73]

Fraction of direct labor cost that is charged
as indirect labor cost, fractiom. [.15]

Cost of land, $/acre. [1000.]

Interest rate for the cost of interest during
plant construction, fraction. [,06]

Program control: type of plant laboratory used,
1 = activated sludge, 0 = primary or trickling
filter. [1.]

Cost of electrical power, $/kilowatt-hr.[.02]

2, Output parameters which are printed on computer output sheets.

CCI = DMATX(1,20)
RI = DMATX(3,20)
YRS = DMATX(4,20)
DA = DMATX(7,20)
CCINT = DMATX(S8,20)
XLAB = DMATX(9,20)

RATIO = OMATX(1,20)

Multiplier used to factor into individual unit
process construction costs the cost of yardwork,
land, engineering, legal & fiscal, and interest
during construction, TOT/TCAP.
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TCAP = OMATX(2,20)

YARD = OMATX(3,20)
TCC = OMATX(4,20)

XLAND = OMATX(5,20)

ENG = OMATX(6,20)

SUBT 1 = OMATX(7,20)

FISC = OMATX(8,20)

SUBT2 = OMATX(9,20)
XINT = OMATX(10,20)

ACRE = OMATX(11,20)

AF = OMATX(12,20)

TOT = OMATX(17,20)

TAMM = OMATX(18,20)

Total capital cost of the entire treatment syss
tem without yardwork, land, engineering, legal &
fiscal, and interest during construction costs
factored in, §.

Capital cost of yardwork, $.
Subtotal of TCAP + YARD, §.

Cost of the required land for plant comnstruction,

$.

Cost of the engineering services for plant con-
struction, §.

Subtotal of TCAP+ YARD + XLAND & ENG, §$.

Cost of legal, fiscal and administrative ser-
vices during plant construction, §$.

Subtotal of TCAP + YARD + XLAND + ENG + FISC, §.
Cost of interest during construction, $.

Total land requirement for the entire plant,
acres.

Amortization factor.

Total capital cost of the entire plant (SUBT2 +
XINT), §.

Total amortization cost of the entire plant,
¢/1000 gallons.

TOPER = OMATX(19,20) Total operation and maintenance cost of the
entire plant, ¢/1000 gallons.
TOTAL = OMATX(20,20) Total treatment cost of the entire plant
(TAMM + TOPER), ¢/1000 gallons.
3. Theory and functions - FORTRAN statement followed by equivalent algebraic equation.
CCI = CCX/1.506 €0S02700
CCI
CCI = =
1,506 [no units]
AF = RI*(1.+RI)**YRS/((1.+RI)**YRS—1.) €0S02800
YRS
AF = RI(H‘R%){S [no units]
(14+RI) -1
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References:

Patterson and Banker, 1971

4, Cost functions.
Administrative and laboratory
a., Capital cost

£
Function o QPlant Inf.

X = ALOG(SMATX(2,1)) C0S03400

X =10 Qnt Int.

CCOST(20,1) = EXP(3.524005+.383129 *X+ ,077688*X**2,~,009021%X**3,)*1000.

3.524005+,383129%+0.077688X2~0.009021X> €0503500
CCOST = 1000e" " ’ : x-0. [dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs
(1) Operating manhours
OHRS = EXP(5.886104+.778820*X) C€0s03700

e5.886104+0.778820X

OHRS = [hrs/yr]

(2) Maintenance manhours
XMHRS = EXP(4.605170+,.661110*X) €0S03800

XMHRS = of-605170+0.661110X [hre/ye]

(3) Total materials and supplies

TMSU = EXP(7.24422 6+500000*X) €0S03900
TMSU = e7.244226+0.500000X [dollars/yr]
c. Total operating and maintenance costs
COST0(20,1) = ((OHRS+XMHRS)*DHR* (1.+PCT)+TMSU*WP1)/SMATX(2,1)/3650.
€0S04000
COSTO = (0HRS+XMHRS)DHR(1+PCTl;g§ggU*ﬂy1) [cents/1000 gall

QPlant Inf.

257



Garage and shop
a. Capital cost

CCOST(20,2) = EXP(2.288450+.446606%X+.032729*%X*%2,)*1000. €0504500

2.288450+0.446606X+0.032729X2

CCOST = 1000e [dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs

(1) Operating manhours C0S04600
OHRS = 0 [hrs/yr]
(2) Maintenance manhours C0S04700
XMHRS = 0 [hrs/yr]
(3) Total materials and supplies €0S04800
T™MSU = 0 [dollars/yr]
c, Total operating and maintenance costs €0S04900
C0ST0(20,2) = O [cents/1000 gal]

Laboratory operations
a. Capital cost €0S05500

CCOST(20,3) = 0 [dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs

(1) Operating manhours

(g) For XLAB =0 Primary or trickling filter plant C0s05600
OHRS = EXP(6.551080+.447632#%X) C0S05700

_ 6.551080+0,447632X
OHRS = e [hrs/yr]
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{b) For XLAB=1 Actiyated sludge plant €0S05600

OHRS = EXP(7.892489+.087261*X+.004753*X**2.+.006532*X**3.) C0S05900
2 3
7.892489+0,087261X+0.004753X°+0.006532X
OHRS = e [hrs/yr]
(2) Maintenance manhours
TMHRS = EXP (4.700480+,368379*X) COS06000
4.700480+0.368379%
XMHRS = e [hrs/yr]
(3) Total materials and supplies
TMSU = EXP(5.972471+.534838%X+.010941*X*%2 ,+,010320*%X**3,) C0S806100
2 3
5.972471+0.534838%+0.010941X74+0.010320X
TMSU = e [dollars/yr]

c. Total operating and maintenance costs

COST0(20,3) = ((OHRS+XMHRS)*DHR*(1,4+PCT)+TMSU*WPI)/SMATX(2,1)/3650.
€0506200

+PCT)+ (TMSU*
_ (OHRS+XMHRS) DHR (1+PCT)+(TMSU*WPI) [cents/1000 gal]

*
QPlant Inf. 3650

COSTO

Yardwork operations
a. Capital cost C0S06800

CCOST(20,4) = 0 [dollars]

b. Operating manhours, maintenance manhours and materials/supplies costs
(1) Operating manhours C0S06900

OHRS = 0 [hrs/yr]

(2) Maintenance manhours

XMHRS = EXP (6.542359+.082452%X+,184209%X**2,~,013606*X**3.) C€0s07000

e6.542359+0.082452X-+0.184209}(2-—0.013606}{3

XMHRS = [hrs/yr]
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(3) Total materials and supplies
TMSU = EXP(5,991464+,650515*X) C0S07100

5.991464+0.650515X

TMSU = e {dollars/yr]

c. Total operating and maintenance costs

COSTO(20,4) = ((OHRS+XMHRS)*DHR* (1.+PCT)+TMSUAWPI)/SMATX(2,1)/3650.
€0S07200

DHR (1+PCT)+ (TMSUAWP L
(OHRS+XMHRS ) DHR (14+PCT)+ (TMSU ) [cents/1000 gall

COSTO =
*
Qiant Int, 3630

Intermedlate plant costs

(1) ¢cosT(J,I) = CCOST(J,I)*CCI/1000. €0s08000
CCOST*CCI
C =
CCOST 1000 [dgllars_—]

vhere J = 1,20 and I = 1,5

(2) TCAP = TCAP+CCOST(J,I) €0s08100
TCAP = TCAP+CCOST(J,I) [dollars]
1000
where J = 1,20 and I = 1,5
(3) YARD = .14*TCAP C0s08200
YARD = 0,14TCAP dollars
Srooo—
(4) TCC = ALOG(TCAP+YARD) €0s08300
TCC = 1n (TCAP+YARD) [In dollars
Ctoo0 ]
Q = ALOG(SMATX(2,1)) C0S08400
= 1
Q n QPlant Inf,

(5) XLAND = EXP(2.405815+.010392%Q+,127563%Q**2, - *QRk3 )%
+DLAND/1000., Q Q**2.-.,009133*Q*#3,)*DA/1000.+CLAND/1000.

€0S08500
2.405815+0.010392Q+0.1275632-0. 0091330
XLAND = DA%e Q 7563 91330 +CLAND4DLAND
1000 [dollars]
1000
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(6) ENG = EXP(.557449+.462790%TCC+.021284*TCCX*2, ) €0s08700

NG = (O-35744940.462790TCCH0. 021284TCC
= e
[dollars]
(7) SUBT1 = ALOG(TCAP+YARD+XLAND+ENG) €0S08800
SUBTL = In (TCAP+YARD+XLAND+ENG) [1n (dollarsq
~1000
(8) FISC = EXP(-2.497954+.916338*SUBT1-.0238874SUBT1**2.) €0508900
FISC = o-2+497956+0,916338SUBT1-0,0238875UBT12 dollars,
1000
(9) SUBT2 = ALOG (TCAP+YARD+XLAND+ENGHFISC) €0S09000
= dollars
SUBT2 = 1n (TCAP+YARDHXLAND+ENGHFISC) [1n GTRRRT‘QJ
(10) P =-1,475131+.428894*SUBT2) €0S09100
P = -1.475131+0.428894SUBT2 [no units]
(11) XINT = CCINT*P/2.*EXP (SUBT2) €0509200
SUBT2
XINT = CCINT*P*e [dollars]
2 1000
(12) TOT = TCAP+YARDHXLANDHENGHFISG+XINT €0S09300
TOT = TCAP+YARDHXLAND+ENGHFISC+XINT [dgtiars
(13) TCC = EXP(TCC) C0S09400
Tcc dollars.
TCC = e [ 1000
(14) SUBTL = EXP (SUBT1) €0S09500
SUBT1 dollars
SUBTL = e S500
(15) SUBT2 = EXP (SUBT2) €0s09600
SUBT2 dollars
UBT2 = dollars
s & Moo 3
(16) TCAP = TCAP*1000. €0809700
TCAP = 1000TCAP [dollars]
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(17) TOT = TOT*1000. C0s09800

TOT = 1000TOT [dollars]

(18) YARD = YARD*1000. €0S09900
YARD = 1000YARD [dollars]

(19) TCC = TCC*1000. €0S10000
TCC = 1000TCC [dollars]

(20) XLAND = XLAND*1000. €0510100
XLAND = 1000XLAND [dollars]

(21) ENG = ENG*1000. €0S510200
ENG = 1000ENG [dollars]

(22) SUBT1 = SUBT1*1000, €05810300
SUBT1 = 1000SUBT1 [dollars]

(23) FISC = FISC*1000, €0S10400
FISC = 1000FISC [dollars]

(24) SUBT2 = SUBT2*1000, C0510500
SUBT2 = 1000SUBT2 [dollars]

(25) XINT = XINT*1000. €0810600
XINT = 1000XINT [dollars]

(26) RATIO = TOT/TCAP C0810700

RATIO = TOT [no units]
TCAP
(27) ACRE = (XLAND-DLAND)/DA C0S10800

ACRE = XLAND-DLAND

DA [acres]

262



Total plant cost

a., Capital cost
CCOST(J,I) = CCOST(J,I)*1000.*RATIO C0S11900
CCOST = 1000CCOST*RATIO {dollars]

where.J = 1,20 and I = 1,5

b. Amortized cost
(1) For ACOST(J,I) = 0 C0S12000

ACOST(J,TI) = CCOST(J,I)*AF/SMATX(2,1)/3650. €0S12300

ACOST = CCOSTHAF —
Plant Inf.

[cents/1000 gal]
where J = 1,20 and I = 1,5

(2) For ACOST (J,1) > 0 Where ACOST calculated in subroutine e.g., LANDD,CENT
ACOST(J,I) = ACOST(J,I)*RATIO*CCI C€0512100
ACOST = ACOST*RATIO*CCI [cents/1000 gall

where J = 1,20 and I = 1,5

¢. Treatment cost

TCOST(J,I) = COSTO(J,I)+ACOST(J,I) C0S12400
TCOST = COSTO+ACOST [cents/1000 gall
where J = 1,20 and I = 1,5
d. Total capital cost
TOT = TOT+CCOST(J,I) €0S812500
dollars
TOT = TOT+CCOST {’"1666_]
where J = 1,20 and T = 1,5
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Total amortized cost
TAMM = TAMM+ACOST(J,I)
TAMM = TAMM+ACOST

where J = 1,20 and I = 1,5

Total operating cost
TOPER = TOPER+COSTO{(J,I)
TOPER = TOPER+COSTO

where J = 1,20 and I = 1,5

. Total treatment cost

TOTAL = TOTAL+TCOST(J,I)
TOTAL = TOTAL+TCOST

where J = 1,20 and I = 1,5
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OoOO0O00

€0S00100

CALCULATE TOTAL PLANT COST €0500200

C0o500300

SUBROUTINE COST coS00400

CoSu0500

C0S00600

COMMON INITIAL STATEMENTS €0500700

€0s00800

INTEGER 0519052 C0S00900

COMMON SMATX(20¢30) » TMATX(20+30) rDMATX(20020) »OMATX(2G»20) »IP(20)+,C0501000

1INPeI0»IS1s]ISCe0S1r0S2eNe 1IAERFCCOST(20+5)»COSTO(20+,5)9AC0OST{20+5)C0S01100
2°TC0ST1(20+5) +UHRePCTrwPI+CLAND'DLANDFLOW(25) »POW(25) » T.\WHD(25) €0S01200

C0oS01300

CoS01400

ASSIGNMENT OF DESIGN VALUES TO ECONOMIC PARAMETERS C0S501500
CoS01600

CCI=DMATX (1,20} C0S01700
RI=DMATX (3+,20) €0501800
YRS=DMATX (4 20) cosu1900
DA=DMATX(7,20) €0502000
CCINT=DMATX(8,20) cos02100
XLAB=0OMATX(9+20) €0S02200
€0S02300

€0S02400

CALCs OF OUTPUT QUANTITIES C0S02500
CoS02600

CCI=CCI/1.506 coS02700
AFZRI*{(1.+RI}#*xYRS/((1.4+R]1)%x*%YRS~1,) Co502800
C0S02900

CoSu3000

CALCe OF CAPITAL AND OPERATING COSTS FOR ADMINISTRATIVE C0S03100

AND LABORATORY €0503200
C0S03300

X=ZALOG(SMATX(201)) CoS03400
CCOST(20r1)ZEXP(3.524005+.383129%X+,077688*X*¥%2,~,009021*X*%3,)*10C0503500
100. C0503600
OHRS=ZEXP(5.880104+.778820%X) C0S03700
XMHRSZEXP {4 .605170+.601110%X) €0503800
TMSUZEXP(7.244226+.500000%X) C0S03900
COSTO(20r1)=( (OHRS+XMHRS ) *DHR* {1 +PCT) ¢+ TMSUSWPI) /SMATX(2¢1)/3650. COS04000
C0S04100

CoS04200

CALC. OF CAPITAL AND OPERATING COSTS FOR GARAGE AND SHOP C0S04300
Cosouu00

CCOST(20+2)SEXP(2.288450+.446606%X+,032729%x%%2,)%1000., C0oS04500
OHRS=0., CoSou600
XMHRS=0, CoS04700
TMSU=0, cosous00
Co5710(2002) =0, CoS04900
€0505000

C0505100

CALC. OF CAPITAL AND OPERATING COSTS FOR LABORATORY C0S05200
OPERATION €0S05300
C0S05400

CCOST(20¢3)=0. C0505500
IF (XLAB) 20010020 CoS05600
10 OHRS=EXP(6.551080+.447632%X) C0505700
GO 1O 30 €0505800
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OO0

(s X aXaKal

80

TOT=TOT+CCOST(Je 1)

TAMM=TAMM+ACOST (Jr I)
TUPERSTOPELR+CUSTO(Jr 1)
TOTAL=TOTAL+TCOST(Js )

ASSIGWMENT OF VALUES TO OUTPUT DMATX
DMATX(1,20)=CCI*1.506

DMATX(2+s20)=WPI*1,.122

ASSIGNMENT OF VALUES TO OMATX

OMATX(1+20) =RATIO
OMATX(2,20)=TCAP
OMATX(3+20) SYARD
OMATX{(4s20)=TCC
OMATX (5¢20) =XLAND
OMATX (6+20) =ENG
OMATX(7/,20)=SUBT1
OMATX (8+,20)=F I1SC
OMATX (9,20) =SUBT2
OMATX(10¢20)=XINT
OMATX(11¢20)=ACRE
OMATX(12920) =AF
OMATX(17¢20)=TOT
OMATX (18¢20) =TAMM
OMATX (19+20) STOPER
OMATX (20+20) =TOTAL
RETURN

END

267

€0S12500
€0S12600
€0S12700
coS12800
C0S12900
C0S13000
CoS13100
CoS13200
€0S13300
COoS13400
€0513500
€0S13600
C0S13700
€0513800
C0S13900
CoS14000
C0S14100
€0S14200
C0S14300
CoSiu400
C0S14500
CoS14600
CoS14700
€0S14800
C0S14900
C0S15000
C0S15100
€0S15200
C0S15300
CoS15400
C0515500
C0S15600
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SECTION 28

OUTPUT SUBROUTINE, PRINT

PRT00100

PRINT OUTPUT PRT00200
PRT00300

SUBROUTINE PRINT PRTO0400
PRT00500

PRT00600

COMMON INITIAL STATEMENTS PRT00700
PRT00800

INTEGER 0S1,082 PRT00900
COMMON SMATX(20:30)»TMATX(20+30) rDMATX(20+20) ¢ OMATX(20+20) ¢ IP(20)¢+PRT01000
1INPrIOrIS10182,0519052¢N? JAERFCCOST(20+5)rCOSTO(2005)9ACOST(20+5)PRT01100
2+'TCOST(20+5) +DHR+PCTowPIsCLAND/DLANDFLOW(25) sPOW(25) ¢ TKWHD (25) PRT01200

PRT01300

PRT01400

OUTPUT FORMAT FOR STREAM CHARACTERISTICS PRT01500
PRTO1600

WRITE (I10.10) PRT01700

10 FORMAT (1H1e//77/044Xr *STREAM CHARACTERISTICS'e// 166X *VOLUME FLOW/PRTO1800
1 MILLIONS OF GALLONS PER DAY'r¢/»66Xe'CONCENTRATIONS, MILLIGRAMS PEPRT01900

2R LITER' /) PRT02000
DO 40 I=1,30 PRT02100

IF (SMATX(1+1)) 20:40+20 PRT02200

20 WRITE (I0+30) (SMATX(JrI)rJ=1+9)rSMATX(18¢1)sSMATX(16¢1)¢ (SMATX(JsPRT02300
11)9¢J=11+15) s SMATX(17¢1) ¢ SMATX{(10+1)»SMATX(19r]) PRT02400

30 FORMAT (2Xe*S'sF3.0+9Xr"Q*9s8Xr*SOCToTXe *SNBLC'eB8Xr*SON? e 8X» *SOP*»BXPRT02500
10 'SFEMI,TX» "SBOD" 1 8Xs *VSS o 8Xe "NH3' ¢ /0 7TX09F 1130 /7013Xe ALK ? 98X e *DOCPRT(02600
2% e 7Xe *DNBC* 99X 2 DN oOX e *DP Y2 BXo 'DFM® e 7X» 'DBOD ' 9 8Xe * TSS9 8X0 "NO3 ' » /PRT02700
327Xe9F11430/7) PRT02800

40 CONTINUE PRT02900

PRT03000

PRT03100

OUTPUT FORMAT FOR PROCESS CHARACTERISTICS AND PARAMETERS PRT03200
PRT03300

WRITE (I10,50) PRT03400

50 FORMAT (1H1¢////144X2 *PROCESS CHARACTERISTICS'+//7¢58Xe*CCOST = CAPPRT03500
1ITAL COSTr» DOLLARS'+/+58Xe*COSTO = OPERATING + MAINTENANCE COST: CPRT03600
2ENTS/1000 GAL+*¢/¢58Xs*ACOST = AMORTIZATION COSTe CENTS/1000 GAL«'PRT03700

3¢r/+58Xe ' TCOST = TOTAL TREATMENT COST» CENTS/1000 GALe'r//) PRT03800
DO 610 I=1.20 PRT03900

IF (IP(I)) 60+,610¢60 PRTO4000

00 KK=IP(I) PRTO4100
G0 TO (70+90¢110+610°,6107140¢16001800200022012409270¢300+320+»350+3PRT04200
1700390+/410+440+480+510»530+5600580) ¢ KK PRTO4300
PRTO4400

PRTO04500

PREL PRTO4600

PRTO4700

70 WRITE (10,80) I+DMATX(1+1)eCCOST(1+1)¢COSTO(IF1)eACOST(Iv1),TCOST(PRTO4B00
1101)OMATX(16¢1) PRTO4900

80 FORMAT (1Xx»1HPrI2s2Xs "PRELIMINARY " +6Xs " IPREL® 140Xs *CCOST 14X » *COSTPRTO5000
1072 4Xr PACOST " vl X 0 ' TCOST 16X e "ECF ' ¢/ +6Xs *TREATMENT * 46X +F 941+ 36X+1F9.PRT05100
200 3F9.3+F9,2¢//) PRT05200

GO TO 610 PRT05300
PRTO5400

PRT05500

PRSET PRT05600

PRT05700
90 WRITE (I0r,100) Ir(DMATX(JrI)eJ=1s3)s(OMATX(UrI)sJ=1,3)+CCOST(I+1)sPRTOSB00
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1COSTO(1¢1)eACOST(I01) v TCOST(I»1)DMATX(16,1)¢CCOST(1+2)+COSTO(I+2)PRTOS5900
2'ACOST(I+2)eTCOST(I»2)+OMATX(15,1) PRT06000
100 FORMAT (1Xre1HP»I2:2X? *PRIMARY*»11X¢'FRPS"15Xe 'URPS® »5Xs *HPWK ' 16X *PRT06100
1GPS 1 1oXr TAPS 15X 1 *PGPMY 9 /06X 0 *SEDIMENTATION® 1 2X0F 9,21 3F9.11F9.3)FOPRT06200
2000//7168Xe*CCOST st Xr *COSTO e &4 X e *ACOST ¢ X» *TCOST 46X YECF ¢/ ¢57X¢PRT06300
S'SETTLER" 12X¢tF9.0s3F9.31F9,2+//¢57Xe *SLUDGE '+ 3X+F9,003F9.3¢F9.2+/+PRTO6400
Y57Xe *PUMPS 0 //) PRT06500

60 TO 610 PRT06600
PRT06700

PRT06800

AERFS PRT06900

PRT07000

110 WRITE (10+120) I+ (DMATX(JrI)eJ=1010)r (OMATX(JsI)rU=1010) PRT07100
120 FORMAT (1Xr1HP¢I2+2Xs 'ACTIVATED SLUDGE=1+2X,*BOD'#5Xs *MLSSY»SX¢ '*DEPRT07200
1GCY ¢ 3Xr *CAER2O* ¢ 7Xr DU » 3X ¢ *AEFF20" ¢ SX 0 *URSS ' 16X 'GSS Y 15X "HEAD ' ¢ SPRT07300
2Xr*ALMD? ¢ /96X 'FINAL SETTLER' ¢ 2X+tF9.1sF9e0r8FG.20//+24X e "BOD2? 1 4X+»PRTOTHOD
3'DOSAT* r5Xr ' XRSS' r6Xe *AFSY 1 SXe *CAER v SX ¢ YCEDR® 15X *VAER ' ¢ SX¢ *YNIT'PRT07500
Qr4Xs "MLASSY vl Xs "MLBSSY 1/ 021X02F9e1rFOelt12F9.243F9.3¢2F9.0/) PRT07600
WRITE (I0,130) (OMATX(JrI)rJ=11+20)¢CCOST(Ir1)9COSTO(I 1) 9ACOST(I/PRTOT7700
11),TCOST(1r1) »DMATX(16r1) pCCOST(T¢2)9COSTOL192) v ACOST(1¢2) e TCOST(IPRTO7800
202) rDMATX(1521) v CCOST(I¢3)rCOSTO(Lr3) s ACOST(1¢3)eTCOST(I¢3)¢DMATX(PRTOT7900
3l4reI)eCCOST(Is4)»COSTO(IY)»ACOST(I oY) TCOST(Ivl4) DMATX(13,1) PRT08000
130 FORMAT (22X ¢ *MLNBSSt r4Xs "MLDSS v 4Xs "MLISS 1SXs *FOOD r4Xs "RTURN v SXPRT08100
1o CNIT o4 X9 *ARCFD Y r4Xr» *BSIZE' r4X s *CFPGL* v 7X» QR ¢ /121X 3F9,09F9.1+PRT08200
22F9¢312F9400F9.20FFe3¢// 168X *CCOST 2 4X» *COSTO" 14X e YACOST* r4Xe *TCOPRT08300
3STYeOXe YECF*r/s57Xe *tAERATOR 12X 1F9,003F9e3+1F9.2¢//+57X» 'BLOWER " » 3XPRT0B400
41F9,003F9e3¢FY.20//057X0*SLUDGE* ¢ 3XsF9,093FFe30FF:2¢/¢57Xr *PUMPS* »PRT08500

S//15TXe *FINALY r4X¢FIe003IF9e30F9.2¢ /957X "SETTLER ' ¢//) PRT08600
60 TO 610 PRT08700
PRT08800

PRT08900

DIG PRT0S000

PRT09100

140 WRITE (10,150) I+(DMATX(JrX)ed=1re2) s (OMATX(UeI)rJ=1+5)sCCOST{I»1)sPRT09200
1COSTO(I»1) s ACOST(Ir1) e TCOST(Ir1)DMATX(16,1) PRT09300

150 FORMAT (1Xs1HPrI2¢12X?*SINGLE STAGE'+8Xe*TD'¢ySXr*TDIG*r4X»*C1DIG* 1 4PRTO9400
IXe'C2DIGY vSXr tVDIG ' +6Xe *CHU 16X *CO2% 0/ 16X e *ANAEROBIC Y v6Xv2F9.1+FOPRT09500
2031F9e01F9e302F9e0¢ /90X e *DIGESTION? »/¢68Xs'CCOST o4 Xe *COSTO* v X2 *APRT09600

3COST o4 X e *TCOSTY 16X0 YECF*2/966X1F9.073FF431F9.207/) PRT09700

GO 70 610 PRT09800
PRT09900

PRT10000

VACF PRT10100

PRT10200

160 WRITE (10s170) Ir(DMATX(JoI)rJ=1v10)¢(OMATX(JrI)*J=103)CCOST(1,1)PRT10300
19COSTO(Iel)rACOST(Iv3)oTCOST(Iv1)sDMATX(160]) PRT10400

170 FORMAT (1Xe1HP»I2¢2Xs *VACUUM® #13Xs» *VFL Y s SXs *HPWK' 16X ¢ ' TSS9 4Xs * IVAPRT10500
1CF* o 4Xe *FECL3?»6Xs *CAQY v HX» *CFECL®+5Xs *CCAO " v iX s *OPOLY ¢ 4X» *CPOLY'PRT10600
20/16Xs VFILTRATION? ¢5X1F94202F9,0rF9e112F9¢212FFe41F9.2+/F94%4+//+26XPRTL10700
30 PWP Y y6X2 YAVF 1 9 SXr 'PSUDT 122X *CCOST 24X *COSTO v 4X s *ACOST* 14X+ * TCOPRT10800

USTY ybXr 'ECFY9/021Xe2F9,1¢F940r18X2F9e013F9431F94210//) PRT10900

GO TO 610 PRT11000
PRT11100

PRT11200

THICK PRT11300

PRT11400

160 WRITE (I0r190) I¢(DMATX(JsI)sJ=1r4) s {OMATX(Ur])rJ=1+2)+CCOST(I+1)sPRT11500
1COSTO(I+1) o ACOST(I21) e TCOST(Iv1)+DMATX(1601) PRT11600

190 FORMAT (1X01HP01202X"GRAVITY'OIZX.'TRR'O&X:'TSS"6X1'GTH'vSX"Gasz;iig%%
lH"SX"ATHM"va'NRT'0/06X0'THICKENING'v5X'F9.2'F9.0'3F9-1:F9.2v PR
2'68X0'CCOST"4Xo’COSTO'oQXo'ACOST'oﬂXv'TCOST'vaO'ECF'1/066X'F9.0vPRT11900

33F9.31F9e20//) PRT12000
60 TO 610 PRT12100
PRT12200

PRT12300

ELUT PRT12400
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200 WRITE (10+210) I+ (DOMATX(JsI)¢J=1¢5)9)OMATX(1+1)¢CCOST(I¢1) COSTO(I,PRT12600
111 9ACOST(1¢2)eTCOST(Ir1)DMATX(1691]) ) PRT12700
210 FORMAT (IleHPOIZDZX"ELUTRIATION'OBX"ERR'|6X"TSS"6XO'HRE':7XO'PRTIZBDO
16L'n6x"GES'o7X0'AE"/021XOF9o2vF9.0'3F9c1'F9.0v//068Xo'CCOST'vQX'PRT12900
29COSTO? sl X s *ACOST Y 14X o ' TCOST T 16X 'ECF 10/ 966X0F9.003F9,3,F9.2¢//) PRT13000

60 TO 610 PRT13100
PRT13200

PRT13300

SBEDS PRT13400

PRT13500

220 WRITE (10,230) I»(DMATX(JrI)sJ=1+2)»OMATX(1,1)»CCOST(1+1),COSTO(I,PRT13600
11) e ACOST(Le1) e TCOST(Ir1) rOMATX(16+1) PRT13700
230 FORMAT (1Xxv1HPeJ2+2X¢*SAND DRYING®» 7Xs *SOUT 16X *TSS'+6Xe *ASB? 1 22XPRT 13800
10 0CCOST  rX e *COSTO sl X e YACOST 1 4Xe tTCOST 2 6X? YECF ' 9 /v 6X» *BEDS* v 11XPRT13900
21F9.,212F9.0r18XrFIe013FFe31FBe2¢//) PRT14000

60 TO 610 PRT14100
PRT14200

PRT14300

TRFS PRT14400

PRT14500

240 WRITE (10,250) I+ (DMATX(JeI)eJ=10¢9)y (OMATX(Ur])eJd=1sl4) PRT14600
250 FORMAT (1Xo1HP»I2+2Xe *TRICKLING*»10Xr*BOD*»SXe *OEGC*#7Xe *HQ* e 4X» *SPRT1I4T700
LAREA' ¢ SX¢» YURSS ' 1 SXe ' XRSS T ¢ 3X 0 *RECYCL* 06X *GSS* e 5Xe *HEAD ¢ /26Xy *FILPRT14800
2TER="18XIF9e104F9e2+F9,4r3F9elr/16Xe *FINAL SETTLER'+/¢25X» *AFS*+16XPRT14900
3e0VOL Y e 4Xy "FAREA r4X 0 'DEPTH ¢ /021X 1FDe2¢2F9.091F9e2¢/) PRT15000
WRITE (10,260) CCOST(I¢1)eCOSTO(In1)rACOST(L1r1)eTCOST(I,1),DMATX(1PRT15100
1621)rCCOST(Ir2)rCOSTO(I+2)0ACOST{1+2) s TCOST(1+2)2DMATX(15¢1)¢CCOSTPRT15200
201¢3)eCOSTO(Is3)rACOST(1¢3)eTCOST(I¢32¢DMATX 2b401) PRT15300
260 FORMAT (68Xr'CCOST r4xr'COSTO v &4 X0 *ACOST vl Xr *TCOST*rEXe *ECF*¢/+57PRT15400
1Xp *FILTERY 1 3XsF9e093F9,3¢F9e20//1STXr 'FINAL v 4XrFI.003F9¢3+F9.2+/+PRT15500
25TXe 'SETTLER ' ¢//157Xs "SLUDGE ' ¢ 3XrF 9,00 3FCe3+1F9,2¢/¢57Xe "PUMPS' ¢ //)PRT15600

G0 TO 610 PRT15700
PRT15800

PRT15900

CHLOR PRT16000

PRT16100

270 WRITE (10,280) I+ (DMATX(JrX)ed=1¢5)s (OMATX(Ur])rJ=1,3) PRT16200
280 FORMAT (1Xr1HPsI202Xe *CHLORINATION=*#5Xr *'DCL2*+5X» *TCL2' 95Xy *CCL2'PRT16300
1rOXe'US021¢5XeCS02 15X e *BVOL ' ¢ 5X» *CUSE* ¢ 5X, *SUSE*» /v 6X» *DECHLORINPRT 16400
2ATION' 1 1X¢F9e2¢F941¢3F9.2/F9,002F9,21/) PRT16500
WRITE (10,290) CCOST(1+1)eCOSTO(Xr1)rACOST(]2r1)eTCOST(I,1) DMATX{IPRT16600

162 1) vCCOST(Iv2)vCOSTO(I¢2) e ACOST(I92) s TCOST(1,2)DMATX{15:1)9CCOSTPRT16700
2C1+3)rCOSTO(Is3)2ACOST(I?3)»TCOST(1¢3)sDMATX(14s1) PRT16800
290 FORMAT (66X»"CCOST ' r4nr?COSTO s u4Xr*ACOST  r4x+*TCOSTroXe "ECF'e/+S5S7PRT16900
1X2 "CONTACT ' 12ArFFe0r3F9a3+F942+/957X? *BASINY +//+57Xe*CL2 FEED*+1X+PRT17000
2F9e0r3FIe30F9¢20/1STXr 'SYSTEM ' ¢ //15T7X+*S02 FEED' ¢+ 1X+F9.0¢3F9+3¢F9.PRT17100

32¢/¢5TXe *SYSTEM' 0/ /) PRT17200

60 7O 610 PRT17300
PRT17400

PRT17500

TFLOT PRTL17600

PRT17700

300 WRITE (I10+310) I+ {(DMATX(JoI)eJ=197)s (OMATX(Ur1)eJ=1,3),CCOST(I+1)9PRT17800
1C0STO(I»1)+ACOSTIIe1)»TCOST(Ir1),DMATX(26¢1) PRT17900

310 FURMAT (1X+1HP1I2¢2Xe*FLOTATION' +10Xe ' TRR? 16X0 *TSS?+6Xs 'GTH? ¢ 5X» *GPRT18000
L1STH ¢ 5Xe "HPWK ! s 44X o TOPOLY " 14X *CPOLY * ¢ /9 6Xr * THICKENING ' + 5XrF9+2+F9.PRT18100
2005F9-20//v24x"ATHM':?X"XN'O“X"ATHMI"ZZXO'CCOST'v“Xo'COSTO'r“XPRTlBZOO
3 ACOST sl Xr ' TCOST  rBX» tECF? ¢/ 021X+ 3F941718xrF9.0¢3F9.3,F9,.2¢//) PRT18300

60 Y0 610 PRT18400
PRT18500

PRT18600

MHINC PRT18700

. PRT18800
320 WRITE (I0+330) I+ (DMATX(JrI}rJ=1¢9) s (OMATX(UeI)eJ=1+5) PRT18900

330 FORMAT (1X¢1HPsI2+2X¢ 'MULTIPLE HEARTH* ¢+ SX» *ML* » SXr *NINC* ¢ 5X» *HPWK'PRT19000
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1r5Xs "SPER* ¢+ 7TXo TWV 0 TXe *HV 9 SXo * TYPE? 2 7Xs *FC?r6X» "CNG* ¢ /96Xe * INCINEPRT19100
2RATION® v 3X 9 7F 9o 122FFe30// 925X *FHA o SXe *WFYR' ¢ SX¢ *PSDD* 1 4X» *ECOST'PRT19200

3r4Xe'FCOST'+/021X05F9.007) PRT19300
WRITE (30,340) CCOST(1¢1)rCOSTO(Iv1)rACOST(I¢1)sTCOST(I+1)9DMATX{1PRT1I9400
1601) PRT19500
340 FORMAT (68Xs*CCOST*r4Xe?COSTO? r4Xs *ACOST v 4xr *TCOST ' ¢6Xs 'ECF*+/+60PRT19600
1X+F9e0r3F9.31F9.2¢//) PRT19700

60 T0 610 PRT19800
PRT19900

PRT20000

RWP PRT20100

PRT20200

350 WRITE (I0+360) I+DMATX(121)sOMATX(1¢1}rCCOST(Ir1)eCOSTO(Ir1)rACOSTPRT20300
10102} eTCOST(I01)rDMATX(16+1) PRT20400

300 FORMAT (1Xe31HPeJ202Xe 'RAW WASTEWATER' r4Xe *HEAD' 17Xy *QP* ¢ 31X¢ *CCOSTPRT20500
1004 Xr*COSTO r4Xe *ACOST* 14X 2 *TCOST* 16X *ECF'+/96X? "PUMPING® »8X» 2F9.PRT20600

22127X1F9¢0013F9:31F9.2¢//) PRT20700
60 TO 610 PRT20800
PRT20900

PRT21000

SHT PRT21100

PRT21200

370 WRITE (10.380) I+DMATX(1¢1)sOMATX(1+I)eCCOST(I¢1)sCOSTO(1¢1)rACOSTPRT21300
10101) e TCOST(Ir1)OMATX(16+1) PRT21400

380 FORMAT (1Xs1HPrI202Xe*SLUDGE HOLDING® ¢6X? ' TU® +S5X? *VSHT ' ¢31X» *CCOSTPRT21500
1004Xe ' COSTO  r 4 X2 "ACOST* 1 4Xr *TCOST ' 96Xe 'ECF'»/+6X+ "TANKS*» 10X+ 2F3.1PRT21600

2927XeF9.003F9+30F9.20//) PRT21700

GO TO 610 PRT21800
PRT21900

PRT22000

CENT PRT22100

PRT22200

390 WRITE (IOe400) I+ (DMATX(JeI)eJ=198)¢ (OMATX(UrI)rJ=1¢5)9sCCOST(I»1}PRT22300
1COSTO(I1)rACOST(Iv1) e TCOST(Ir1)sDMATX(1601) PRT22400

400 FORMAT (1Xxs1HPeI2+2Xs *CENTRIFUGATION' #5X? *CRR*96X» *TSS?*»5X» *HPWK?® ¢+ PRT22500
15Xe *XCEN' »SXe *POLY? 24 X0 *CPOLY* ¢ 5Xo YGPMNY 4 X o "CNMIN® 9 /20 21X¢F9.2/F9.PRT22600
2013F9e112FGe2¢F9ale// 024X *COPM e 5X0 *OSOL " 1 6Xo YAFC* 24X 'CSIZE » TXPRT22700
3'CNY /021X 1F9e0eF9,10F94522F 910 //068X0*CCOST? o4 Xp 'COSTO 14X *ACOSPRT22800
4TV oy Xe *TCOST ' 16X 'ECF '+ /166X 1F9003F9.3¢F9e2¢//) PRT22900

G0 TO 610 PRT23000
PRT23100

PRT23200

AEROB PRT23300

PRT23400

410 WRITE (I0»420) Iv(DMATX(JeI)rJ=1¢8) s (OMATX(urI)rJd=1,4) PRT23500

420 FORMAT (1Xr1HPeI2¢2Xe*t AEROBIC v 13Xo XL ¢SX0 *XAFS*'»6Xe *DTA' 15X *TSSPRT23600
11095 Xs 1 TSS2% 15X 'BOD2 X 'GSS T 15X "HEAD*+/+6X v 'DIGESTION' 1 6X02F9.PRT23700
200F9:112F9e0rF9e102F9e2¢//12UXs *VAERY 1SX0 TACFM' v U4 X *QPUMP? y6X ¢ ' AFSPRT23800
3'0/121XeF9:.30F9.002F962¢7) PRT23900

WRITE (10,430) CCOST(1s1)sCOSTO(Ir1)rACOST(Iv1)s»TCOST(I¢1)sDMATX(LPRT24000
16¢1)9CCOST(I2) s COSTO(I12)rACOST(L1¢2) s TCOST(I+2)sDMATX(15+1)¢CCOSTPRT24100
2(1¢3)9COSTO(I»3)rACOST(Ir3) e TCOST(I»3)DMATX(14»I)oCCOST(1+4)2COSTPRT24200
30(Is4)r ACOST(LI o) v TCOST(Ir4) DMATX(1301]1) PRT24300

430 FORMAT (68Xr*CCOST " ruxr*COSTO r4Xr *ACOST s UXr ' TCOSTr6X0 *ECF*e/»STPRT24400
1Xr ' AERATORY 1 2X2F940+3F9e3¢F9420//157X0 *BLOWERY 1 3XsF940¢3F9,37F9.2,PRT24500
2//715TXeYSLUDGE ' ¢ 3X1F94s003FFe3¢F9e20¢/¢5TXr *PUMPS*+//+S7Xs *FINALY »4XPRT24600
31F9e013FFe31F9.2¢/1STXe*SETTLERY»//) PRT24700

60 TO 610 PRT24800

PRT24900
PRT25000
POSTA PRT25100
PRT25200

440 WRITE (I0»450) I»(DMATX(JrI)eJd=1913)2(OMATX(JrI)rJ=17) PRT25300

450 FORMAT (1Xr1HP»I2¢2Xs *POST AERATION® &4 Xs "ITYPE"yBX»*L"»5Xs *DOIN' » SPRT25400
IXr 'D0OUT e 7Xo *TL v 7Xe ' TOD ¢ 7X0 *TW Y 4 X o "AERFO' s 4 X0 YHPHRO® 16X» "ALT * ¢ /¢ PRT25500
221X02F9¢0s5F9e11F9e312F9e20//123X0 *CFMDF 24 Xe 'DIFFTY e 7Xe '0D* ¢ SX ¢ *VPRT25600
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SAERY roXr 'CFMP e 7X2 THP ¢ SX ¢ " TMIN® 16Xs *VMG' s 4 X s YAERFF ¢ ¢ SX v *CLEN' »/»21PRT25700

4X03F9.1+F9,31F9.012FF.2+/FFs4rFIe31FFe2¢/) PRT25800
WRITE (I0r460) (OMATX(JeI)eJ=8s13) PRT25900

460 FORMAT (25Xs "HPL1' e 7X2 *XN' 06X e *THP ' o4 Xe *WIDTH® ¢4 X0 'DEPTH ¢ 5X ¢ ' TLEN'PRT26000
10/7021X1F9.20F9.19F9.212F%:1¢F942¢/) PRT26100
WRITE (I0r470) CCOST(1e1)eCOSTO(Iv1)sACOST(1v1)»TCOST(I+1)sOMATX(1PRT26200
1691)+CCOST(1+¢2)9COSTO(192) ¢ ACOST(1+2) 1 TCOST(I¢2) DMATX(15,1) PRT26300

470 FORMAT (66X 'CCOST el Xs *COSTO o 4Xe YACOST s xs *TCOST* rOXe "ECF '+ /¢ S7TPRT26400
1X0 ' BASINY r4XPF9.0s3F9e3+F9,.2¢7//¢STXe"AIR" 16X1FFe013FF.3:F9.,2+/+57XPRT26500

21 'SUPPLY ' //) PRT26600

GO TO 610 PRT26700
PRT26800

PRT26900

EQUAL PRT27000

PRT27100

450 WRITE (I0+490) I+ (DMATX(JrI)oJ=1¢5) o (OMATX(UrI) e J=1914) PRT27200
490 FORMAT (1xe1HPsI12¢2Xe 'EQUALIZATION? 16Xe *TAERT 16X P 'RLW? # 4X ¢ *COSTL* ¢ PRT27300
15X *HEAD " 15X e YIMAT o4 xr "WIDTH ¢ SXe PAREAT #5Xp *YUMG? o 5X e *VOMG* v 7X ¢ *VPRT2T400

2T 0 /021X 02F el tFFe312FF¢11FFe21FGettsIF9.4r/ /023X 1SAREAY 1 7X» "HP 2 6PRT27500
AXe "HPLY e 7Xe " XN 26X *THP 24X e *PLAND? ¢ 4X» *CLAND* #5X» *VAER* ¢ SX» "ECFM!'PRT27600
41/ 121KtF9.1902F9.2¢1F9:1+2F9.2¢/F9.0¢F9e3¢F9.0,7) PRT27700
WRITE (10,500) CCOST(1e1)»COSTOU(IP1)rACOST(I01)sTCOST(1+1)DMATX{1PRT27800

160 1) 0 CCOST(Iv2)eCOSTO(I»2) »ACOST(I+2)2TCOST(1+2) rDMATX(15¢1)2CCOSTPRT27900
201¢3)9COSTO(Ir3) rACOST(I93) e TCOST(1o3)sDMATX(24¢1)oCCOST(Ir4),COSTPRT28000
30(1e4) e ACOSTC(Le4) 2 TCOST(I9o4)9sCCOST(I¢5)¢COSTO(I»5)+ACOST(I+5) ¢ TCOSPRT28100
47(1,5) PRT28200
500 FORMAT (68Xe'CCOST ' rt4xe*COSTO " r4Xe *ACOST s Xr *TCOST*v6X2*ECF ' /91S57PRT28300
1Xr ' AERATED ' 12X rF9e 01 3F9e391F 920/ v5TXe "POND/TANK ' 1/ /eSTX0 *AIRY 16X FPRT28400
29400 3F9e30F9e20/¢5T7Xr 'SUPPLY ¢/ /957X "PUMPING'12XsF9.0¢3F9,3¢F9,2¢PRT28500

3/ 15TXr *SYSTEM ¢ //9STXs *"FLOW' ¢ SXsF 9,00 3FFe30 /957X *MEASURING? ¢/ /»S7PRT28600

UXe 'POND ' 15X 1F9.003FQe30 /157X 'LINING ¢/ /) PRT28700

60 TO 610 PRT28800
PRT28900

PRT29000

(3) {73 PRT29100

PRT29200

510 WRITE (I0¢520) T+»(DMATX(JrI)rd=1+3)OMATX(1,1)+CCOST(Ir»1)sCOSTO(IPRT29300
11)rACOST(Ir1) e TCOST(I+1) rDMATX(16+1) PRT29400

520 FORMAT (1Xr1HP»12+2Xe"SECOND STAGE' ¢ ?Xr *TRRY16Xe *TSS* e 7Xe *TD' 15X "PRT29500
IVUIG ' v13Xs *CCOSTY e X *COSTO X e *ACOST v X e ¢ TCOST 1,6 Xe YECF 9 /46X 'PRT29600
2ANAEROBIC' 16X 1FFe2tF9e0rF a1 rF9:319X0F9¢013F9.3¢/F9.2¢726Xe*'DIGESTIPRT29700
30N »//) PRT29800

60 TO 610 PRT29900
PRT30000

PRT30100

L ANDD PRT30200

PRT30300

530 WRITE (I0:540) I+ (DMATX(JrI)rJ=1+5) e (OMATX(UsI)eJ=1,9) PRT30400

540 FORMAT (1Xs1HP»I2s2Xs'LAND DISPOSAL OF ' v2X 0 *TAYR' ¢ 7X» 'SP s5X e *DISTPRT 30500
1% e 7XrtTS*o5XP "YRSL"»/+6X2 'LIGUID SLUDGE " 22X+ 3F9.2/F9.0¢F9e1s//¢25XPRTI0600
2"TYT"5X0'TTYR"5XO'TRKN'lﬁX"SLV'OSX"TONS'l“X"ALAND"“XD'DLANDPRT3070°
3 eOXr'COL ' rOXr *AFT 0/ 921X13F9e003F9,212F9.0,F9.5¢/) PRT30800

WRITE (10,550) CCOST(I'I)OCOSTO(III)'ACOST(IOI)OTCOST(IUI)'DMATX(lPRT30900
1611)'CCOST(IOZ)OCQSTO(IOZ)OACOST(IIZ)'TCOST(IIZ)ODMATX(15'I)OCCOSTPRT31000
2(1+3)9COSTO(Ir3)rACOST(I?¢3)eTCOSTI(IV3) PRT31100

550 FORMAT (6BX"CCOST'OQXO'COSTO"“X"ACOST"QXO'TCOST'06X"ECF'I/057PRT31200
1X"STORAGt'l2XIF9'0D3F9¢30F9o2'/'57X"LAGQON"//'57XO'TRUCKING'OIXPRTalsOO
2¢F9.,003F9:31F9.20//+5TX e * INTEREST ' 11XsF9¢0¢3F9¢31/¢57X» *ON LAND® ¢ /PRT31400

3/)
PRT31500
G0 T0 610 PRT31600
PRT31700
PRT31800
LIME PRT31900
PRT32000
500 WRITE (I0:570) Ie (DMATX(JeT) ¢ JS102) 9 (OMATX(Ur 1) ¢J=1+2)+CCOST(1+1)+PRT32100
1COSTO(I+1) ¢ ACUST(Lr1) s TCOST(I01) sDMATX(16+1) PRT32200
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OO0

OO0

OoO0OOn

570 FORMAT (1x»1HP»I2¢2Xs'LIME ADDITION® e4Xs *DLIME® ¢4Xs 1CLIME" +5Xs *PPOPRT32300
LYy 5Xs 'DTOUNY e 13X0 *CCOST o4 X v *COSTO 04X YACOST o4 X» * TCOST ' v6X9 *ECF'PRT32400
29/16X1*'TO SLUUGE' 16X 0F9e¢19F9.21F9e19F9:,219X¢F9,0023F9:3¢F9e2¢//) PRT 32500

60 TO 610 PRT32600
PRY32700

PRY32800

RBC PRT32900

PRT33000

580 WRITE (I0+590) Iv(DMATX(JrI}oeJd=109),(OMATX(Jr]1)rJ=1,10) PRTY33100

590 FORMAT (1xXx¢1HP»I12+2Xe*ROTATING' r11Xs*BOD ¢t X2 *XNSTG' #5X» *DEGC?  4X s PRT33200
1°QPABL ' rliX o YQPANI ' 16X 1 *GSS* 1 SX 0 *BODN v 6X? * TSSY o 5Xe *CPDY ' ¢ /2 6X» *BIOPRT 33300
2LOGICAL"15X12F94193F94212F9e172F9e29/7+6X? *CONTACTOR=?¢/96Xs 'FINAL PRT33400
3SETTLERY 15X *QPAB* #5X ¢ *QPAN' 14X » YAPSTG" +SXe YAREA" o 4X 0 *FNSTG v 4X ¢ *RPRT 33500
UNSTG ' s Xe 'RATIO 15X s *PREM s SXr "QPAT Y e 6Xr "AFS Y 1 /021X 1 2F9.2¢r2F9.,0¢2FPRT33600
59¢21F9¢37F9.2¢F9e3¢F9elr/) PRT33700

WRITE (10:600) (OMATX(JrI)oJ=11017)+CCOST(1+1)rCOSTO(Ir1)sACOST(IPRT33800
11)9TCOST(1+1) +DMATX(102I)sCCOST(I¢2)rCOSTO(]1¢2)¢ACOST(I+,2),TCOST(IPRT33900
202) 1DMATX(1521]) PRT34000

6U0 FURMAT (24X»*PDSD' 15X» *URSS " +5X» *NTRN® r4X e 'NSHFT? 14X ¢ YCOSTM? rt4 X ¢ *CPRT34100
10STE X e *COSTLY /0 21XoFFel1F9a302F9¢193F9a0r//9168Xs*CLOST?)4X» *COPRT34200
2STOY s X o YACOST Y 14X e " TCOST Y e6Xe *ECF* 0/ 957X e "CONTACTOR® ¢1F9e0+3F9.3/FPRT34300
39207/ 057X e "FINALY v 4XsFQe003FGe30F9,20/¢57Xe*SETTLER " »//) PRT34400
610 CONTINUE PRT34500
PRT 34600

PRT34700

OUTPUT FORMAT FOR COSTS OF MISCELLANEOUS FACILITIES PRT34800

PRT34900

WRITE (10,620) CCOST(2001),COSTO(20¢1)ACOST(20¢1)TCOST(20,1) PRT35000

620 FORMAT (6X¢ *ADMINISTRATIVE' v48Xe *CCOST v 4Xr *COSTO? 44X s *ACOST 94 X? *PRT35100
1TCOST o /96Xe "AND LABORATORY ' 1 4EXeFO9,.003F9.39//) PRT35200

WRITE (10:630) CCOST(2002)eCOSTO(20¢2) rACOST(2002)»TCOST(20,2) PRT35300

650 FORMAT (6X¢"GARAGE ' »SoXr» *CCOST Y ruX o 'COSTO' »4X» *ACOST Yo 4X» ' TCOST Y o /PRT 35400
106Xe "AND SHOP ' ¢52X1FSe003F9:30//) PRT35500

WRITE (I0s640) DMATX(9,20)¢CCOST(20¢3)9COSTO(20¢3)+ACOST(20+3)TCOPRT35600
15T(20,3) PRT35700

640 FORMAT (6X»*LABORATORY ' ¢BXr *XLAB' r40Xs *CCOST? o4Xr *COSTO r4Xe 'ACOSTPRT35800
10 4Xr ' TCOST ' v/ 06X2 "OPERATION' 16XtF9.1136X1FOe00IF9,3¢//) PRT35900

WRITE (10,650) CCOST(20,4)2COSTO(20¢4)1ACOST(20+4) s TCOST(20+4) PRT36000

650 FUORMAT (6Xr 'YARDWORK ' 1 S4Xr*CCOST ' ri4Xr 'COSTO r4Xo *ACOST '+ 4X,*TCOST'PRT 36100

12/7r6Xe*OPERATION' 1S1X1F9e003F9430//) PRT36200
PRT36300

PRT36400

OUTPUT FORMAT FOR TOTAL PLANT COST PRT36500

PRT36600

WKITE (I10+660) (OMATX{(Jr20)9J=17020) PRT36700

660 FORMAT (1H1+//////¢54Xs"TOTAL PLANT COST'+///+39Xs*TOTAL CAPITAL CPRT36800
10ST = *yF10.,0¢" DOLLARS'¢16Xe*TOT'e//3UXe'TOTAL AMORTIZATION COST PRY36900
2= '+F10¢3¢*' CENTS/1000 GALLONS'sSXs*TAMM'»//»41Xe*TOTAL O + M COSTPRT37000
3 = 'eF10.3¢r* CENTS/1000 GALLONS' #5X+¢*TOPER'»//¢37Xe*TOTAL TREATMENPRT37100
4T COST = *+F10.39* CENTS/1000 GALLONS'¢5X»*TOTAL e /////) PRT37200

WRITE (I0,670) (DMATX{Jr20)9J=1¢10) (OMATX(Ur20)ruz=1s12) PRT37300

€70 FORMAT (7Xs*CCI"+9Xo*WPI®»10Xe"RI"+9X» YRS »9X¢'DHR? 1 9X» *PCT'»10X,PRT3I7400
1'OA* e 7Xo'CCINT* v BXo " XLAB' #8X ¢ "CKWH' ¢ //13F12,3+F12.1+F12.2¢F12.3+F1PRT37500
22+002F12¢2¢F12430/////7 05X *RATIO o+ 8Xr *TCAP ' »8X» *YARD" 19X+ *TCC*» 7X/PRT 37600
3'XLANUY 9 OXe YENG ' ¢ TX 0 *SUBTL1 9 BX» *FISCY o 7Xs *SUBT2* 08X e *XINT?¢//»F12.PRT37700

43)9F12.00///v6Xe*ACRE® +10Xe YAF ¢ //1F12.29F1245) PRT37800
RETURN PRT37900
END PRT38000

273



REFERENCES

Preliminary Design and Simulation of Conventional Waste-
water Renovation Systems Using the Digital Computer,"
Robert Smith, March 1968, Water Pollution Control Research
Series Publication WP-20-9, NTIS-PB215409.

"Executive Digital Computer Program for Preliminary Design of
Wastewater Treatment Systems," Robert Smith and Richard G.
Eilers, August 1968, Water Pollution Control Research Series
Publication WP-20-14, NTIS-PB 222765.

"Estimating Costs and Manpower Requirements for Conventional
Wastewater Treatment Facilities," Black and Veatch Engineers,
October 1971, Water Pollution Control Research Series
Publication 17090DAN10/71, NTIS-PB 211132,

"Computer Evaluation of Sludge Handling and Disposal Costs,"
Robert Smith and Richard G. Eilers, August 1975, Proceedings
of the 1975 National Conference on Municipal Sludge Manage~
ment and Disposal, pp. 30-59.

274



TECHNICAL REPORT DATA )
(Please read Instructions on the reverse before completing)

1. REPORT NO. 2. 3. RECIPIENT'S ACCESSION NO.
EPA-600/2-78-185b
4. TITLE AND SUBTITLE 5. REPORT DATE

Short Course Proceedings; APPLICATIONS OF COMPUTER PRO- | September 1978 (Issuing Date

GRAMS IN THE PRELIMINARY DESICN OF WASTEWATER TREATMENT [6- PERFORMING ORGANIZATION CODE
FACILITIES; Section II: Users' Guide and Program Listing

7. AUTHOR(S) 8. PERFORMING ORGANIZATION REPORT NO.
Richard G. Eilers, Robert Smith, Stephen P. Graef,
James W. Male, Hisashi Ogawa, and Phong Nguyen

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT NO.

Pritzker Department of Environmental Engineering 1BC611

Illinois Institute of Technology 11. CONTRACT/GRANT NO.

Chicago, Illinois 60616 R-805134-01

12. SPONSORING AGENCY NAME AND ADDRESS 13. TYPE OF REPORT AND PERIOD COVERED
Municipal Environmental Research Laboratory--Cin.,OH Final

Office of Research and Development 14. SPONSORING AGENCY CODE

U.S. Environmental Protection Agency EPA/600/14

Cincinnati, Ohio 45268
15. SUPPLEMENTARY NOTES

EPA Project Officer: Richard G. Eilers (513) 684-7618

16. ABSTRACT

This document contains a portion of the material used for the Short Course on the
Applications of Computer Programs in Preliminary Design of Wastewater Treatment Facil-
ities. The short course lectures appear in Section I of the report which is under
separate cover. Section II, contained herein, contains the users' manual and program
listing for the Executive Program for Preliminary Design of Wastewater Treatment
Systems. The manual describes the use of the program and subroutines. Several
examples show appropriate input and expected output for a variety of applications. 1In
addition, the theoretical basis for the calculations are shown in the form of conven-—
tional mathematical and equivalent fortran equations. The program listing includes
the main program and each of 27 subroutines, representing different treatment processes,
energy consumption, and cost calculations.

17. KEY WORDS AND DOCUMENT ANALYSIS
lo- DESCRIPTORS b.IDENTIFIERS/OPEN ENDED TERMS |c. COSATI Field/Group
Waste treatment *Performance Executive program
*Models *Cost effectiveness Preliminary design 13B
Sewage treatment Mathematical models Computer program
Design Sewage treatment Design engineering
{*Cost estimates Water pollution Sanitary engineering
18, DISTRIBUTION STATEMENT 19. SECURITY CLASS (This Report) 21. NO. OF PAGES
f Unclassified 285
Release to Public 20. secunn‘)( C.LASS (This page) 22. PRICE
{ Unclassified

" EPA Form 2220-1 (Rev. 4-77) 275 ¥ U. 5. GOVERNMENT PRINTING OFFICE: 1978 — 657-060/1481



