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ABSTRACT

HARO3 is a computer program which can be used

to model the steady-state distribution of water
quality variables for multi-dimensional bodies
of water. The technique underlying the program
is based on the conservation of mass and up to
two variables reacting in a feed forward fashion
with first order kinetics may be modeled.

HARO3 has been designed for an IBM 370 computer,
requires approximately 184 K of core to compile
and was written for a Fortran IV G or H Level
compiler.

HARO3 has been designed with the Biochemical
Oxygen Demand (BOD) - Dissolved Oxygen system
in mind.

With minor modification the program may be used
to model other variables which are analogous to
this system such as chlorides, polyphosphate -
orthophosphate, coliform bacteria, etc.

In order to save core for small systems, HARO3
has been compiled in three versions. The first
version handles a system of up to 50 segments
and is designated HAR50; similarly HAR100 and
HAR200 handle a maximum of 100 and 200 segments
correspondingly. The only difference between
these versions is in the size of the arrays
defined in the programs.

ii
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APPENDIX 1 - LISTING.

ek ek Rk ko ko kok ok bk ek ok dek ke ko okkk ok ke kb ko okok ko ke kodok bk fokk:

THIS PRCGGRAM CUNVERTS SYSTEMS PARAMETERS OF HARO3 VERSION 1 (APRIL 197
TO CONFORM WITH INPUT REQUIREMENTS OF HARO3 VERSION 2.0 (SEPT. 1974)
FCR AREA, OISPERSION, FLOW AND- INTERFACE NUMBER

RRRFER kA E ko kkk ok ok ko ok ko kg bk ke ko ke ok kg

DEFTNE FILE S51{400,42,U,KK)

DIMENSION AREA(6),E(6),Q(6),IARAY(6)

KK=1

REACI231)Y{AREA(J)L,E(I),Q(J),TARAY(J), J=1,6)
FORMAT{3(3F6.1,12))

IF(AREA(L1))10,11,10

KSWsXSH + 1

IF(KSW-2)12,59:99

KSW = O

WRITE(S'KK)(AREA{J) ,E(J)},Q{JS),TARAY(J),J=1,6)

- GO TO 2

99

KXK=KK=1

KK=1

DO 15 I=1,KXK

READ(S*KK) (AREA(J}4E{J)+Q{J)s TARAY(J) »J=1,6)
WRITE(293)IAREA(J)+E(J)9Q(J)y IARAY(J)d=1,6)

FORMAT(3(2F6.2,F6.C,13))

CONTINUE
CALL EXIT
END



The formulation of a mathematical model of any system is
greatly determined by two factors: the nature of the system itself
and the purposes and perspective of the investigator. The modeler
must strike a balance between objective reality and the subjectivity
of his needs to attain a successful analysis. This problem is further
compounded. when dealing with the high complexity of the natural world.

One of the more prevalent misconceptions among neophytes in the
field of water quality modeling is that there is one analytical technique
which is superior in depicting the water quality in a natural body of
water. This may be partially due to the fact that the field straddles
several more or less hard sciences and engineering disciplines and as
such can be perceived from a variety of perspectives.

For instance, hydrodynamicists, who are essentially interested in
the movement of fluids, often tend to emphasize the obviously important
effect of water motion on the transport of matter in a system. Ecologists
and aquatic biologists on the other hand stress the equally important
reactions between the community of organisms which populate the system.
The danger in these or in any particular approach comes from the automatic
exclusion or underestimation of viewpoints outside the area of expertise of
the modeler.

One of the older approaches to water quality modeling which rather
effectively incorporates a number of perspectives in representing the
causal relationships of stream pollution is that of the sanitary engineering
profession. Due to their interest in designing waste treatment facilities,
sanitary engineers were rather early introduced to the problems of wastes
and their impact on the environment. A classic study in this profession
was that done by Streeter and Phelpsl on the Ohio River in 1925.

By making a variety of simplifying assumptions in the hydrodynamic
and biological areas, these investigators arrived at a very utilitarian
approach to water quality analysis which still stands as a viable technique
for answering many questions about the relationship between pollution and
the aquatic environment of a stream. In the hydrodynamic area, they
assumed that the waste load was delivered by a pipe into a channel which
could be described as having constant geometrical dimensions and constant
flow. As well it was assumed that the pollutant was instantaneously mixed
in the lateral and vertical directions and that the simple continuity
equation, Q=AV, applied. From the biological standpoint, it was decided
that a chemical parameter upon which most species depend for life, namely,
dissolved oxygen could be modeled as an indicator of the health of the
biota. To do this, they had to use a measure of the oxygen demand of the
waste, the biochemical oxygen demand (BOD), as the input to the system
and formulated relationships between dissolved oxygen and BOD in terms



of first order kinetics.

Streeter-Phelps equation which in its basic form is:

The result is what is now called the

D = Leﬁ—f%—i— (e R ®/u L e—Ka x/uy) L+ D_ e Ky ¥/u ceeenn (1-1)
a
where:
D=dissolved oxygen deficit= DO, -DO
DOS, =saturation concentration of dissolved oxygen
DO  =actual concentration of dissolved oxygen
Lo=initial concentration of BOD at point of introduction of waste
Do=initial conceqtration of dissolved oxygen deficit at point of
introduction of waste
Kr=BOD removal rate
Kd=Deoxygenation rate
Ka=Reaeration rate
U=stream velocity
x=distance downstream from point of introduction of waste
The results of the Streeter-Phelps equation is called the 'D.O.
sag'' and is illustrated in figure I-1.
| ?l ow -—; T Mém'FR EAM
A ?waste input .QBO saturation
_ 1;:\,62; K —_ —_ —— —_— -

1~ Deficit

dissolived oxygen‘

DO concentration

distance

Figure I-1: D.O. sag generated by
Streeter Phelps equation



This environmental model is ideal for the evaluation of various
treatment schemes as its basic control wvariable is the waste input.
This emphasis on relating man's waste inputs to the aquatic environment
with the express purpose of managing the inputs and thus the water
quality is what typifies the sanitary engineering approach. This can
he contrasted with an aguatic bioclogist who might be wmore interssted in
the interraction batween the organisms with a mind to prediction and
description rather than contrel.

Since 1925 various contributions and technical developwents have
advanced the state of the art of water gquality modeling. Particularly,
the advent of the digital computer has expanded studv beyond the limits
experienced by Streeter and Phelps. One of the major influences from the
modeyn sanitary engineering perspective is Robert Thomann, formerly
technical director of the Delaware Estuary Compreheasive Study {DECS)
and now a profegsor at Manhattan College. The program documented here,
HARD3, is basically a representation of an approach developed by
Thomann for the DelawareZ which has proven itself to be particularly
effective as a tool for water guality management.

As with Streeter and Phelps, the body of water is assumed to he at
a steady state in time, a2nd BOD and dissolved orvgen are the water
quality variables (however, the program is general enough so thet cother
variables such as temperature, coliform bacteria, etc. which are
analagous to BOD and dissclved oxygen, could be modeled). Then the
system is broken up into finite volumes which are completely mixed.
By stipulating a priori the flow and dispersion across the interfaces
between volumes, the hydrodypnamics of the svstem are input to the model
and by using mechemetics the concsnirations of the variables in each
volumn can be calculated. Thus the approach allowsg sxtension from streams
to estuaries and lakes.

This report is inm several parts. TFirst, the theoretical background
is developed. This is done in terms of an estuary since it is one of
the more complex bodies of water to which this program can be applied.
However, the concepts expressed can be readily applied to lakes, streams
and other bodies o water. Thea, a description of the computer program
is given followed by a user's guide.

As a final note, HARO3 is meant to be used to either furmish imsight
into a particular phenomena, or as a predictive device for use in water
quality planning. GCare must bz taken at a2ll times to consider all the
assumptions underivying its formulation and bv no meagns could it ever be
construed to applv to any and every aquatic system or problem. With this
in mind it is an excellent tool for the use of those interested in applying
rational approaches to the problems of the deterioration of the environment.
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One dimensional analysis of a single substance...

Thomann's approach_l’2 to steady—-state estuarine water quality
modeling essentially applies a numerical solution technique to a
convective—-diffusion equation for mass transport including decay
and source terms. This equation, in time variable form for a one-
dimensional channel of uniform cross-section, may be written as:

dc dc 32¢
— + U-- = En—z - ke + (sources - sinks) ......(T-1)

ot 9xX 9x

where
x=distance
t=time (on the scale of minutes to hours)
c=concentration of a constituent
E=longitudinal dispersion coefficient
U=tidal velocity .
k=first order decay rate of constituent

A steady state in an estuary is a somewhat difficult concept to
define. The term literally means that the constituent under inves-
tigation and the parameters which describe it do not vary in the
time scale of the problem. As an estuary, in this report, is defined
as a body of water subject to tidal oscillations, it can be argued
that such a system will never reach a steady state but will con-
tinuously be in transition. Several investigators 3,4, have
treated the subject and one approach is to take average values over
a tidal cycle. The following relationship results:

ac T R%T - ,
— + Ue— = Eﬂ_~ - ke + (sources - sinks) ,.......(T-2)

att oxX 90X

where

the bar above a parameter or variable designates
that the value is averaged over a tidal cycle

Ug = net advective velocity. In many cases this can be
interpreted as the velocity caused by fresh water flow
entering the estuary

ty = time (on the scale of the time of a tidal cycle -
several hours)

E = a tidally averaged dispersion coefficient which includes
the dispersive effect caused by tidal motion



A "steady state" for equation T-2 therefore means that. the
variables and parameters in question do not vary from tidal cycle
to tidal cycle. This situation is often approximated in the
summer and early fall when low rainfall minimizes the transients
caused by fresh water runoff to an estuary and metecrological
conditions are relatively constant. These periods are often
critical when investigating such a classical gauge of pollution as
-dissolved oxygen.

With this as background, Thomann suggested that the system be
divided into volumes or segments as in the one dimensional system
depicted in figure T-1.

0 1 2 3 SRR I k-1 k ktl)reee-e “e s e n~-1 n n+1

Figure T-1: Estuary of n segments

Equation T-2 can then be written in the following form for
Section k (from this point on the bar which was used to designate that
a parameter or variable was tidally average will be dropped for convenience):

Vol Bck . L Bck 32ck
O — o - == —
k3tt ka K3 EkAklkaxz KkVolkck+ wk cetaccesnsans (T-3)

where

k= a subscript which denotes that the variable or parameter is
an average for the segment k.

= average net advective flow for the segment.

Uek A

Volk= volume of the segment = Aklk

Qe

A= cross-sectional area of the segment

lg= length of the segment

W= waste input to the segment
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At steady state Ck/ t would equal zero and equation T-3
could be written as:

d%cy day
= B QL == = K VoL Gy F Wy viieeanianns . (T-4
0= EAL 5 Qi K Vol e\ + Wy (T-4)

dx* dx

Each term containing a differential in equation T-4 can be
approximated mathematically, asg:

dzc‘
k
EkAklkzl;;— = Ef(-l,k (Ck_l—ck) + El'{,-k'!'l (Ck+1_ck) veeee..(T=5)

dc
. k _ _ 2
i e, er1 @, k1S P 11 Sk T Q1,1 -1, KO- P2,k

where
E'. = E, . A, /L, L eerrtiiitnaieitatoitaetatitiatetnseenanns
1] 1,1 1,1 1,]
i,j = subscript designating the interface between segments
i and j. ‘
1i 3= The average length of adjacent segments
a2
= )1i + 15)/2
and B: . = weighting coefficiénts used to correct the
1.3 1’; approximations of equation T-6 for adjacent

segments of unequal length.

. (T-6)



Bi,j = 1 - o, . = lj » a s+ a2 e & e o 8 s + e (T’S)

As well, the above weighting coefficients
can be used to insure meaningful results. It
can be shown that for all positive solutions

o>1-E'/Q e et e e s e e e e v . (T-Ba)

It must be stated here that Thomann's
approximation in equation T-5 is strictly
correct for segments of equal length (and in
two and three dimensions for orthogonally shaped
segments). Therefore, care should be exercised
to avoid the placement of segments of highly
different lengths adjacent to each other or the
construction of very irregularly shaped segments.
In the event that this is unavoidable, adjustment
of E may be necessary to reflect the true effect
represented by equation T-5.

As well, it has been shown that a numerical
dispersion effect is implicit in this particular
difference scheme which.can be estimated by

Enumerical =Ul (q—-1/2) . . . . . . . . (T-8b)
This can be ‘particularly significant in streams

where velocities are high and distortion may result.

It is therefore imperative that the modeller be always

aware of the numerical dispersion in this model and

make approvriate correction for it.



Equations T-5 and T-6 can be substituted into (T-4):

t

0= 1,k Cr17% * E'k,k+1 Ceper1™ et
* Qe Okl T Bk-1, k%)

Ue,k+1 Cr 1ok * Pr kbl Siry)

.

- KkVOlka + W

By grouping terms

~~

-1, k%1, K F k-1,K) k-1

1 ] ]
Q) +1%, k41 T W-1,kBk-1,k * E k-1,k + E g kt1 + VolgKp) Sy

t Q1P ,ke1 T F Kkdl) Skl Yk

Letting

A k-1 - Qe-1,6%-1,k T P k-1,k

\ ]
3,k = U, k#1%, k1" -1, kBx~1,k ¥ E k-1,k + E x,kt1 + VolpKy .

Akl Qw1 Bkl B K kel

(T-9)

. (T-10)

- (T-11)

. (T-12)

. (T-13)



The general equation for the kth segment is therefore
ag, k-1 Ck-1 + ag kCk + g k+1Ck+1 = Wk T X KY)

For the furthest upstream section (figure T-1, section 1), which
is a boundary of the system, a similar procedure would yield:

. ' .
ag3 c1 tajpcp =Wt (Qr. 201 + E Q1) cg + = o o o e e e e e s (T-15)
or
|
all C1 + a12c2 =W 1 e 5 e e o e s e & e o e & = P (T 16)
where

0 = a subscript to denote the values of the variables and parameters
beyond the upstream- boundary.

For the furthest downstream segment (in figure T-~1, segment k):

E t
2 1,0%-1 T 2n,n% " Wt 0 nt1fn,ntl B onnt1)Cyg - - - - (T-17)
or
\J
an_l’ncn;1+an’ncn%wn e Y e e e e e e e e e e e e e e . (T-18)
where

n + 1 = a subgcript to denote the values of the variables and parameters
beyond the downstream boundary.



The complete set of equations for the system can be written

as

allcl + a1202

1
azlgl + 322(:2 + an3Cy + 0 + . . . + 0 = W2
+ + =
1) a32c2 + a33c3 a34c4 + + 0 W3
1]
0 0 0 + . . .+ 0+ an,n+lcn+1 + anHc, = Wn
e e e e e e e e e . (T-19)



At this point there are n equations with n unknowns. Solutions
may be obtained either by solving the equations simultaneously or by
writing T-19 in matrix form and inverting it. This latter technique
is employed in HARO3. Equation T-19 in matrix form is

%
11 212 0 . . . 0| i <, 3 wl
a21 a22’ a,q 0 . . 0 ; c2§ WZ
Lo !
0] as, g3 a3.4 0 . . 0 : y : W3 :
;! =

¢

0 ) 0 Fn,n-1 avm’ b g wn‘ i

e e e e e e e e . (T=20)
or
{A) () = (W) « « v v v v v o i e e e e e e e .. (B2
By inverting [A] a solution vector can be obtained:

() = (AT W) - . . o . e e (T2



Besides allowing solution of egquation {(T-21), equation T-22 offers
an additional feature. The elements of the matrix [A]'l, which is called
the siqgle system response matrix, represent the unit response of a pariticular
section ta the addition of a unit load to another section. For instance,
the gle?ent 844 of [A}‘I is the unit concentration respouse of sectian 2 to
a unit input of waste into sectiom 3, This is a particularly useful
feature of Thomann's technique in that once a system response matrix is
generated for a particular set of parameters, the effect of warious
lozd changes reflecting treatment strategies can be directly determined
from this matrix. 1It, therefore, provides a quick technique for judging
the trade-offs of warious treatment alternatives. ;

One dimensional analysis of coupled substances...

Flgure T~2: Schematic for a coupled
system of two reactants

Figure T-2 is a schematic for a coupled system of two constituents,
¢ and b, which react with first order kineties. W, and Wy, are waste
inputs of the conmstizuents and the k's are the reaciion rates which link
them.

In classical sanitary engineering practice the BOD-dissolved oxygen
system corresponds to the schematic with ¢ = BOD and b = dissolved
axygen deficit. The rate ky is referred to as the BOL removal rate,
kg is a rate of reaeration from the atmosphere and k, is a decxygenation
rate. 1In the case where there is no loss of BOD via sedimentation or
another non-oxygen demanding removal, kl would egual kjy.

The equations describing the conservation of mass for ¢ would be
exactly like that developed in the previocus section. The equation for
b in a segment k at steady state would be

=K’ b ~b + ) b -
k—l,k( k-1 k) E k,k—i'l( k+1 bk}

+ 0 ( B

PREAL LRI WS

- b o+ g
T e e e Ek,k+1 b’

-
Y Gllk K_I

T f Vol K o
k2 k k <3

=3 Kk

+ wb T { X))

T-10



where

BOD in section k

“k
by = dissolved oxygen deficit in section k
Ko = reaeration rate in segment k
K = deoxygenation rate in segment k

Wy = waste load or source of dissolved oxygen deficit to
section k

By grouping terms this results in a matrix equation similar to

[B1(b) [Vol K3](c) + (Wb) S G 1Y)
where

[Vol X3] = an nxn diagonal matrix

similar in form to.[A] with the

exception that the diagonal elements
contain the expression Vol Ky, rather than
Vol Ky

[B]

(c) = solution vector to the single system (in this
case BOD).

The solution is therefore
(b) = [B17 Vol K31(e) + [BI7L(W) - . . . . . . . . .. . (T-25)

In this program, three sources of dissolved oxygen deficit will be
considered:

W, = -PMR + BDFH + Y v v v 4 v e e v e e e e e e e e e e e e e e e .. (T-26)



where

the dissolved oxygen deficit due to the photosynthesis
and respiration of algae.

PMR

BD*H = the dissolved oxygen deficit due to bottom deposits.

Y - direct oxygen deficit from waste scurces

One additional feature of the analysis should be noted. By
substituting equation T-22 into equation T-25 the following rela-—
tionship results

®) = (871 (vol By) [a170 W) + (B (W) . . . . .. .. . . (T-26a)

or after expressing the term (Vol K,) as a diagonal matrix and multiplying
the matrixes the following results

by =)t wo+mBIlog) .. ... .. ... (T-26b)
As can be seen [C]"l is a particularly useful entity in that it directly

relates the deficit in the body of water to the waste load of BOD being
discharged. It is called the total system response matrix.

T-12



For boundaries where flow enters the section with a concentration ¢

T

' ) . -
1k0f.lk+E 1k)+lel+Q11811+E 11 . a e e & » e s 3 e s s » (T—33)

a;; = & (Q

L
W, =W, + (E
i

: T O ¢ 119

ii i
For boundaries where flow leaves the. section to an area with a

concentration ¢, :

b
) t
aii = E (Qikaik + E ik) + Vi + Qiiaii + E L B P R {T-35)
) '
W=W, + (E ;; - QiiBii) N TR (T-36)

Similar to the previous analysis for one dimension, equation T-30
together with the appropriate boundary conditions can be incorporated
into a matrix.

— i
411 %12 413 - - S T Tl : Wli
!
221 33 43 an ©2; W2
‘ P o= ]
N
{
|
P
¥
n1 2 : : ' : “nn {“n ¥n
I I U A
or [AYCEY=(W) « v v v e e e e e e e e e e e e e e e e e e (T-3D)

with a solution

(c)=[A]-l(w) Y ¢ 1 )

This may be extended to a coupled system of two reaétants (e.g. BOD-DO
deficit) in a fashion analagous to that done on page

As well, the criterion that

a > 1 - E'/Q Y e 1D

to insure positive results also applies.



Application of the theory via a computer program...

At this point, the solution has been reduced to two equations:
T-22 and T-26b for BOD and DO deficit, respectively.

@ =0t wmy ... L (122)

(b)=[c]‘1(wc)+[B]‘1(wb)................ (T-26b)

For HARO3, equation T-26b will not be used due.tp storage requirements
for the additional matrix, [C].* 1In its place, a form of equation
T-25 will be used

(b) = [B]-1 ((Vol * K3) () + (Wp)) . . - . . . . . . . .. .. (T-40)

Aside from input-~output considerations, the major part of the
algorithm of HARC3 therefore reduces to the setting up of the matrices
{A] and [B] and their respective forcing functions.

Since the only difference between matrix [A] and matrix [B] is that
their diagonals contain different reaction terms, a matrix excluding
reaction terms can be formulated. Called the system matrix, [AB], it
can. be transformed into [A) or [B] by merely adding the appropriate
reaction term to the diagonal.

* note: another version of the program will be available in the
future which uses T-26b and which generates the valuable
total system response matrix, [C]™Ll.



With this as a background, a very simple representation of the
major steps of HARO3 can be presented:

J
i step 1
X Read data which is applicable to the
¢ system as a whole (e.g. hydrodynamic and
physical data) .
R ¥ e e e
; . n e wp . —
f ... ..Construct the system matrix, AB _____ 1
AU S
step 3
} Read data which is -applicable to the
e specific constituent which is being model-
ed {(e.g. rates, loads, boundary ;
BRSSPI o3 < & 5 £~) =) SO |
step &4
.Gonstruction of the forcing fumctions |
Construction of the specific constituent
Calculation.of the concentration of the
constituent by inverting the matrix, AC and
multiplying it by the forcing function
1

Figure T-4: Simple Schematic of HARO3 computer
program



Of the six major parts, step 2 and step 4 require further
discussion:

Step 2 ~ The construction of the system matrix [AB]

When constructing [AB], each section is considered individually
with each of its interfaces treated one at a time. The following
sequence is undertaken for each interface:

1) calculation of E' as in equation T-6a

E.: A,
Er.. o—=2Ei Lo oL (T-4)

i3 (141 )
2

2) a value of alpha is calculated to adjust the advective
approximation for segments of unequal length.

for flow across the 1

interface and into the a4 . = -
inter 2 I, +1. . . . o . o0 o 0. .. (T-42)
section i

(G< o)

for flow across the - lj
iriterface and out B —

B S -
of the section 1 ] (T-43)

(Q> o)

3) the criterion for positive solutious is applied to alpha
(equation T-39) and if it is not met, an adjustment is made.

This is accomplished by the following test:

if o>1-E'/Q do not alter

if o<1-E'/Q recalculate ¢ as
o = 1FE'/2Q 0 0 0 o o e e e e e e e e e e e e e e . (T-44)

which places it well within the criterion.



3) calculation of the elements of the system matrix

The elements are calculated as in equation T-31 (excluding
the reaction term) and T-32.

When each of these three steps is done for each interface, the
procedure is repeated for each segment until all have been incorporated

into the matrix.

Step 4 - The construction of the forcing function

At present, the forcing functions which are calculated are
peculiar to the BOD - DO deficit system. From the theory,equations
T-34 and T-36 give their most basic form:

for Qs o0 W' W, + (B';5 — Q4 B..) ey (T-36)

11 11

for Q<o w,' w; + (E';; — Qii %i) ¢y (T-34)

As can be seen, the forcing function consists of two basic
parts:
1) Boundary condition forcing function

of the form, [E'ii - Q.. (‘lii or Bii)]cb

ii
where
E'ii = the bulk dispersion across the interface
between the section and the boundary.

Qii = the flow across that interface

a;; Or Bii = assumed initially to be 0.5 and then
subsequently tested as in equation
T-39 and if necessary recalculated
according to equation T-44.

Cy = the concentration across the boundary.

Aside from this, this part of the forcing
function does not vary as to the constituent
being modeled.



2) Other forcing functions

of the form, W;

for BOD or chlorides

wi = any load to the section (e.g. waste loads, runoff
. loads, etc.)
for DO deficit ‘

wi = -PMR + BD*H + loads

as explained in equation T-26.



THE COMPUTER PROGRAM

C-1



The computer program from which HARO3 evolved was developed by
Hydroscience, Inc. for the Massachusetts Water Resources Commission—.
It was originally written for an IBM 1130 computer in FORTRAN IV and
utilized a Gauss-Seidel technique to solve the set of simultaneous
equations generated by the Thomann technique. The program was never
adequately documented and as such was not appropriate for general
distribution.

A source deck of the program was made available to the Environmental
Protection Agency by the State of Massachusetts and after modification
two new versions were published by E.P.A.2 entitled HAROL and HARO2.
Compatible with an IBM 370 and an IBM 1130, respectively, these versions
retained the Gauss—Seidel solution technique and had the advantage of
being thoroughly documented.

The major difference between HARO3 and the previous versions is
in its use of a matrix inversion solution technique. As well, parts of
the algorithm have been redesigned to more accurately reflect Thomann's
technique and to improve its clarity and ease of use.

In its present form HARO3 is programmed for an IBM 370/158 computer.
The core requirements for each version have been summarized below:

Version Maximum No. Storage

of segments Requirements
HARS50 50 76K
HAR100 100 148K
HAR200 200 410K

The compile and link time for any of these versions is .46 minutes,
which includes optimization by the Fortran IV H level compiler. Without
optimization, compilation and linkage takes .24 minutes. Each of these
versions are stored as load modules at OSI in Bethesda, Md. (EPA computer
facility).

An estimate of the actual execution time is given in table C-1. Each
time is for what is called an estuarine additive coupled system (described
on page U-3) which analyzes the chlorides, carbonaceous and nitrogenous
BOD and the D.O. deficit of a system. This type of run performs five
matrix inversions which in larger systems takes up the largest amount of
time.

Number of segments execution time (minutes)
8 .02
30 .10
45 .27
64 .60

Cc-2



2

SUBROUTINE DATA
Input General System Parameters which do not depend on the
constituent being modeled

v ,

[ SUBROUTINE REVI {(optional) |
Used to revise the parameters E and/or Q without altering |
L_any other elements of the input |

________ 3=

SUBROUTINE FLOW
Computes a flow balance around each section to inmsure

continuity of flow

SUBROUTINE SETUP
Primarily sets up the System Matrix, [AB]

v

(" READ INDIC & TEXIT

INDIC is used to designate the type
of constitment which will be
described by the subsequent set of
specific constituent cards

IEXIT is used to terminate the run
| if so desired

1
IEXIT P stop

o

SUBROUTINE BCC
Primarily introduces the boundary conditions into the algorithm

-

SUBRQUTINE RATE
Reads in rates, constructs the specific constituent system
matrix [AC] and the forecing function

- %

r_- SUBROUTINE WRITE (optional) {
| Writes matrix [AC] l

e g~

SUBROUTINE MATN
Inverts [AC] and multiplies it by the forcing function

T SUBROUTINE WRITE (cptional)
| Writes matrix [AC]**-1
(I 2

e e

SUBROUTINE STORE
Primarily writes final results and retains output from
this particular iteration which will be used in subsequent
iterations
]

FIGURE C-1: Flow chart of the main program of HAROQ3



DESCRIPTION OF THE MAIN PROGRAM AWD EACH OF THE SUBROUTINES

The Main Program—-HARO3...

HARO3 has been programmed using a modular approach. Wherever
possible, an attempt has been made to give each subroutine a unique
function. The main program was designed to coordinate the subroutines
to effectively analyze the water quality of a system. This coordination
is depicted in figure C-1 which represents a development of the simple
schematic given in figure T-3. In figure C-1 certain details have been
omitted and if the user requires more detail he should consult the code
itself.

Subroutine DATA. ..

The primary purpose of this subroutine is to input parameters
which do not depend on the particular substance being modeled. These
include system parameters (number of sections, indicators, etc.) and
certain physical parameters such as cross—-sectional area, net advective
flow, etc., which are only input once when modeling a water body. These
are in contrast to parameters such as loads and reaction rates which would
vary with the constituent being modeled.

The particular tasks accomplished by DATA are:

1) read and write system parameters

2) initialize certain matrices to zero

3) read and write interface parameters AREA, E and Q and place
them into the storage matrix ARRAY.

4) read and write the characteristic lengths (LA)

5) read the general section parameters depth (H), temperature (T),
and volume (VOL)

6) Apply the following conversion factors:

Q(MGD) = Q (CFS) * .6463 MGD/cfs

VOL(MG) = VOL (100£t3) * 7.48 gal/ft>

C-4



At this point, a further word about the function of ARRAY is
in order. ARRAY is an N X 18 sized matrix which is used to save space
when storing the interface parameters AREA, E and Q. Used in conjunction
with IARAY, ARRAY avoids the use of three N X N matrices when handling
these variables. It does this as follows:.

IARAY(I,J)

ARRAY(I,J)

ARRAY(I,J + 1)

ARRAY(I,J + 2)

contains the section number
of the section which forms
the interface with section I.

contains the area of interface
(I,IARAY(I,J))

contains the E of interface
(I,IARAY(I,J))

contains the Q of interface
(I,IARAY(I,J))

is an integer variable which
is incremented by 3 from 1 to 16

For computational purposes, evéry interface must be accounted
for in terms of the section to which it applies. This would involve
duplicate input - for instance, AREA (I,J) is the same as AREA (J,I).
To simplify input, only one of the values must be input and subroutine
DATA (statements DATA 075 to 091) fills out the remaining positions in

ARRAY.

Subroutine REVI...

This subroutine is used to revise the parameters E and/or Q
without altering any other elements of the input. This can often
be an advantage when doing sensitivity analyses. The indicator ICON
is employed to call the subroutine and designates which parameter is

to be changed.

REVI also prints the revised values in a labelled tabular form.



Subroutine FLOW

FLOW basically computes a balance of the flows into and out
of a section. If there is more or less than a zero balance around
the section, the resultant value is printed as an excess. flow.

-The purpose of this exercise is to both keep track of
flows and to insure that no mistakes were made when inputting the flow
regime. This can be particularly useful when working in two or three
dimensions.

Subroutine SETUP

The primary purpose of this subroutine is to set up the system-
matrix, AB, as was generally outlined on pages T-17 to T-18 . The tasks
performed by SETUP are:

1) calculation of the bulk dispersion coefficient, E’

According to the theory:

C LA,
E', . =Ei,4 51,5
1,] 1. .
1,7
where
Ei 4 = the dispersion coefficient across the interface
Aj 3 = the cross-sectional area of the interface

1j,5 = the average length of the adjoining
sections = (1 + lj)/2

The program calculates E' (EPRIM) as follows:

EPRIM(J)=ARRAY (I,JJ)*ARRAY (I,JJ+1)*417.166/ (L (K,I)+L(I,K))



where

2)

which

3)
4)

5)

L(1I,K)

L(K,I)

ARRAY(T,J7) = A; | (££2)

3

ARRAY (I,JJ+1) = Eg j(miz/day)

I
=

|
=

k

417.1166 - conversion factor which is computed as tfollows:

New Units

s ;
, Dy MO MGD

A value of alpha is calculated to adjust. the advective term
for sections of different length. This value is checked against
the positivity criterion (equation T-39) and if it is not met,
alpha is recalculated (as in equation T-44)
Alpha(J) = 1.0-(EPRIM(J)/(2*ABS(ARRAY(I,JJ+2))))
corresponds to
=1-E'/2Q
The elements of the system matrix [AB] are calculated

The values for EPRIM and ALPHA are printed.

The section parameters: depth, volume and temperature, are
printed.



Subroutine BCC

The primary purpese of this subroutine is to introduce boundary
conditions into the algorithm. BCC marks the point at which the type
of constituent being modeled becemes relevant. At the present time the
program distinguishes between three types of constituents:

specific type

in HARQ3 which is analogous to
Chlorides _any conservative substance
BOD a single constituent reacting with

- first order kinetics
D.0. deficit the second comnstituent of a coupled,

feed-forward system reacting with. first
crder kinetics.

BCC performs the following tasks:
1) Reads the number of boundary conditions

2) If there are nene it wrifes the messaze
ZERD BOUWDARY COWDITION

3) if there are boundary conditions it reads and writes
them with the appropriate labels (CL, BOD or DEF)

L} it calculates the part of the forcing function due
to the boundary condition as described on page

for Q <0
FRCBC(I)=8.34*BC(KLAST)*(EPRIM(J)—ALPHA(Jy*ARRAY(I,JJ+2))
for ¢ > 0

FRCBC(I1)=8. 34*BC(KLAST) * (EPRIM(J)— (1.0-ALPHA (J)*ARRAY (I,J1+2))

c-8



where

FRCBC(I) = forcing function due to the boundary condition
BC = boundary concentration (mg/l)

EPRIM = E' (MGD)

ARRAY (I,JJ+2) = Q (MGD)

8.34 = conversion factor of (MGD*mg/l) to #/day

Subroutine RATE

RATE finishes preparation for calculation by completing the
construction of the specific constituent system matrix [AC] and
the appropriate forcing function. It does this by:

1) Reading the reaction rates (@ I=20°‘C) which are
to be added to the diagonal of [AB] to transform
it to [AC]. 1In the BOD-DO deficit system these rates
are equal to

a) The removal rate, Kr or Kn, for CBOD and NBOD,
respectively

b) the reaeration rate, Ka, for deficit

c) zero for chlorides

‘At - the same time it inputs the "appropriate temperature correction
factors which are used to adjust the rates via the following general
formula

K, = Kyg *@ (T-20)
where some typical values are 3
rate 8
Kr 1.047

Ka 1.024

2) the rates are multiplied by the section volumes and added
to the diagonal of [AB] converting it to [AC]

3) for BOD or chlorides the forcing function is formed by
reading the waste loads (LOAD) and adding them to FRCBC
which was calculated in subroutine BCC



4) for D.O. deficit the forcing function is completed by
first reading the deoxygenation rate (K4q) the benthal
demand (BD) and the net photosynthesis effect (PMR).
Appropriate temperature correction factors are read and
applied to Kd and BD. The loads are read and then the
forcing function is formed (as in equation)

XK1(I)=8.34*VOL (I)* (XKL (I)*KD(I)*FL-PMR(I)
+BD(T) *H(T) }+Y (1)

where

XK1(I) on the left hand side of the equation is the
deficit forcing function

XK1(I) on the right hand side of the equation is the
BOD concentration in the body of water as
calculated during the BOD iteration.

FL is a ratio relating ultimate to 5-day BOD

Y is the same as FRCBC as calculated in
subroutine BCC

then the deficit waste load is added.

XK1 = XK1 + LOAD

Subroutine WRITE

This subroutine writes the basic matrices before and after
inversion if this is required.

Subroutine MATN

This subrbutine‘inverts the matrix JAC] and multiplies it by
the forcing function.



Subroutine STORE...

Subroutine STORE performs a number of miscellaneous tasks:
1) writes the final concentrations for each
constituent being modeled
2) calculates the saturation value of oxygen
CS(I) = (1.-.000009*CL(I))*(14.652-.41022*T(I)
+ .0079910 * T(I) ** 2.-.,000077774 * T(I)**3.)

where T(1) = the temperature of a section
CL(I) the chloride concentration of the section

3) performs what can be called miscellaneous bookkeeping
functions. For instance, it retains values of a
particular constituent.which would be necessary when
calculating another constituent. (e.g. the BOD is
an input to the calculation of DO deficit and therefore
must be retained). It therefore plays an important role
in the coordination of a particular configuration of
reactants.
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93

1003
10

1013
i

1000

COGMPUTER PROGRAM HARO3

HARO3 IS A CGMPUTER PROGRAM WHICH CAN BE USED TO MODEL THE
STEADY-STATE DISTRIBUTION OF WATER QUALITY VARIABLES FOR

MULTI-DIMENSIONAL BODIES OF WATER.

THE TECHNIQUE UNDERLYING

THE PROGRAM IS BASED ON THE PRINCIPLE OF THE CONSERVATION
OF MASS AND UP TO TWO WATER GUALITY VARIABLES REACTING
IN A FEED FORWARD FASHION WITH FIRST ORDER KINETICS MAY BE

MODELED

HARO3 HAS BEEN DESIGNED FOR AN IBM 370/155 COMPUTER,

REQUIRES

APPROXIMATELY 150 K OF CORE AND WAS WRITTEN FOR A FORTRAN [V

G OR H LEVEL COMPILER

THIS VERSION *HAR100° CAN ACCOMCDATE UP TO 100 COMPLETELY MIXED

SEGMENTS

COMMON/BASS/MX, IPRNT,FRCBC(100Q}

FORMAT(I2)
FORMAT(8E1C.4)
FORMAT(312)

MX=5

NX=6

NMK=0

CALL DATA
READ{MX,1)ICON
IFLICON)ST»57,26
CALL REVI

GO TO0 25

CONTINUE

CALL FLOW

CALL SETUP

MMM=1
READ(MX,20)ENDICLIEXITY
IF(IEXIT)848,1000
CALL BCC

CALL RATE : ‘
IF{IPRNT)10,10,1003
CALL WRITE

CALL MATN
IF(IPRNT)11,11,1013
CALL WRITE

CALL STORE

G3 TO 93

STOP

c-12

HAR03003
HARO03004
HARO03005
HARO03006
HARO3007
HAR03008
HAR03009
HARO3010
HARO3011
HARO03012
HARO3013
HARO03014
HARO3015
SEPT 74

SEPT 74

HARQO3018
HARO3019
HAR03020
HARO03021
HARQ3022
HARO3023
HARO3024
HARO03025
HARO03026
HAR03027
HAR03028
HARO3029
HARO3030
HAR03031
HARO3032
HARO3033
HARO3034%
HARO303S
HARD3036
HARO3037
HARO3038
HARO3039
HARO03040
HARO3041
HARQ3042
HARO3043
HARO3044%
HARO3045
HARC3046
HARO03047
HAR03048
HARO3049
HARO3050
HARO3051
HARD3052
HARO3053



END HARO3054

SUBROUTINE DATA DATA
CA sk Sl ok R R S e e S ek Ak bk kR ko doR ke ko ek kokkkkxk DATA

CAsnddgnphdee b hbhp bR fhkbhrhnmphhgfdiifodecfkpdehbkfghgfekfhkrhhhkkt® DATA
; DATA
c SUBRCUTINE DATA DATA
C DATA
c INPUTS DATA WHICH WOULD NOT VARY WITH THE PARTICULAR DATA
c CONSTITUENT BEING MCDELED, [.E. PRIMARILY PHYSICAL AND DATA
T HYDRODYNAMIC DATA DATA
C DATA

ok o o e o o e o ook o ok o e o o K R A % R RO Ot Rl R ROk X R e R R ok e ok ook ok R ok ok ok ok k DATA

C % o % Xk ok oo e X ook o ok ol e ok A e b ok o o kol K R ol e ek R ok R ook ook ok ok ok kk DATA
REAL LA(100,6) SEPT
CIMENSION AREALG)yELH},QL0), TITLE(LD) "DATA

COMMON/ALGAE/NX N, INDIC, [COMN MMM NMK DATA
COMMON/BASS/MX,y IPRNT,. FRCBC(100) DATA
COMMOCN/COHOE/LA,SCALE(H),ARRAY(100,18), [ARAY{100,6)2sNLA(100,6) SEPT
COMMON/PIKE/JCONH{ICO),TL{LI0C),VOL(1C0)sAB{100,100) DATA

31 FORMAT(8F10.0) DATA
100 FORMAT({10A4,313,3X34FT7.0) : SEPT
101 FORMATY (///28X, °*ZERQ SEGMENT NUMBER IN INTERFACE ¢y I3, *-*', I3, DATA
1 CCMPUTATICN DISCONTINUEDR®) DATA
2C0 FORMAT(6(I4,y"' ~231442XF7.Cy2X)) DATA
201 FORMAT(6(13,F10.0)) ' DATA
300 FORMAT({ 'l DATA
1 CHARAC. LENCTHS OF SEGMENTS (FT) *///7°% INTERFACE LENGTH INTERDATA
1FACE LENGTH INTERFACE LENGTH INTERFACE LENGTH INTERFACDATA

2E  LENGTH INTERFACE LENGTH?) ' DATA
1111 FORMAT(3(3F6.0,13)) DATA
2000 FORMAT(*'1'//40X,10A4///7/710X, *%%SYSTEM PARAMETERS*%1',//10X, DATA
1*NUMBER OF SECTIONS = ?314,25X,*IPRNT = ¢,14/10X,"JCON = ',14) SEPT
2002 FORMAT(//10X,**%SCALE FACTORS***//10X, DATA
1°SCALE(1) = *'3,F10.3,4X,'SCALE(2) = ',F10.3,4X, DATA
2'SCALE(3) = "Z,F10.3,4X, *SCALE(4) = '4F10.3) DATA
2200 FORMAT(*1'42Xy " INTERFACE' y5Xe *AREA® yTXy"E"98X9»*Q *92(6Xs* INTERFACESEPT
1' 95Xy YAREAY 39Xy YE'y 7X3'Q' ) /914X,y "ROW-SEG"94X,y " (FT%%2) ', 2X, SEPT

2V (MI*%2/D)* 42Xy *(CFS) 'y . 6X9'ROW-SEG" ¢5X* (FT%%2)1,2X, SEPT

3O (MI%%2/D) " 92Xy *(CFS) "y 5X s 'ROW-SEG* 95X, " (FT%%2)? ,2X,* (M[*%2/D)*, SEPT
4 2Xy'(CFS)* ) SEPT

3000 FORMAT( ! (%9139 %= 04303, ) 22Xy FB8e094XyF6e3,FBa1,2(5X,"(",13, SEPT
1 '~ ,03,')%,2XsFB8.094XsF6.3,F8.1)) SEPT
C***#####*******#****#*******#******************#******#**#*******#***# DATA
¢ - ' #DATA
o REAC AND WRITE THE SYSTEM PARAMETERS AND SCALE FACTORS #DATA
C , *DATA
g#*4####*#*#**#*###*#****#*####*#****#******#**#*********#***#***#***** DATA
READ(MX,100)TITLEJNy IPRNT,JCON, SCALE _ SEPT
WRITE(NX,2000)TITLEsN,IPRNT,JCON SEPT
WRITE{NXs2002)SCALE , ‘ DATA
C**#**#*##*******##******************#**#**************##*##***#****#** DATA
C #DATA
C INITIALIZE MATRICES TO ZERC #DATA
C *DATA

(]
|

13

000
001
002
003
004
005
006
007
008
009
010
011l
74

013
0Ol4
015
74

017
018
74

020
021
022
023
024
025
026

027

029
031
74

036
037
038
T4

T4

14
74
74
T4
74
042
043
044
045
046
14
74
049
050
051
052
053



C % e ok e ot o ol ol o e e ko e ok e e o ok e ke ke ok ok Ak R e ok kol ok ok ok ko ke kok ok ok ko DATA

1021

DO 1001 I=1l,4N.
0O 1021 J=1,18
ARRAY{1,4)=0.0
00 1001 J=1,6
LA(1,+J)=0.0

1001 ITARAY(I,J)=0
Chxkxfokdkkfhhgkdkdh okl ook hofdokkde ok por kg hkkkxk DATA

c
C
C
C

READ AND WRITE INTERFACE PARAMETERS AREA,

THEM INTO ARRAY

E AND Q AND PLACE

DATA
DATA
DATA
DATA
SEPT
DATA

*DATA
*DATA.
*DATA
*DATA

C#***#*##**###**#**#*##****###*#*##*****#**#*##***#*#*#*#****#**#****** DATA

72
74

71

1002

1088
1012

1006

1C05
1004
1C08

1
1

1
1

00 1002 I=1,N

READIMX,1111) (AREA(J) ,E(J),0(J),

DO 1002 J=1,6

IFLAREA(J))IT2,71,572
TF{TARAY(I,J))T4,74,71
WRITE (NXs101J)I,1ARAY(I+J)

CALL EXIT
Jd={J-11%3+1

ARRAY{(I,JJ)=AREA(JI*SCALE(1])
ARRAY (T ,JJ+1)1=E(J)%SCALE(2)
ARRAY (T,J4+2)=Q(J)*SCALE(3)

DO 1008 I=1,N
00 1008 JJ=1,6

IF({TARAY(I,30))1008,1008,1088
IF{TARAY(I,JJ)-1)1012,1008,1012

JJJ=(JJ-11%3+]
DO 1004 J=1,6
JK={J-1)1*3+1
NK=TARAY{I,JJ)
IF{TARAY (NK,
ARRAY { NK o ‘
ARRAY (NK ¢
ARRAY [NK,
TARAY (NK,

GO TO 1008
IF(TARAY (NK,
CONTINUE
CONTINUE

WRITE (NX,2200)
LINE=O

DO 1032 [=1,N
WRITE(NX,3000}

WRITE(NX,3000)

LINE=LINE+2

IARAY(I’J’szlvb)

J))10C5,1006,1005

JK}=ARRAY{I,JJ4Jd)

- JK+1)=ARRAY(I4JJJ+1)

JK#2)==ARRAY([+JJJ+2)

Jir=1

NR R

)1004,1008,1004

Ts TARAY(I,1)sARRAY(141)¢ARRAY(14+2)+ARRAY(L+3),
TolARAY(1,2) sARRAY(1,44) ¢ ARRAY(1495),ARRAY(1,6),

I+ TARAY(I,3)ARRAY{I,7),ARRAY(],8),ARRAY(I,9)
I,IARAY(I,4),ARRAY{],10),ARRAY(I,11)},ARRAY(],12),
I, TARAY(I;5),ARRAY(1,13),ARRAY (1,14} ,ARRAY(I,15),
Is1ARAY{I,6),ARRAY(]1,16),ARRAY{1,17)yARRAY{(],18)

IF(FLOAT(LINE/S4)-FLOAT(LINE)/S54.)1032,1099,1099
1099 WRITE(NX,2200)

LINE=O0

SEPT
DATA
SEPT
SEPT
SEPT
SEPT
SEPT
SEPT
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
SEPT
DATA
DATA
DATA
DATA
DATA
DATA
DATA
SEPT
SEPT
SEPT
SEPT

054
055
058
059
060
T4

061
062
063
064 -
065
066
067
14

069
74

T4

T4

T4

T4
74

072
073
074
075
076
077
078
079
080
081
082
083

084
085
086
087
088
089
090
091
092

T4

093
094
095
096
097
098
099
T4
14

74

T4



1032 CONTINUE DATA
C % % o oot ot o o ol o o o o ol o ol o oo e o o o e o oK oK e ook e ol ook ol R Kok ook Xk ok Rk ok ok DATA

c *DATA
c REAC AND WRITE INTERFACE PARAMETER- CHARACTERISTIC LENGTH *DAT A
C *DATA
C***#****#***********#********************#**************************** DATA
WRITE(NX,300) DATA
LINE=0 | SEPT

DO 500 I=1,N DATA
READ(MX3201) INLA(L,J),LA(IJ)y J=1,6) . SEPT

DO 77 J=1,6 SEPT

77 LA(T,J)=LA(I,J)%SCALE(4) SEPT
WRITE(NXs200) (I4NLA(TsJ)sLA(T5d)9J=1,6) SEPT
LINE=LINE+1 : SEPT
IF(FLOAT(LINE/S4)-FLOAT(LINE)/54.)500,1098,1098 SEPT

1098 WRITE(NX,300) SEPT
LINE=0 SEPT

500 CONTINUE DATA
ChAkophfehekhofedrRofehmp ik fekhkhhkhfkhk ke kg hhhhkh ki DATA
C *DATA
C READ SECTION PARAMETERS- DEPTH, VOLUME AND TEMPERATURE #DATA
C *DATA
C#*#***###*****####*##*#********#****#***********#***#*#*#***********#* DATA
REACIMXy31) (H(I)yI=1,N) DATA
READ(MXy31) (T(1),VOL(I)sI=1yN) DATA
IF(T(2))14,13,14 DATA

13 00 14 I=1,N DATA
T(I)=T(1) DATA

14 CONTINUE DATA
Chkkfefebe ek deddookfofok koo ook ok ke ok ok fkok ke ks k% DATA
C | #*DATA
c APPLY CONVERSION FACTORS DATA
c | *DATA
C**#*#********#****#*********#**************************#************#* DATA
DO 12 I=1,N DATA

DO 23 J=1,6 | DATA
JJI=(J=1)%3+1 ' DATA

23 ARRAY(I,JJ+2)=ARRAY.(1,JJ+2}%,6463 DATA

12 VOL(I)=VOL(I1)%7.48 DATA
RETURN DATA

END DATA
SUBROUTINE REVI REVI

CAedede e koo ook ok ek ke ok gk ke ok ok e e ko ek ke ek ke REY |
Colekkdedkdfokok ek dkk ek dbeoeae ek e oo ol e e e e ook e oo e ik e ok ol e ok e e o ek ok ok e ok e ko k% REV L

C REVI
C SUBROUTINE REVI REVI
.C REVI
c THIS SUBROUTINE CAN BE USED TO CHANGE THE PARAMETERS E AND/OR REVI
C Q WITHOUT ALTERING THE REST CF THE INPUT REVI
c ‘ REVI

C ok et ok ook kol e e ek ook o ok ok ok e Ok ke ek ok ek ko ook ok Rk ok ok R ok ok ok kkhkokkkk ek kkx REVI
Colkdrdedkomddehkfokokdkde ko kool ook ek ekl ok e e i e ek ke ok e e e ok ek ok ek ke ek ke ek ko REV ]

REAL LA(100,6) SEPT
CIMENSION Q(6)+E(6),REVIS(12) REVI

O
|

15

100
101
102
103
104
105
106
14

107
74

74

74

74

74

T4

74
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COMMON/ALGAE/NXsNy INDIC o ICON MMM,y NMK REVI
COMMON/BASS/MX, IPRNT,FRCBC(1CO) _ SEPT
COMMON/COHOE/LA,SCALFE(4) sARRAY(100,18)y IARAY{(100,6),4NLA(100,6) SEPT

2 FORMAT(1H1,40X*REVISED PARAMETER LIST*'//) REVI

S FORMAT(12F5.0) _ REVI

10 FORMAT(//50X,"NEW DISPERSIONS 'y /6XsS(*INTERFACE* 43X, E*,7X) ' INTERREVI
LFACE® 43Xy *E®/ 15Xy51 ' (MREVI
TI%%2/DAY)*,9X) 2 P (MI%*%2/DAY)*//) REVI

13 FORMAT{3Xy6(3XeI4,'-",13,F9,3)) REVI

14 FORMAT(//50X*NEW FLOWS*/7X,6( ¢ INTERFACE®,4X'Q°,6X)/18X,5(*(CFS)*,1REVI
65X)y " (CFS)'//) ' REVI
WRITE (NX,2) REVI

GO T0(8,9),ICON REVI
C*********#**#*v**#*#****##***********************###****#*#***##**#****REVI
C *REV]
C CHANGE E*S *REVI
C *REVI
C**###*****#********##*#*#*#*******#***#***#*******#*********#****#***#*REV]
8 DO 6 I=1,N REVI
IF(I-(1/2)1%2)21,21,20 REVI

20 READ{MX,5)REVIS REVI
IPOS=0 REVI

21 DO 6 J=1,6 REVI
IPOS=1POS+1 REVI
JJI=(J-1)%3+1 REVI

6 ARRAY(1,JJ+1)=REVIS(IPOS)}*SCALE(2) REVI
WRITE (NX,10) REVI

DO 11 I=1, N REVI

DO 12 J=1,6 REVI
JJ=(J-1)%3+1 REVI

12 E(J)=ARRAY(1,JJ+1)/SCALE(2) REVI

11 WRITE (NXs13)(1, IARAY (15J), E(J), J=1, 6) REVI

GO TO 99 _ REVI
'C**#*****#***********#***#**#********#*********#***#******#*********#***REVI
C *REVI
o CHANGE Q'S *REVI
C *REVI
C#1&##**#*#*#******##*#*##**##********#******#*******#****#*****#********REVI
9 DO 4 I=1,N . , REVE
IF(I-(1/2)%2)23423,24 REVI

24 READ(MX,5)REVIS REVI
1P0S=0 REVI

23 DO 4 J=1,6 REVI
IPOS=1P0OS+1 REVI
JI={J-1)%3+1 REVI

4 ARRAY(I,JJ+2)=REVIS{IPOS)*SCALE(3)%0.6463 REVI
WRITE (NXj;1l4) - REVI

DO 15 I=1y N REVI

DO 16 J=1,6 REVI
JI={J-1)%3+1] _ REVI

16 Q(J)=ARRAY{I,JJ+2)/1SCALE(3)%0.6463) REVI

15 WRITE (NX,13)(I, TARAY{I,J)y QUJ)s J=1, 6) REVI

99 RETURN REVI
END REVI

012
74

T4

Ol4
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054

- 055

056
057
058
059
060
061
062

1063

064



SUBROUTINE FLOW
C 2% e o o ot oo ool o o ok o o o o o o ok oo e o ok ok oo o o o e o o e e e e oo ool oo o oo oo ool o o o o o o e

C 3% o e e o e o o e e ok ol o ode e o e o e ok ol ook o o ek ok o o ok ok o ik ok ok o ol bk o ol ok o o ol ol ol o ok o ol ol ok ol ok ol o e ofe o e o ok o e ok

SUBROUTINE FLOW

THIS SUBROUTINE CALCULATES A FLOW BALANCE ARQUND EACH SECTION
TO INSURE THAT THE FLOW REGIME HAS BEEN INPUT CORRECTLY

OO0

C % e o o o o oo o e ool o ol ool ot ok e ok s o o e o o ok o e ok e o e e o o ke o o ko o ol o o ok o ok ofe e ol ook o ol o el ke ok ok ok ok
(C 3% % e 2k e o o e e 3k oo ofe 3 ok 3 o o ok o e e o e ool bk e o o o o e o e ofe ol ot ok ok ok ol ol e o K o ok ok e e o o ok e ok ok ok ok ok ol ok o o ok o ol

REAL LA{1C0,46)
COMMON/ALGAE/NX Ny INDIC, ICONy» MMM, NMK
COMMON/COHOE/LA,SCALE( &), ARRAY(100,18),IARAY(100, 6)7NLA(100:6)
NMN=0
214 FORMAT(®
1* CFS*)
302 FORMAT(*'1")
DO 213 [=1,4N
CG=ARRAY{I,3)+ARRAY(1:+6)+ARRAY(I,9)+ARRAY(I,12)+ARRAY(I,15)
1+ARRAY(I,18)
QGQ=CG/.6463
IF(GC-s001)216,37,37
IF(QQ+.001)37,37,213
IF{NMN)29,29,27
NMN=1
WRITE(NX,302)
WRITE(NX,214)1,QQ
CONTINUE
RETURN
END

SUBROUTINE SETUP
c******************t*****#*4***#***************#*#**#**t**#************

C 2 e o o e ok ol o ofe o o ol o o o e ol ok e e ok ok e o Xc ok ok ok s o o ke o gk e X ok ok e e ool e e o o e o ok o ok X ok ok o e o o ke ot ok ok o ook ok o

SECTION *yI3,* HAS AN EXCESS FLOW OF ',F12.5,

216
37
29

27
213

C

C SUBROUTINE SETUP

C

C THE PRIMARY TASK OF SETUP IS TO CONSTRUCT THE MATRIX, AB
C

C#****#********###*#**#******#**#********#*#*************#*********#***
C**####******#**#**##***##***********#*#*#*****#***#********#********#*

REAL LA(100,6)
COMMON/ALGAE/NX 3Ny INDIC, ICCNy MMM, NMK
COMMON/COHOE /LA, SCALE(4) ,ARRAY{100,18),TARAY(100,6),NLA(100,6)
COMMCON/PIKE/JCON,H{100),T(100),VOL(100),AB(100,100)
COMMON/BREAM/EPRIM(100) ,ALPHA(100)

23 FORMAT(6(I3,"'9139F600,F6.392X))

24 FORMAT(®1%,49X, "VALUES OF ALPHA AND EPRIM®,///,61("
1PHA )/ 46.(8Xs " (MGD)"38X)y//)

42 FORMAT(4X,1793F10.2)

43 FORMAT(*1',3X,°SECTION TEMPERATURE
115X, 9(C) {10%*%6GAL) (FT)*/7/)
WRITE (NX,24)
DO 28 I=1,N

INTRFC EPRIM A

VOLUME DEPTH®/

17

FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
*FLOW
*FLOW
*FLOW
FLOW
FLOW
SEPT
FLOW
SEPT
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW 029
FLOW 030
SETUP00O
SETUPOO1
SETUP002
SETUPQO3
SETUP0O4
SETUP0OS
SETUP0O6
SETUPOOT
SETUP0OS
SETUP0O9
SEPT 74
SETUPO11
SEPT T4
SETUPO13
SETUPO14
SEPT 74
LSETUPOL6
SETUPO17
SETUPO18
SETUPO19
SETUPO20
SETUP021
SETUP022

000"
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74
012
74
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018
019
020
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023
024

026
027
028

025 -



DO 99 J=1,N SETUPO23

99 A8(I1,J)=0.0 SETUPO024
Chkf ik hkgkhkfokkfdekiefgghhkpoiokfkhkkrkh kb rukrhksrhxx SETUPOZ2S
o ‘ , *SETUP026
o CALCULATE EPRIM AND ALPHA FOR EACH INTERFACE ASETUPO27 .
o ' *SETUPO28
CHxAkkpdhh bk phhhhhohrhhhibhxhrrrgrhihkhkkhkkhkhhhikhkkkkhxk SETUPQ29
DO 20 J=1,6 SETUPO30
EPRIM(J)=0.0 SETUPO31
ALPHA(J)=0.0 SETUPO32
JJ=(J=-1)%3+1 SETUPO33
K=IARAY(I,J) SETUPO34
IF(K)20,20,10 SETUPO3S

€ e o o ol e ok o ol e oo e e o e ol ok o e ok ek e ok ot ook o e sk ook ok ok Rk ok ok ok kR ok R Rk kX AR R KXSEPT T4
p 'SEPT 74
o GENERATE (I,K) LENGTH ELEMENT SEPT 74
¢ SEPT- 74
CHtddeddoiede ok drdefeorokk ook kel dee oo e e e e e e e e e ok e e ek e e ek e ke ok e e ek ke kM SEPT. 74
10 DC 77 KK=l,6 SEPT 74
IF(NLA(I KK)=K)T7:8L,77 SEPT 74

81 XLENL=LA(I,KK) SEPT 74

GO TO 82 SEPT 74

: 77 CONTINUE SEPT 74
C % e o e e e ok o e o ok ko e lkobe e e ko e e e ek ok kel ok Ak e ke e e ok ok ok ik ek ok ko ke ok ke ko ke kXX XSEPT 74
o SEPT 74
C GENERATE (K, I) LENGTH ELEMENT SEPT 74
o SEPT 74
Chdekde ke eorkmadror ok koo ook vk Rk ek ke e ek ok e e de e ek e e e Ak Rk e ke e ek ok ok kk kKR XSEPT. 74

82 DO 78 KK=1,6 SEPT 74

 IFINLA(K,KK)-1)78,84,78 , SEPT 74

84 XLEN2=LA(K,KK) SEPT 74

_ GO TO 83 SEPT 74
78 CONTINUE , SEPT 74
83 EPRIM(J)I=ARRAY(IsJJ)*ARRAY(I1,JJ+1)%417.1166/(XLEN2+XLENL) SEPT 74

IF(ARRAY(1,JJ42))300,301,301 SETUPO37
300, ALPHA(J)=XLENL/ (XLENL+XLEN2) SEPT 74
GO TO 200 SETUPO39
301 ALPHA{J)=XLEN2/(XLENY+XLEN2) SEPT 74
200 CONTINUE SETUPO4L
IF(ARRAY(1,JJ22))14,17,14 SETUP042

14 IF(ALPHA(J)=1.0+EPRIM(J)/ABS(ARRAY(1,JJ42)))15,15,17 SETUPO43

15 ALPHA(J)=1.0-(EPRIMIJ)I/(2.%ABSARRAY(14JJ42)))) SETUPO44
C*##*#*#*#******##*##*#*****#*###*#********##*#*****#*#****#*#*####*##* SETUPQ4S
C *SETUPO46
o SETUP THE SYSTEM MATRIX - AB *SETUPO47
C , : *SETUP048
C % o c o o e o o e o e o ok ok o o e e oo e ook ok ok ol ol kol ok kol R ok ok ok ok ok ke ok ko ko ek Rk ok ok ko kkkk %k SETUPQ49

L7 IF(ARRAY(I,JJ+2))18,19,19 SETUPOS50

18 AB(Is1)=AB(I,I)+EPRIM(J)+(1.0-ALPHA(J))*ARRAY(I,JJ+2) SETUPOS1

 IF(I-K)21,20,21 - SETUP0S2

21 AB(I,K)=ALPHALJ)*ARRAY(1,JJ42) - EPRIM(J) SETUPOS3

GO TO 20 ' SETUPOS4

19 AB(I;I)=AB{I,I)+ALPHA(J)*ARRAY(I,JJ+2)+ EPRIM(J) SETUPOSS

. IF(I-K) 22520422 SETUPOS6



22 AB(I4K)={1.~ALPHA(J))*ARRAY(T4JJ+2)-EPRIM(J) SETUPOS7

20 CONTINUE : SETUPOSS
C % % o o o o ok o o ok 3k o ok xe ok e ok ool ok ok Xk ook ke ok ko ok kot kool ks ko ok e ko ek ek ok sk ok ok ok ok ak ko k kR kX kX xR XSETUYPOS9
C *SETUPO60
C WRITE VALUES OF EPRIM AND ALPHA ' £#SETUPO6L
c *SETUP062
Crdedededhd ok koo ofeokade ek e ookl ke e e e ok ek e e e e ok e e e e e e e i e ek e e e ko ek ke e Rk Rk ek XS ETYP QB3
WRITE(NX,23) | SETUPOb4
11, TARAY{I,1),EPRIMIL) ALPHALL) o1 TARAY([,2),EPRIM(2)4ALPHAL2), SETUP06S
21, IARAY(143),EPRIM(3) ALPHA{3) 3 I, IARAY(1,4),EPRIM(4),ALPHA(4), SETUPO66
21, IARAY (1,5) sEPRIM(S) yALPHA(S) ;13 TARAY-(1,6) EPRIM(6) ,ALPHA(6) SETUPO67
LINE=LINE+l . SEPT T4
IF(FLOAT(LINE/54)-FLOAT(LINE)/54.)28,1028,1028 SEPT 74
1028 WRITE(NX,23) SEPT T4
LINE=0 SEPT 74
28 CONTINUE SETUPO68
C % % ok ¥k o sk sk o o 3 o % e o e ok o ok ok ol e ok ofk ok o o o ok o o otk ok e ok s e e oK ok o ol kool ok o akk ok ok ok ok ofk ok ok ool ok e ok ko o ol o ok ok ok SETUPO69
C ~ %SETUPOTO
o WRITE SECTION PARAMETERS | *SETUPOTL
C *SETUPO72
Chkkkhrkhkkbhhhhohhhkhhbk bk ke koo ok ik ki SETUPQOT3
WRITE(NXy43) ‘ SETUPOT74
LINE=0 SEPT 74
DO 399 I=1,4N SEPT 74
WRITE(NX,42) I,TEI)VOL(I},H(I) SEPT 74
LINE=LINE+1 SEPT 74
IF(FLOAT(LINE/S4)~FLOAT(LINE)/54.)399,1029,1029 SEPT 74
1029 WRITE(NX,43) SEPT 74
LINE=0 SEPT 74
399 CONTINUE SEPT 74
DO 32 I=1,N SETUPOT6
32 H{I)=3.281/H(I) SETUPOT7
RETURN ' SETUPOT78
END SETUPOT79
SUBROUT INE BCC BCC 000

C % R o o R R K K R K B R R R R R R R R R R R R R R R R R R R KRRk kxR sk BCC 001
Cofeok e ok e e ok o oo ol et e ok ok R AR R R e R R R Rk Rk Rk R Rk Rk Rk kR gk b kkkxkxk BCC 002

C - BCC 003
c SUBROUTINE BCC BCC 004
C A | BCC 005
C THIS SUBROUTINE INCORPORATES BOUNDARY CONDITIONS ‘INTO THE BCC 006
c SYSTEM BCC 007
c BCC 008

C**********#****#*#******##*****###******************#*#*************** BCC 009
C o koo ol ok okl ok e ok ko ok ek e ook ok ook ek ek ke ksl ek e kool ok ko dok ke ko ek o ko ok kg k%% BCC 010

REAL LA(100,6) SEPT 74
DIMENSION ICOL(100),8C(100) BCC 012
COMMON/ALGAE/NXsNy INDIC o ICONy MMM, NMK BCC 013
COMMON/BASS/MXs IPRNT, FRCBC(100) BCC Ola
COMMON/BREAM/EPRIM{100) 4ALPHA( 100} BCC. Olé6

COMMON/COHOE/LA,SCALE(4),ARRAY(100,18),1ARAY{(100+6),NLA(100,6) SEPT 74
7 FORMATI(I12) BCC 017
44 FORMAT(91°,4CX, *ZERO BOUNDARY CONCENTRATIONS?) BCC 018
209 FORMAT(°1SEGMENT®,5X,*CL BOUNDARY CONDITION{(MG/L) - BCC 019

C-19



1 ‘ J7U14,19X,F10.2)) BCcC

210 FORMATI(*ISEGMENT*,5X,°BOD BDUNDARY CONDITIONIMG/L) 0 ' BCC

1 Jllay19%X,F10.2)1} BCC

211 FORMAT(?1SEGMENT?,5X, 'DEF BOUNDARY CONDITION(MG/L) BCC

1 JU144)19%X,F10.2)) BCC

1150 FORMAT(&6! FB.0.14)} BCC

Chdh bt kAN R E RS AN IR R b R kAR R R Rk ARk e RS R kA Sk ph kR kb ekkExE BCC

C *8CC

C REAC AND WRITE BUOUNDARY CONDITIONS . *B8CC

c *BCC

c*4##**4*************#*******#***##*#*****4#****#4****#********#***#**# BCC

8 READ(IMX, 7INUMBC 8CC

IF¢{NUMBL)Y 31,311,368 acce

31 HRITEINX,44) BCC

D0 103 I=1,50 acc

1COLLL)=0 BCC

103 B8C(!1}=0. BCC

GO 10 213 ‘ BCC

36 READ(MX1150){BC{J), ICOL{J),d=1,NUMBC) B8CC

IF{INDIC)206,207,208 B8CC

206 WRITEINX209)301C0LJY,BC1Y), J=1,NUMBC) BCC

GO TO 213 - ~ BCC

207 WRITEINX,21030(ICOL(J) ,BCL{I), J=1,NUMBC) BCC

_ GO TO 213 BCC

208 WRITE(NX,2LLMLICOL{JY+BCLI), J=1s NUMBC) BCC

C##*#**#**##*#**#**#*******###***##*##*#**#*##*##***##t*****#*###*##t#* BCC

C *=BCC

C CALCULATE THE PART 0OF THE FDORCING FUNCTIDN CUE TO BOUNDARY COND. *BCC

C *8CC

Catkdahrrphryhakrrdohanehrhbtbd bt ikidhabtdbdhkddrtwrdiiontolhkkagkdl BLC

213 KLAST=] BCC

DO 60 1I=1l+N BCC

FRCBCIT)=0.0 BCC

IF(ICOLIKLAST)I-11604525,60 8CC

25 DO 30 J=1,6 8cC

JI=(J=-1)%3+1 BCC
K=IARAY(I,J) SEPT
IF{K-I) 30,35,30 SEPT

30 CONTINUE BCC
C####*##**#***#*##*#***#**#####*#*####*#**#**###*##*##*#*#**t#****#**#**SEPT
C SEPT
C GENERATE 1I,K) LENGTH ELEMENT SEPT
c SEPT
CA kA r kR R R e R A AR R AR R G R R R R ARG R T AR E R F ARG TR R SRR E K SEPT
35 DO 77T KK=1,:6 SEPT
EFINLALIGKK)Y=K)YTT7,81,77 SEPT
BT XLENL=LA{IsKK} SEPT
GO TO 82 SEPT
77 CONTINUE - SEPY
C#####**t#*#*###*******#*****####*##*#*##******##**####*###*******##*#*#SEPT
C SEPT
C GENERATE (K, 1) LENGTHK ELEMENT SEPT
C SEPT

Cotdodtup kbt rsddRnrtgdhhbrdhedrthnthfrphnfdhphbshrthekkrherhrkfixsexkSEPT

C-20
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82 DO 78 KK=1,6 _
IFINLALKKK)~1)78,B4,73

84 XLEN2=LA(KsKK}
GG TO 83

78 CONTINUE

83 ALPHALJ)=0.5
EPRINEJI=ARRAY ([, JJI*ARRAYL L2 JE+1) 24171166/ (XLENZ + XLEN1)
IFt~0.5+EPRIMIJII/ABSLARRAY{ [, Jd+21) 140, 45¢45

40 ALPHALJI=1.0-EPRIM(JI/[2.0%ABSIARRAY(I,J4+2}))

45 TF(ARRAY(I,;JJ+2)1150,55:55

50 FRCBC{I)1=B,34#%BCIKLASTI®{EPRIMIII=ALPHAL J)2ARRAYIT, 40420}
KLAST=KLAST+1
55 TO &C

55 FRCBCIII=B.36%BCIKLASTIS(EPRIMIII~{1o0-ALPHALI) ) *ARRAYI [, 0042) )
KLAST=RLAST+1

50 LONTIHJE

10GC RETURM
END
SUSROUT INE RATE
Cotok xR ok e R E SR P e e R AR AR RN RS E R R Rk doe &l i dr doods &l e o ok e o ool ok e ok

L R e I Rt e s e e L 2 e T2
c .
SUBROUTINE RATE

C
C
C THE PRIMARY PURPQOSES 0OF THIS SUBROUTINE ARE TO CONSTRULT THE
C SPECIFIC CONSTITUENT SYSTEM MATRIX: AC AND TQ COMPLETE THE
C APPRUOPRIATE FORCING FUNCTICNS

C
Clokskkddonr do ook oo ook oo e oot Ak AR ot e et ot e e ol o e oot e o o B e e o o oK o o ol o e o e A o o

PR LSRR LR Lt R 2R Rl P LRt IR A P RS SRS SRS LT S 2
REAL KA({LOQ}.KD{100},KSTUR{LOT) LOAD
DIMENSION Y{100),800100),PMRILOD)
COMMDON/ ALGAEZNX 4Ny INDIC » ICON s MMM NMK
COMMON/ BASS/MX, TPRNT 5 FRCBLC( 120}
COMMON/P IRE/JCON,HL1001, TL1001 ,¥2LLLAGT - ABL1A0, 100
COMMON/ TROUT /H{ 10GT ; XK1(1061:8(130,1),ACHL00,100]
I FORMAT{16F5.01

12 FORMAT{F10.0,13)

16 FORMAT{®* 80D LGAD =¢:F10.0,* POUNDS/DAY FOR SECTION ¢,13)

17 FORMAT(* CEF LOAD =¢,F10.0,% POUNDS/DAY FOR SECTION *,13)

18 FORMAT(*1?}

34 FORMATIYL SECTION  CHLORIDE BOUNDARY. LDAD {MGDRMG/LI®///)

35 FORMATIZ2X;15412X,FL4.2) , _

36 FORMAT{'L  THE TEMPERATURE CORRECTION FACTOR FOR THE BOD REMOVAL
IRATE = *,F7.3,///.° SECTION BOD REM RATE 800 WASTE LOAD  BOD
LBOUNDARY LUAD'/12X, **TEMP CORRZ®,5X, " (MGOEMG/L} ", TX, ¢ (MGDEMG/L) * )

37 FORMATI2X,I5:F12.3,7XsF12.3,5X,F12.3)

SEPY
SEPT
SEPT
SEPT
SEPT
SEPT
SEPT
BLC
BCC
acc
BCC
8lC
=an
BLL
BLC
BLC
BLC
BCC
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE

RATE

RATE
RATE
RATE
RATE

"RATE

RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE
RATE

38 FORMAT(*1 THE TEMPERATURE CDRRELTION FACTOR FOR THE REAERATION RARATE

LTE = " F7a3,4/° THE 800 CORRECTIANM FACTOR (FL3} = '",FT.3,7" THE

RAYE

1TEMPERATURE CORRECTION FACTOR FOR THE BENTHAL DEMAND = %,F7.3,/' RATE
1 THE TEMP CORR FACTOR FOR KD = "2 FF.3,///" SECTION DEQX RATE RATE
1 REAER RATE BOUND CEOND LOAD TOTAL LDAD P¥MR BD*/,12RATE
IR Z0CRTEMP CORRE  *}3o2(% (MGDEMGILI T 4X),"MG/L/D *TEMP CORR*¢) RATE
A9 FORMAT 2K 1645k FB a3 T XaF8.F3 20X eF 123 ¢3X4F12.332KeFF.343XF3.3} RATE

L~21

T4
74
T4
T4
14
74
T4
061
062 -

" 0&3

064
065
ass
067
068
069
G70
071
CO0
001
002
003
Q04
Q0%
006
007
cos
0c9
Qlo
o1l
012
013
014
015
olé
oL?
o148
019
020
621
022
023
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025
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027
028
029
030
031
032
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034
035



CCekk koo ook ok ol e ok Ao ook b ok ok kool ok ol ok ok ke ok lokok ke ke kot ok ko kR kXA RRATE

C *RATE
o REAC IN DECAY RATE FOR BOD SYSTEM, REAERATION RATE FOR DO DEFICIT*RATE
C SYSTEM RATE
o IF THE K®S ARE THE SAME FOR EVERY SECTION THEN JUST INPUT K(1) *RATE
(o REAC AND APPLY TEMPERATURE CORRECTION FACTORS *RATE
C *RATE
€ ¢ o o e ol o ol otk e ot o %k ofe o i ol ok ok o e ok ok ol o ok ok o ol ofk ol ok ol ok e o e okl e e ol ek o Ak ko ksl ok ok ke ek ek kol ko Ak k kR Xk R KRATE
" IF({MMM-5)8,386,386 RATE

8 READ{MXs1)FACLy (KA({I)yI=1,15) RATE
IF(KA(2))202,3,202 RATE

3 DO 64 I1=24N RATE

64 KA(I)=KA(1l) RATE

GO 1O 334 RATE

202 LMM=N-15 RATE
IF{LMM) 334,334,203 RATE

203 READ(MX,1) {(KA{1),1=164N) RATE
334 [F{MMM~3)2,388,2 RATE
388 DO 389 [=1,N RATE
389 KSTOR(I)=KA(I) RATE
FAC4=FAC1 RATE

GO TO 2 RATE

386 DO 387 I=1,N RATE
387 KA(I)=KSTOR(I) RATE
FAC1=FAC4 RATE

2 DO 6 I=1,N RATE
KA(I)=KA({I)*FAC1 ¥%({T([)-20.) RATE
C***#**###****#**##*****#****#*******##****#***#*******************#*** RATE
C *RATE
C CALCULATE THE SPECIFIC CONSTITUENT SYSTEM MATRIX, AC *RATE
C o *RATE
C##*#**#*####**##*#######******##*********************#*#************#* RATE
DO 801 J=1,N RATE

801 AC(1,J)=AB(I,J) ' RATE

6 AC{I,I)=AB(I,1)+KA(I)%VOL(T) ' RATE
IF(INDIC)10,10,54 RATE
C#****#**#***###**##**##v***$#####$#*#*#*#**##*#*#***#*#****##****#####*RATE
C. *RATE
o CALCULATE THE BOD OR CHLORIDE FORCING FUNCTION *RATE
C #*RATE
C#**#**#*#*#***#*##*****#*#*#**#******###**#*****###*##*##********##****RATE
10 DO 9 I=1,N RATE
W(I)=FRCBC(I) . RATE

9 FRCBC({I)=FRCBC(I)/8.34 RATE

_ LLL=0 RATE
1100 READ{MX,12)L0OAD;1SEC RATE
IF(ISEC)13,22,13 RATE

13 IF(LLL)28,28,14 RATE

28 WRITE{(NX,18) RATE

14 WOISEC)=W(ISEC)+LOAD RATE
LLL=LLL+1 B RATE
WRITE(NX,16)LOAD,ISEC RATE

GO TO 1100 RATE

% o e o ol 2 o o o v ok ok ok o o o e ok ook Aok Ak o ek ok e ko ok ko ko Rk ok ok Rk ok ke ok ok ok ok ko kR X RRATE

C-22

036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
088
089



*RATE

C
c READ IN DEOXYGENATION RATE *RATE
C IF THE KD'S ARE THE SAME FOR EVERY SECTION THEN JUST INPUT KD(1) *RATE
c *RATE
C READ IN PHOTOSYNTHESIS MINUS RESPIRATION(PMR), MG./L./DAY *RATE
c READ IN BOTTOM DEMAND(BD), GM./SQ. M./DAY *RATE
c VALUES MUST BE READ IN FOR EACH SECTION *RATE
c REAC AND APPLY TEMPERATURE CORRECTION FACTORS #RATE
c *RATE
C oo ool ok o sk e e o ok ol e e e e e ol ke ol ke ol e e sk e oo ol ol e e el e fe ko ke e ok ko ko ok ok Ak e ok ek kR XK ERATE
54 REAC(MX,1)FAC2oFLy(KD(J)gJ=1y14) RATE
DO 15 I=1,N RATE
Y(1)=FRCBC(I) RATE
15 FRCBC(I)=FRCBC(I)/8.34 RATE
IF(KD{2))48,48,199 RATE
48 DO 47 J=2,N RATE
47 KD{J)=KD(1) RATE
GO TO 19 RATE
199 LII=N-14 RATE
1F(LI1)19,19,310 RATE
310 READ(MX,1)(KD(I),I=15,N) RATE
19 IF(MMM=5)55,58,58 RATE
55 READ(MX, L) (PMR{I),1=1,N) RATE
"READ(MX,1)FAC3, (BD( L), 1=1,N) RATE
DO 56 I=1,N RATE
56 BD(1)=BD(I)®*FAC3 *%{T(1)-20.) RATE
GO TO 57 RATE
58 DO 53 I=1,N RATE
PMR(1)=0. RATE
53 BD(1)=0. RATE
57 DO 33 I=1,N RATE
KD(I)=KD(I)*FAC2 #%*(T([)-20.) RATE
G e o o oo Ao ol o o o o o o o o ok o e e e o e okt e e e ek ok o ok sk Aok R ROk Rk ko RATE
C *RATE
c READ AND WRITE LOADS *RATE
c CALCULATE THE DEFICIT FORCING FUNCTICN *RATE
c *RATE
C % %k o o 2 3k e s o o o o e ok e o o o ot e e o e o ok ook ok e ok kol ok o o o e e e e e ok ke e ol e e e e ke e e e o e ol ofe e ool ke e e e o ok e ok ok RATE
XK1(I)=8.34%VOL(T)%(XKL{I)*KD(I1)%FL —=PMR{I)+BO(I)*H(I))+Y(]) RATE
33 CONTINUE RATE
LLL=0 RATE
101 READ(MX,12)LOAC, ISEC RATE
IF(ISEC)21,22,21 RATE
21 [F(LLL)326,3264325 RATE
326 WRITE(NX,18) | RATE
325 XKL(ISEC)=XK1{ISEC)+LOAD RATE
LLL=LLL+] RATE
WRITE(NX,17)LOAD, ISEC RATE
G0 TO 101 RATE
22 IF(INDIC)29,30,31 RATE
29 DO 303 I=1,N RATE
303 W(I)=W(1)/8.34 RATE
WRITE(NX,34) RATE
WRITE(NXy35) (IoW(I)ol=1gN) RATE

23

090
091
092
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

132

133
134
135
136
137
138
139
140
141
142
143



GO. T0 40

30 DO 304 I=1,N

304 W(I)=W(I)/B.34
WRITE(NX,36)FAC1
DO 853 I=1,N

853 W(I)=W{I)-FRCBC(I)
WRITE (NX»37) (1sKA(L)oW{T)2FRCBC(T) s1=1,N)
DO 854 I=1,N

854 W(I)=FRCBC(I)+W(I)
GO TO 40

31 DO 305 I=1,N

305 XKL(I)=XK1(I)/8.34
WRITE(NX,38)FACL,FL,FAC3,FAC2
WRITE(NX339) (I3KD(I) KAL) yFRCBCII) oXKLE(I)9PMRIT) 4B0(I),I=1,N)

40 IFINDIC)843,843,288

288 DO 842 I=1,N

842 W(I)=XK1(I)

843 DO 841 I=1,N

841 B(I,1)=W(I)
RETURN
END

SUBROUTINE WRITE
C oo s o o o stk o o o e e e e ok e Rk e e kol o el R kR ok R R Rk R A ROk Rk R R R R ok ok ok Rk ok K

C**#*##**#**##*###t***#*###**#*#*###***##********###*#####*####*#*#****
C , , '

C _ SUBROUTINE WRITE

c _

C THIS SUBROUTINE CUTPUTS MATRIX AC AND MATRIX AC*%-]

C

(€ e e ot o oo oo oo o e ool o o ol o B o Aol o o ot ol R e B e et ot e e oot ok o ok ook okl ko
€ e e o ofe ok oo o oo e o o ot oo ool o o o ok ok ook R kR el R R R e ke R R R AR R R Rk Rk
COMMON/ALGAE/NXyNy INDIC» ICONs MMM NMK
COMMON/TROUT/W(100)XK1{100),B8({100,1),AC(100,100)
800 FORMAT(*1',50X,*INITIAL SYSTEM MATRIX®)
803 FORMATI(///48Xy *INVERTED SYSTEM MATRIX?)
1000 FORMAT( /74X,9113/) _
1005 FORMAT(¢1%,51X,*INITIAL BOO MATRIX?®)
1007 FORMAT(°®1°%,48X,*INITIAL DO DEFICIT MATRIX?)
1012 FORMAT(///50X,? INVERTED BOD MATRIX*)
1015 FORMATU(///74T7Xys " INVERTED DO DEFICIT MATRIX?®)
2000 FORMATI(I3,1X,9E13.5/{4%X,9E13.5))
JMAX=N
MM=1
IF(NMK)1003,1003,1010
1003 IF(INDIC)1018,1C04,1006
1018 WRITE(NX,800)
GO 70 1008
1004 WRITE{(NX,1005)
GO TO 1008
1006 WRITE(NX,1007)
1008 WRITEINX,1000) (Jed=1,JMAX)
DO 1001 I=1,JMAX
1001 WRITE(NX,2000)I,(AC(1,J),J=19sJMAX)
NMK=NMK+1

RATE 144
RATE 145
RATE 146
RATE 147
RATE 148
RATE 149
RATE 150
RATE 151
RATE 152
RATE 153
RATE 154
RATE 155
RATE 156
RATE 157
RATE 158

RATE 159

RATE 160
RATE 161
RATE 162
RATE 163
RATE 164
WRITEOQOOO
WRITEOOL
WRITEDOZ2
WRITEOO3
WRITEQO4

WRITEOOS

WRITEOOG6
WRITEOO7
WRITEOOS8
WRITEOO9
WRITEO1O
WRITEOL1
WRITEO12
WRITEO13
WRITEO14
WRITEOLS
WRITEOLl6
WRITEOL7
WRITEO1l8
WRITEO19
WRITEOG20
WRITEO21
WRITEOZ22
WRITEO23
WRITEO24
WRITEOZ25
WRITEO26
WRITEOQ27
WRITEO28
WRITEOZ29
WRITEO30
WRITEO31
WRITEO32



1010
1019

1011

1014
‘1016

1002

C % o 3 o e o ok e o o 2 ok o o o e ke e o o ok e e e o ok e ok otk e e ode e e e ol e o ok Xk ok ok o o ot e e okt e R R ol e e otk o ol o e o o o e e o o ik
C % v oo o o ok ool g o ok o ok e o ol o ofe ok o ol o ok ke ok ek o ode ok o o X sk ade o e ok o o ok ok ok ok o ofe ok ok ok s ok Sk o e X o e o e o e o e o o e Rk e ke

OOOOOO0O

C % %k o o o ek e e ok ook o ok e o e o ole o o ko ok e ok ok e A K K

300

20

aNaEel

60
80
85

100
105

o000

RETURN
IF(INDIC)1019,1011,1014
WRITE(NX,803)

GO TO 1016 _
WRITE(NX,1012)

GO TO 1016

WRITE(NX,1015)
WRITEINX;1000) (JyJd=1,JIMAX)
DO 1002 I=1,JMAX
WRITE(NX,2000)I41AC(IsJ)sJd=1sJIMAX)
NMK=0

RETURN

END

SUBROUT INE MATN

SUBROUTINE MATN

THIS SUBROUTINE INVERTS THE MATRIX AC AND MULTIPLIES

IT BY THE FORCING FUNCTION

DIMENSION IPIVO(100), INDEX{100,2),PIVOT(100)
COMMON/ALGAE/NX 3Ny INDIC o ICON MMMy NMK
COMMON/TROUT/W(100) ¢ XKL(100)4B(100,1),AC{100,100)
D0 900 I=1,N

B(I,1)=8(1,1)/10C0C00s

00 900 J=1,N

AC(I,J)=AC{1,J)/10CCOC0.

MM=1 :

DO 20 J=1,N

IPIVO (J4)=0

DO 550 I=1,N

SEARCH FOR PIVOT ELEMENT

AMAX=0.0

DO 105 J=14N .

IF {IPIVO (J)}-1) 60, 105, 60

DO 100 M=1,4N

IF (IPIVO (M)-1) 80, 100, 740
IF (ABS(AMAX)-ABS({AC(J,M)))85y 100, 100
IROW=J

ICOLU =M

AMAX=AC(J,M)

CONTINUE

CONTINUE

IPIVO (ICOLU )=IPIVO (ICOLU )+1

INfERCHANGE ROWS TO PUT PIVOT ELEMENT CN DIAGONAL

IF (IROW-ICOLU ) 150, 260, 150

c-25

s e o o o o ok 3 o o e o o o ke ok ok ok o o o e el ok otk e o o o oo e o oo o o
(G o e o o e o e oo o o o o ok o o o ot ook g oK Ko oo R oK oK bk o g o ook o ko Rl kol ok ok o ok

WRITEO33
WRITEO34
WRITEO35
WRITEO36
WRITEO37
WRITEO38
WRITEO39
WRITEO40O
WRITEO41
WRITEQ42
WRITEO43
WRI1TEOQ44
WRITEO45
MATN 000
MATN 001
MATN 002
MATN 003
MATN 004
MATN 005
MATN 006
MATN 007
MATN 008
MATN 009
MATN 010
MATN 011
MATN 012
MATN 013
MATN 014
MATN 015
MATN 016
MATN 017
MATN 018
SEPT 74

MATN 021
SEPT 74

MATN 023
MATN 024
MATN 025
SEPT T4
SEPT 74

SEPT 74

MATN 029
SEPT 74

MATN 031
MATN 032
SEPT 74

SEPT 74

MATN 035
MATN 036
SEPT 74

MATN 038
MATN 039
MATN 040
SEPT 74



OO M

(SR NS

OOO

~ 150

200

210

250
260

350

360
370

380

400

450

460
500
550

DI 200 L=1.4

SWAP=AC( IROW,L}
RCLIRDOW,LI=ACEICOLU, L]
ACTICDLUL)=SHAP
IE(MM)I260, 260, 210

DD 250 L=1, MM

SWAP=R[ IROM, L)
BILIRDWeLI=BIICOLY L1
BLICOLU ,L)=SWAP
INDEX{1,1)=IR0ONW
INDEX{1,2)=1C0LUV
PIVOT(I)=AC{ICDLU,1COLU}

DIVIDE PIVOT ROW BY PIVOT ELEMENT

ACHLICOLU,ICOLYU)=1.0
DO 350 L=1,N

AC{ICOLU,L)=AC( ICOLU.L)/PIVOT(T)
TFLMM)380, 380, 360

0O 370 L=1,MM

BLICOLU ,L)=B{ICOLU »L)/PIVOTII)

RECUCE NON-PIVOT ROWS

B3 550 Li=1,N

IFtLI-IC0LY ) 40D, 550, 400
S5=ACILL. ICOLY)

ACIL1,I1COLYUI=0L0

DG 450 L=1,N_
ACILLsLI=ACILLsL)-AC{ICOLU,L I35
IFIMMIS550, 550, #b0

b0 500 L=1,.MM '
BIL1sL)=BILELI~BIILCDLYU LL}%S
CONTINUE

INTERCHANGE COLUMNS

D00 710 I=1,N

630

L=N+1-1

[F (INDEXIL,R)-INDEXIL:2)) 630, TiQ»

JROW=INDEX(Lo 1)
JCOLY =INDEX{L+2)

- DG 705 M=1,N

7085
Ti0
740

aci

SWaAP=AC I M, JROW)

ACIM; JROWI=ACIM,; JCOLLY
AC{My JLCOLUY=SHAP

CGNT INUE

CONYINUE

CONTINUE

DO 901 I=1,N

DO 901 J=1.N
AC{IoJ}=ACII2)/10C00C0.,
RETURN

END

MATN
SEPT

SEPT.

MATN
SEPT
MATHN
SEPT
SEPT

MATN

MATN
SEPT
SEPT
MATN
MATN
MATN
SEPY
SEPT
MATN
SEPY
HMATN
MATN
MATN
MATHN
MATM
MATN
SEPT
MATN
SEPT
SEPT
MATN

SEPT

MATRHN

MATHN

MATN
MATN
MATHN
MATN
SEPT
SEPT
SEPT
MATN
SEPT
SEPTY
SEPT
SEPT
SEPT
MATN
MATN
MATH
MATN

COMATN

MATN
MATN
MATN

043
Ta
74
O&b
T4
048
T4
74
051
052
T4
74
056
057
058
T4
14
061
T4
663
064
065
066
067
068
74
070
T4
74
073
74
075
076
071
078
079
080.
T4
74
74
084
74
74
76
74
T4
090
091
092
094
G35 -
096
097
098



SUBROUTINE STORE

Cxevddddhrbeotttdodstiophprthdkittiorfadstibskcdksskrbkehkikhekrhrsexs STOREQOL
Cotdok gk doh xRk ook ek R kg ko R R xRk Rk gk ek ik %% STOREQQ?2
C STOREQQG3
C SUBROUTINE STORE STOREOQOO4
C ) . STOREQOS
CHed bRt pde bt bddddhhdkk b ddehhdehikkgkhhkghkphbedxekkhadhekebntesss STOREQGOS
C ottt dod s e o oo R ok o e o o ok o Rk Rk R Rk R R Rk g ok kR Rk Rk Rk kR dok kR gk X STOREQOT
DIMENSION CL1100).,LS{100),R{100) STOREOODS
COMMON/ALGAE/NX N INDIC TCONy MMM, NMK STOREQQ9
COMMON/PIKE/JCONGH{100),T(100),vOLI100}:AB({100,100)} STOREOQ10
COMMON/TROUT/WI{L00) ,XK1(100):8{100,1),AC1100,100) STOREOL1l
42 FORMATI(91 SECTION DEFICITIMG/L) %) STOREOQ12
44 FORMAT(®]1 SECTION BODIMG/L ) ¢®) STOREQ13
45 FORMAT(*]1 SECTION CHLORIDESIMG/L) '} STOREO14
48 FORMAT(3X,14,3X3Fl4.3) STOREOQ1S
807 FORMAT(10X,I3,5(4X,F9.2)) STOREOQ1b6
808 FORMATI']1 SECTION CHLORIDES TEMPERATURE DEFICIT STOREO17
1SATURATION DO, /7)) STOREQLS8
817 FORMAT(®*1°*,* RESULTS FOR COMBINED [(CARBONACEQUSTORECDOLS
4S5 AND NITROGENOUS ) RUN'//) _ STOREQZ20
828 FORMAT(?® SECTION CHLORIDES TEMPERATURE DEFICIT STOREQ21
I1SATURATIDON CO® /419X,y ({MG/L) (C) {MG/L) SEPY 74
1 {MG/L} {MG/7L ) ’ SEPT 74
DO 805 [=1,4N STOREO23
805 XK1{I)=B(I,1) STOREQZ4
CAksorfohdiber d ke Rtk ok ek kA dok ok g ke Rk hk e kR xfk gk enhexess STOREQ2S
C STOREODZ26
C WRITES FINAL CONCENTRATIONS STOREQZ27
C ' . STORE028
(C 3 o o o e ol o 2 s ok e ok ok o e ok o ok o o 3 ok o sk ol o sl ol ol ok e o ot sk ofe o o sk i ol o o sfe ok e e ok e ok e ok ol o e Xk e el e e e ik e kol e i ok STOREDZ29
11 IF(INDIC)B50,840,41 STOREO30
850 WRITE(NX,45) STOREOD31
GO TO 643 STORED32
840 WRITEINXs4%4) STOREO33
GO TO 643 STOREOD34
4] WRITE(NX,42) STOREO35
643 WRITEINX 48 {IeXKL{I)eI=1sN) STOREO36
9999 GO T0{(1800,1801,1802,1801,1803) ,MMM STORED37
1300 GO T0(1199:,1199,813,813),JCON STOREO38
C 2% o 3 ol s ofe o 3 e e e X o e ae e o el e A ofe e 3 ofe vl e o o e e e o ol of e e e e ol ofe e e e e ol e e ol e e ok i ik ok ek ek ko ksk STOREQD39
C STOREQ4Q
C CALCULATES THE SATURATION VALUE OF DO STOREOD4A41
C STOREQ&Z
Cridp kb dookakk bRk r ok s adekk bk ke ok dkk kb bk hhnka sk kb xgrktkx STOREQSLS -
813 DO 815 I=1,N | STOREO44
CLII)=XK1(]) ' . STOREQ4S
815 CS{I1=(1.~.000009*CL{I))*(14.652~.41022%T(1)+.0079910% STOREOD&S
1ITIT ) *%2 ., -, 0CCOTTTT4%TLT)%%3, ) STOREOQ&T
MMM=MMM+ ] STOREO48
RETURN STOREQ49
1199 00 1139 I=1¢N STOREQS0
CL{{)=0. _ STOREODS1
1139 CS(IV={1.~.000009*CL{]})%(14.652=-.41022%T(1)+.0079910% STOREODSZ2

c-27

STOREQOO



1801

1802

806

93
1804
829

1803

881

MMM=MMM +2
RETURN
MMM=MMM+1
RETURN

WRITE(NX,808)

DO 806 I=1,N

WII)=CS(])-XK1(])
WRITE(NXsBO7)I4CLUL) o TLE) o XKL{I)pCSUI)pWIE)

CONTINUE

GO TO(93,1804,93,1804),JCON

RETURN

D0 829 I=1,N
REII=XKL1(])

MMM=MMM+1
RETURN -

WRITE(NX,817)

WRITE(NX,828)

DO 881 I=14N

XKLII)=XK1(I)+R(1)

W{I)=CS({I)-XK1{T)
WRITE(NXoB8OT)IoCLIL) o T{I)eXKLI(T)CS(EI)oW(I)

CONTINUE
RETURN
END

1T([)%%2,-,000077774%T(1)%%*3,)

28

STOREOS3
STOREOS4
STOREOS5S
STORE056
STOREOS7
STOREOSS
STOREOS9
STOREO60
STOREO61
STORE062
STORE063
STOREO64
STOREQ6S
STORE066
STOREQ67
STORE068
STORE069
STOREQTO
STOREOT1
STOREQ72
STOREO73
STOREOT74
STOREOTS
STOREO76
STOREOT7
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The manner in which the data deck for HARO3 is structured
is shown in figure U-1. As can be seen, the cards can be divided into
two basic groups:

1) General System Cards (GS cards) which are the same for
any constituent or substance being modeled and need only
be input once. They primarily contain the physical and
hydrodynamic parameters of the system.

2} Specific Constituent Cards (SC cards) which as the name
implies, are specific to the particular constituent being
modeled. These include boundary concentrations and
biological or chemical parameters such as rates and loads.

After reading the single set of GS cards, a variable number of
sets- of SC cards are read depending on the particular combination of
reactions of the constituents being modeled. Two indicators are used
to designate which combination is to be modeled:

1) INDIC: As can be seen from figure U~1, this indicator
is read in prior to each set of SC cards. It can
presently take on three values, -1, 0 and 1 to
designate chlorides, BOD and DO deficit respectively

2) JCOWN: This indicator is read on the first GS card:
the Title Caxd. It designates a particular
combination or configuration of reactions and
is utilized by subroutine STORE to direct the
flow of the program.

Since HARO3 has been designed with the BOD-DO deficit system in
mind, it is capable of handling reaction configurations which are to
some extent peculiar to that system. However, it should be noted that
there are many substances which are analagous to BOD and dissolved oxygen
and can therefore be modeled using HAR(O3. With this in mind, the following
are the particular combinations of reactants which can be presently
modeled using the program:

1) Conservative .substances: (Chlorides; total dissolved
.s0lids; some pesticides and herbicides; etc) any sub-
stance which does not decay or can be approximated by
zero decay.

2) Single reactive substance: (BOD; coliform bacteria,
amnmonia; etc) any substance which decays according
te first order kinetics

3) Coupled reactive substances: (BOD-DO deficit;

- polyphesphate ~ orthophosphate; ammonia-nitrate). A
feed forward system of two substances reacting with
first order kinetics.

U-2



4) Additive coupled substances: (CBOD, NBOD-DO deficit)
this is psculiar to the BOD-DO deficit system where
the BOD can be broken down into carbonaceous {(CBOD)
and nitrogencus (NOD) components. Both componerts
deplete dissolved oxygen but at different rates so
each is computed cseparately and their deficits added
to determine thz totsal deficit.

5) Estuarine coupled reactive substances (Chlorides,
BOD~deficit) HARO3 has the additional option for
those estuaries where chlorides have been modeled.
A chloride run can procede the BOD-~deficit so that the
resulting chloride concentrations can be used to
determine the saturation value of dissolved oxygen.

6) Estuarine additive coupled system (Chlorides, NBOD,
CBOD~deficit). The same as 5 but for the additive

system.

Figure U-2 summarizes the various deck setups for each of the
above combinations with the appropriate values of INDIC and JCON.

" A description of input and output is then followed by an example
problem including sample input and ocutput to further clarify the procedure.

Finally, some restrictions on the use of the program are
given.

U=-3



IMTEREACE
PARSMETER

TEMPERATURE
VOLRE
CARDS

NEW

NEW

FLOW
CARDS

DISPERSTON
CARDS

EWD UF FILE
{/*}
CARD

HUMBER. OF
BOUNDARY
CND. CARD

B.C,
LONCERTRAT.
CARDS

RATE CARDS
#1 :

PHOTOSTNTH,

. =D
(chlorides RATE
BOD) -CARDS

CARDS

Figure U-l: Structure of data deck for HAROZ
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Combinations of reactants
Chlorides BOD BOD CBOD Chlorides Chlorides
(Conservative (Single DEFICIT NBOD BOD CBOD
substances) reactive (coupled DEFICIT JEFICIT NBOD
subs tance) reactive (addi tive (estuarine DEFICIT
subs tances) coupled coupled) (estuarine
subs tances) addi tive)
JCON 1 1 1 2 3 4
7
CARD SETUP JCL JCL JCL JCL JCL JCL
:*' *" ‘5 !b '& JLA
GS CARDS GS CARDS GS CARDS GS CARDS GS CARDS GS CARDS
v v
INDIC-1EXIT INDIC-1EXIT INDIC-IEXIT
CARD CARD CARD
(INDIC=-1) (INDIC=-1) (INDIC==1)
v 22
SC CARDS SC CARD & SC CARDS
(Chlorides) (Chlorides) (Chlorides)
- v
INDIC-TEXI T INDIC~1EXIT INDIC-TEXI 1 INDIC-I1EXIT K'INDIC-IEXIT
. CARD - QARD CARD CARD CARD
(INDIC=0) .(INDIC=0) (INDIC=0) {IND!C=0) (INDIC=0)
- v 2 v 2
SC CARDS SC CARD ¢ SC CARDS SC CARD € SC CARD ¢
(BOD) (80D) (CRODN) (BOD) (cBoDn)
,__w __ ¥ v - -
INDIC-I1EXIT INDIC-IEXIT INDIC-TEXIT - INDIC-I1EXIT INDIC-TEXIT
CARD CARD CARD CARD CARD
(INDIC=1) (INDIC=1) (INDIC=1) ~ (INDIC=1) (INDIC=1)
s ¥ + ¥ o
(Aisc CARDS .SC CARD ¢ SC CARD ¢ SC CARDS SC CARDS
(deflcit) (deficit) (deficit) (deficit) (deficit)
INBIC-1EXIT ( INDIC-IEXIT
CARD CARD
(INDIC=0) (INDIC=0)
% N
SC CARD ¢ SC CARDS
(NBOD) (NBOD)
INDIC-TEXIT INDIC-I1EXIT
CARD CARD
(INDIC=1) (INDIC=1)
£ CARDS SC CARD ¢
(deficit) (deflcit)
w W v /__l__
INDIC-1EXIT INDIC-IEXIT INDIC-1EXIT INDIC-I1EXIT INDIC-T1EXIT INDIC-1EXIT
CARD CARD CARD CARD CARD CARD
(1EXIT=1) (IEXIT=1) (1EXIT=1) (1EXIT=1) (IEXIT=1) (IEX1T=1)
S e
/* /* /* /= /* /*

‘Figure U-2 : Deck setups for varlous combinations

of reactants using program HARO3.
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[TITLE CARD]

to be converted by the scale factor is expressed.

‘GENERAL SYSTEM CARDS

Columns Variable Lescription tnits Format
(1-40) TITLE To be used to label the
run . A4Q
(41-43) N The number of sections in
, the model 13
(44-46) IPRNT An indicator, 13
IPRNT=1 for printout of
matrices
IPRNT=0 to suppress the
printout of
matrices
(47-49) JCON An indicator used to desig- 13
nate the type of system being
modeled
JCON=1 BOD
Deficit
JCON=2 CBOD
NBOD
Deficit
JCON=3 Chlorides
BOD
Deficit
JCON=4 " Chlorides
CBOD
NBOD
Deficit '
(53-59) SCALE (1) Area scale factor ft2/ou* F7
(60-66) SCALE(2) Dispersion scale factor miz/day/ou F7
(67-73) SCALE(3) Flow scale factor cfs/ou F7
(74-80) SCALE (4) Length scale factor ft/ou F7
*note: ou stands for the "original units" in which the parameter

The purpose

of the scale factors is to allow the user to input parameters
in units which are different from those specified on the
For instance, according to this program

following pages.

length should be input as feet.

However, it may be more

convenient to enter it in miles and set SCALE(4) to 5280.
The program would then internally convert the length from

miles to feet



[INTERFACE PARAMETER CARDS (2 per section; total number = 2%N)]

Columns Variable Description Units Format
(1-6) AREA Cross sectional area of

interface with section ft2 Fé6
(7-12) E Dispersion coefficient of -

first interface with section miz/day F6
(13-18) Q Flow * across the first

interface with section cfs F6
(19-21) IARAY Section forming the first

interface with section 13
(22-27) AREA Cross sectional area of

second interface ' £t2 F6
(28-33) E Dispersion coefficient of

second interface mil/day F6
(34-39) Q Flow across the second

interface cfs F6
(40-42) IARAY Section forming the second

interface I3
(43-48) AREA Cross sectional area of third

interface . f£e2 Fé6
(49-54) E Dispersion coefficient of

third interface miZ/day F6
(55-60) Q Flow across the third inter-

face cfs Fé
(61-63) TARAY Section forming the third

interface I3

(note: The second interface parameter card is identical to
above, but for the fourth, fifth and sixth interfaces.
If the section in question has an interface which
forms a boundary across which mass is transported
(that is, a boundary condition) interface parameters
must be input for it. To do this, input the appropriate
AREA, E and Q for the interface and input the section's
number as the TARAY.

It is only necessary to input the parameters for a
particular interface once. In other words after
"inputting the parameters of the interface of section 1
with section 2, it is not necessary to input the
parameters of the interface of section 2 with section 1.)

* flow out of a section is positive; flow into a section-is
negative.

ci
1
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[CHARACTERISTIC LENGTHS](l card per section; 1 length for each interface;
therfore up to 6 lengths per card)

Columns

1-3
4-13
14-16
17-26
27-29
30-39
40-42
43-52
53-55
56-65
66-68

69-78

* note: the following figure. illustrates the interpretation of
characteristic lengths as used in this program.

Variable

Descrintion

JI
LA(I,JI)
JJ
LA(L,3J)
JK
LA(T,JK)
JL
LA(L,JL)
IM
LACI,JM)
JN

LA(I,JN)

First section which forms an
interface with section T
Length of section I with respect
to section JI%®

Second section which forms an
interface with section I.
Length of section I with
respect to section JJ

Third section which forms

an interface with section I
Length of section I with
respect to section JK

Fourth section which forms
an interface with section I
Length of section 1 with
respect to section JL

Fifth section which forms

an interface with section I
Length of section I with
respect to section JM

Sixth section which forms

an interface with section 1
Length of section I with
respect to section JN

figure U-1: Depiction of characteristic lengths

' § meﬂﬁ
, “@
]
Jr
JdJ
Ji

U-8

Units

feet

feet

feet

feet

feet

feet

Format

I3

F10

13

F10

13

F10

I3

Fl0

I3

F10

I3

F10



where
(D - LA(I,JK) and LA(IL,JI)

@ - La(1,33), LA(I,JM) LA(T,JL) and LA(I,JN)

As can be seen, any other than orthogonally shaped segments
would present a problem as to the measurement of LA. It is therefore
reiterated that oddly shaped segmentation schemes should be avoided
except when absolutely necessary to depict the natural geometry of
the system.

[DEPTH CARDS]

Columns Variable Description Units Format
1-10 H(L) Depth of lst section ft F10
11-20 H(2) Depth of 2nd section ft F10
- H{(N) Depth of Nth section ft F10

[TEMPERATURE—VOLUME CARDS]

1-10 T(1) Water temperature of lst section 'C F10
11-20 VOL(1) Volume of lst section 106£t3 F10
21-30 T(2) Temperature of 2nd section °C F10
31-40 VOL(2) Volume of 2nd section 106£t3 F10
- T(N) Temperature of Nth section °C F10
~ VOL(N) Volume of Nth section 106£¢3 F10



[ICON CARD]
Columns

(1-2)

Variable

1CON

Description Units Format
An indicator. 1If desired 12

at this point changes in
the E's or Q's which were
read in previously, may be
made using -ICON

If ICON=0: No changes are
called for and the program:
would continue by reading
the INDIC card as described
on page U~11

IF ICON=1: Would allow a
new set of dispersion co-
efficients to be read as on
"New E ¢ards" (see below)

If ICON=2: Would allow a

new set of flows to be read

as described on page U-it (new
Q Cards')

[NEW E CARDS (OPTIONAL-MUST BE PRECEDED BY ICON CARD=1)]

Columns Variable

(1-5) Revised E's

(6-10)

(11-15)
(16-20)
(21-25)
(26-30)
(31-35)
(36-40)
(41-45)
(46-50)
(51-55)
(56-60)

Description ' Units

Format

For 1lst Interface with first section Miz/day

" 2nd i " 1" " "
" 3.4 1" 1" 1" " 1"
" 4ith 1" " "o nu "
" 5th 1 1" 1" 1"
" 6th " " " 1"
" 1lst " " second
" 9nd " " 1" " 1"
" 3pd " 1 " 1" "
" 4th 1" " " "
" 5th 1" 1 " »
" 6th 1" " " "

IN SIMILAR FASHION, REVISIONS ARE INPUTTED FOR THE THIRD TO Nth SECTIONS

note: These cards must be followed by another "ICON CARD" (as explained

obove). :
and the new values can be read as on page U -il.
are necessary, ICON must equal O and the program will proceed to read

If revisions are to be made in flow, ICON must equal 2,
If no more revisions

the "INDIC CARD" as explained on page ¥

U-10
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[NEW Q CARDS (OPTIONAL-MUST BE PRECEDED BY ICON CARD=2)] *

Columns

(1-5)
(6-10)
(11-15)
(16-20)
(21-25)
(26-30)
(31-35)
(36-40)
(41-45)
(46-50)
(51-55)
(56-60)

IN SIMILAR FASHION, REVISIONS ARE INPUTTED FOR THE THIRD TO Nth SECTIONS

{INDIC CARD]
Columns

(1-2)

(3-4)

‘Revised Q's

INDIC

Variable Description

1" " 9nd " 1" "
" " 344 1] " "
" " 4th ] " "
" " 5th " 1] "
" " eth. " " "

" " 1st " " Second

" " 2nd " " 11}
1" 1A 3rd 1 " 1"
1" " Z}th 1" " "
" " Sth " " 1"
1" LA 6th " " "

These cards must be followed by another
"ICON CARD" (as explained on page V- ).

If revisions are to be made in dispersionm,

ICON must equal 1 and the new values can
be read as described on page U-iC., If no
more revisions are necessary, ICON must
equal 0 and the program will proceed to
read the "INDIC CARD" as explained helow,

Variable Description

BOD or D.0O. deficit

INDIC =-1 for Chloride
INDIC 0 for BOD
INDIC

or terminate the run

If IEXIT>0 The run will Terminate
IEXIT<0 The run will Continue

1l for D.0. deficit

For lst Interface with First Section

An indicator used to denote whether
subsequent DATA will be for Chloride, .

IEXIT An indicator which can either continue

Units

cfs
"

Units

Format

Format

12

I2

% on both the "Wdew E Cards'" and the "New Q Cards" the scale factors input on the

title card

(page U~-6) apply.

U-11



SPECI¥FIC CONSTITUENT CARDS

[NUMBER OF BOUNDARY CONDITIONS]

‘Columns Variable Description Units Format
(1-2) NUMBC Number of boundary interfaces across
which mass is transported 12

[BOUNDARY CONDITIONS]

(1-8) BC(1) Concentration of water quality mg/1 F8
- parameter at first boundary
(9-12) ICOL(1) Section-adjoining first boundary 14
BC(2) Concentration of water quality
parameter at second boundary mg/1 F8
ICOL(2) Section adjoining second boundary 14
(61-68) . BC(6) Concentration of water quality mg/1 F8
‘parameter at 6th boundary
(69-72) ICOL.(6) Section adjoining 6th boundary 14

Proceed with cards until a total of NUMBC boundary conditions have been read

[RATE CARD #1 ]

(1-5) FAC1 Temperature correction factor for first 1/day F5.
reaction rate

(6-10) K(1)* First reaction rate for first section **% 1/day F5
‘for Chlorides =0.0
for CBOD ) =CBOD removal .rate(Kr)
for NBOD =NBOD removal rate(Kn)
for D.0. deficit =Reaeration rate

K(2) First reaction rate for second section 1/day F5
(76-80) K(15) First reaction rate for Nth section 1/day F5

Proceed until N reaction rates have been input

* note: If all the rates are the same, only one value need be input as XK(1)
and the remaining values input as zero. The program has an internal
test to see if K(2) is zero. If this is so, the program automatically
sets all values of K equal to K(1). Only one card should be input
when exercising this option and besides the value of K(1) the tempera-
ture correction factor should still be input.

*% note: rates at 20° C

*%%* gee page U-13



 [RATE CARD #2} (Optiomal-for D.0. deficit only)

Columns Variable Description Units Format
(1-5) FACZ Temperature correction factor for F5
second reaction rate (deoxygenation
rate)
(5-10) FL Ratio of ultimate to 5~day BOD F5
(11-15) XD{1)* Denxygenation rate for section 1*% 1/day F5
(16-20) XD(2) Deoxygenation rate for section 2 1/day F5
(76-80) KD(14) Deoxygenation rate for section 14 1/day F5

(proceed until H rates have been input)

[PHOTOSYNTHESIS RATE] (Optional for D.0. deficit only)***

(1-5) MR{1) Wet photosynthesis rate for section 1 mg/l/day FS
(6~10) PMR{2) Net photosynthesis rate for section 2 mg/l/day F5
(76-80) PMR (16) Het photosynthesis rate for section 1¢mg/l/day  FS

(proceed until N rates have been input)

[BENTHAL DEOXYGENATION RATE] (Optiocnal for D.O. deficit only)#®*#

(1-5) TAC3 Temperature correction factor for

benthal derand ]
(6-10) RD{1) Benthal demand for section 1*% gme?/day F5
(11-15) BD(2) Benthal demand for section 2 gm/MZ/day F5
{76-80) BD(15) Benthal demand for sectionl5 gm/M2/day F5

(proceed until W rates have been input)

* As described on the previous page, if all rates are equal only KD(1) need be
input and all other KD's can be left blank.

%% rates at T=20° C

#*%% pote: In an additive coupled run which calculates the deficit due to CBoD, the
deficit due to NBOD and then adds them it is unnecessary to input the-
reaeration rates, the photosynthesis rate and the benthal demand with the
HBROD part of the run. All such cards should be omitted rather than inputting
them a second time. This is illustrated in the example problem which follows.

U~-13



Columns Variable Description Units Format
(1-10) LOAD LOAD to a section #/day F10
(11-13) ISEC Section to which LOAD is applied I3

(note - Individual LOAD CARDS are needed for each LOAD input.
The last LOAD should be followed by a blank card which
indicates that the previous card was the last LOAD to be
input. If there are no loads merely input a blank card).

U-14



EXAMPLE PROBLIM

The following example problem is primarily intended to
illustrate the input and output of HARO3. It should be noted
that several simplifications have been made which would never
be used in an actual modeling study and as such this example
should not be used as a strict guide to applications of the
program.

0 1 2

B e smins vt st ol r Pt o tstome te, mon e §

Scale (miles)

y advective
. flow

e s

figure U-3: Overview of a fictitious tidal bay

The tidal bay depicted in figure U-3 has a dam situated at
its head end and opens onto a large estuary at its mouth. As shown
in figure U-4, the bay can be generally divided into a deep section
on the north and shallow flats on the south. An investigation of
the bays hydrodynamics has indicated that the fresh water flow entering
the system over the dam makes its way to the sea along the northern
coast and that relatively small amounts of water are transferred
between the flats and the deeper section.

U-15



figure U-4: Depth readings (feet) for the tidal bay

At present, a large municipality discharges raw sewage
directly to the southwest corner of the bay resulting in critical
depression of dissolved oxygen levels as shown in figure U-5. One
question which might be addressed using HARO3 would be whether dis-
charging the waste into the deeper area to the north would signi-
ficantly improve the water quality?

Utilizing the available data, the segmentation scheme shown
in figure U-6 was developed. -Data for the segments is given in
tables U~1 and U-2.

The results of the analysis is shown in figure U-7. As can
be seen, discharge into the northern part of the bay significantly
improves water quality by taking advantage of the additional
dilution, transport and mixing which exist there.

A printout of the input cards is given in figure U~-8 for

the run in which the load is discharged in the northern part of
the bay. The corresponding output is alsc attached.
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Segmentation scheme for the bay
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g1-n

Area (ftz)
Dispersion (milez/day)
Flow (cfs)
Boundary condition {(mg/1l)
Chlorides
CBOD
NBOD
DO deficit

Temperature (°c)

Depth (feet)

Volume (10 feet3)

CBOD removal rate (1/day)
NBOD removal rate (1/day)
reaeration rate (1/day)

CBOD deoxygenation rate (1l/day)
NBOD deoxygenation rate (1/day)

CBOD load (#/day)

NBOD load (#/day)
Benthal load (gm/Mz/day)
Algal load (mg/1l/day)
Waste load flow (cfs)

1-1 1-2
39600.
0.5

150. 150.

2.

2.

1.

Interfaces

2-3 3~4 4-5 4-6 6-7 5-7 5-8 8-8
95040. 100320. 105600. 36960. 21200. 31680. 99000. 1584
.5 1.0 1.0 0.5 0.5 0.5 1.5 1.5
150. 150. 243. 243, 243.
1000
.5
.5
Table U-1: Interface data for run with load
to section 4
Sections
1 2 3 4 5 6 7 8
21.0 22.0 22.0 22.0 22.0 4.0 24.0 22.0
12.0 13.0 15.0 20.0 22.0 4,0 5.0 30.0
33.64 271.8 418.18 557.57 613.32 111.51 139.30 836.35
.3 .3 .3 .3 .3 .3 .3 .3
.3 .3 .3 .3 .3 .2 .3 .3
24 .23 .22 .17 .15 .16 .18 .12
S | .1 .1 1 .1 1 1
.1 . 1 .1 .1 1 A 1
100000.
100000.
.05
.25
g3.
Table U-2: Section data with load to section 4
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Figure U-7a: Results of model run with load to
segment 6,
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Figure U-7b: Results of model run with load to

segment 4.



oz-n

e it & e e o

— . e e s e e e e |
“la0B 1. o 1
L i S S - e e e
i.2 —
1

139.39
418.18
Lo

22.
22.
Se

99, 1

1.5

T¥43. 31,68 .5

Figure U-8: Input

Y .
/105.601,0 243, 536.96 5
fm22:001.0 243, 236296 .2,

deck for exarn
run with loac

o

J130. 4

—rn e

section 4

150, . 139.6_ 0.5 _150s

EXAMPLE RUN

(LCAD TO SECTION &)

2

4




e . e i ..._EXAMPLE RUN f,LDAD TO SECTION 4) e e e i
*SSYSTEM PARAMETERS*®

.. NUMBER OF SECTIONS = _ 8 . . IPRNT = _ O . _ . o e e
JCON = 4 IPNCH = 0
$3SCALE FACTORS®®

_ .. .._.SCALE(1) =  1000.000 ___SCALE(2) = 1.000  ~ SCALE(3) =  1.000 SCALE(4) = 5280.000 . - .
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CHARAC. LENGTHS OF SEGMENTS (FT)

INMTERFACE ~LENGTH

o;...A 5280. 1- 2

INTERFACE ~ LENGTH
5280, _

‘INTERFACE
l_

LENGTH INTERFACE LENGTH

e . 1- c. 1- 0 0.

""INTERFACE  LENGTH

"INTERFACE LENGTH e
. 1-0 O

5280.
5280.

b-
7=

5280.
5280.

6-
1=

0.
0w

6_
Y

0.
0.

[
. T=

Oe

S0

&-
e

0.
L0

2- 1 5280. 2- 3 5280, 2- C. 2- R T . 2- 0o e, T o
3- 52804 3- 4 5280, 3- 0. 3- 0. 3- 0. 3-_0 0
4= 5280, 4= 5 5280. 4= 5260. 4= 0. 4= 0. P c.
5- 5280, __ .. 95%- 8  5280. __ .5~ ...5280. ____S5-_ o O 5= 0 . Oe. ... .5 O
7
6 _
8
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SECTION & HAS AN EXCESS FLOW QF 92.99998 CFS




VALUES OF ALPHA_AND EPRIHM

T INTREC EPRIM ALPHA ~ INTRFC EPRIM ALPHA ' INTRFC EPRIM ALPHA ~ [NTRFC EPRIM ALPHA  INTRFC EPRIM ALPHA  INTRFC EPRIM aLPHA 7
~ IMGD) L {MGD ) o (MG} B (MGDY . (MGDI . {MGD)

1-
-
3-
=
35—
-

0, 1.000 1~ 2 782, 0.500 1- ¢ 0.
1877. 0,500  _ 2~ 1 782, 0,500 _2- 0O 0.
3963. 0.500 3< 2 1877, 0.500 3- 0 0.
4171. 0,500 _ &= & _1730. 0.500 _ &- 3 3963,
5866, 0.500 s- 77 626. 0.500 5- 4 4171,

419+ 0,500 6~ 4 730, 0.500 6= 0 0

i- 0 0
.2=0_ 0.
3- 0.
4 Oa
5- Q.
6= 0.

1=
. 2=
3
b4~
5
6=

D.
. 0e
C.
0.

1-
. 2=
3_
LA
5-
(-3l

2. 0.0
L0e 0.0 L
0. 0.0
. 0¢ 0.0
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0._0.0
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'
)
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SECTION TEMPERATURE _ VOLUME DEPTH
) (10%%6GAL) (FT)
e . 21.00 . 625.63 [ 12.00 __ o o _ o e : .
2 22.00 ° 2033.06 13.00
3 22.00  3127.99 15.00 .
4 22.00 4170.62 20.00
5% 22.00 _ 45B7.63__ _  22.00 ___ . ._ 3 . N o .
6 24.00 834.09 4.00
a T . 26.00 | 1042.64 5.00 A
8 22.00 6255.89 30.00
\




SEGMENT CL BOUNDARY CONDITION(MG/L)Y - 4
1 0.0 . .
.. 8 1000000 s e
s e s e . — ma b b e aban b4 4 s by b i a5 o e T @ N —— - SR - — - - - — ——— e ——— r——. e - it . i 318 e tre v ¢ varewTeee - e a e wmtm—a - P SUS . -




SECTION CHLORIDE BOUNDARY LOAD {MGD®MG/L)

- 1 . 0.0 - — - . - i e e e e - e et e+ ot et @ e e e e oren 2o e ot i
2 0.0
3 0.0
4 0.0

- | et i s e oo 0.0 e e e s e e —_ PR, — - - - - - P - - - -
6 0.0

IS SR 0.0 . - " - - . - - -
8 9306581,00




SECTION CHLORIDES (MG/L )

1 755.943 -
2 855.837 S - _ e et e e et e S e e e e e e
3 901.211

& 923.532 ) ) ; e
5 957.424
6 932.199
7 947,311

e B ......883,405 — e e S O OO P e




SEGHMENT BOD BOUNDARY CONDITION(MG/L)
1 2.00
e B e 20650 - e - et o e e e et e et o+ e e e e =
[ . s . et e ~ et e it e e e s 22 s




800 LOAD = 100000. POUNDS/DAY FOR SECTION
PR e ma o rete i s o s v et manas - U W . e m - - .t erae mh s e e — - - _— —_— —- — — - —— -




THE _TEMPERATURE CORRECTION FACTOR FOR THE BOD_REMOVAL RATE = 1,047
SECTION ~ BOD REM RATE BOD WASTE LOAD ~ 'BOD BOUNDARY LOAD

el . ®TEMP CORR®_____(MGD*MG/L) . _(MGD*MG/L) e e e e i .
1 0.366 0.0 193.890
2 0.384 0.0 0.0
3 0.384 0.0 0.0

L4 . 0.384 _...11990.406 0.0 o e e e N
5 0.384 0.0 0.0
6 0.421 . 0.0 0.0 . X ) B
7 0.421 0.0 0.0 :
8 0.384 0.0 4653,289




SECTION BOD(MG/L)

1 0.899

— 2 w . o035 . e - — e e e e e e 2o et et 221+ et e o e e e e e1n e e o
3 1.538

SR AU 2 13- & S e e o e o e e e R e e e e e
5 1.112
6 1.335
7 0.846

.8 - 0.638 _ S e e - e e o e

\
j - .




SEGMENT DEF_BOUNDARY CONDITION(MG/L)
1 : 0.50 .
8. i e e e e e e 0090 - . e ——— e o e et
P
e e (SO [N e s s e - - R e et e rr e i m s m @ fremre tmm s —————— e i cmrne e




THE _TEMPERATURE CORRECTION FACTOR FOR _THE REAERATION RATE = ___1.02¢4
THE 80D CORRECTION FACTOR (FL) =  1.000
_.. THE TEMPERATURE CORRECTION FACTOR FOR THE BENTHAL DEMAND =  1.080. . e e e e et e e e e
THE TEMP CORR FACTOR FOR KD =  1.047
SECTION  DEOX RATE  REAER RATE _ BOUND COND_LOAD  TOTAL_ LOAD PHR 80
ETEMP CORR® *TEMP CORR® (MGD*MG /L) (MGD2MG/L) MG/L/D *TEMP CORR®
S 0.366 . 0.246  ___ 4B.4T2 254,649 0.0 0.0 . R e .
2 0:38¢6 0.241 0.0 807,254 0.0 0.0
300386 0.231 . 0.0 _ ____ 1845.740 0.0 0.0 e -
4 04384 0.178 0.0 3611.526 0.0 0.0
5 0.384 0.157 0.0 1957,236 0.0 0.0
6 0.421 0.176 0.0 514.864 0.0 0,068
T D.%21_ . 0,198 0.0 110,375  __ 0.250 0.0 i . I
8 0.384 0.126 4653.289 6184,867 0.0 0.0




SECTICN DEFICITAMG/L)

ta043 ]
1.858 e . e SO
2.012 . :
1.987
1.469
2.000 . i —
1.492

C0.930
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SECTION _ CHLORIDES TEMPERATURE DEFICIT SATUP, TI1ON 00
1 755.94 21.00 1.64 8.78 7.14
) 2 855.84 _ 22.00 1.86 8.60 6.T4 e N

3 901.21 22.00 2.01 8,60 6.58
4 923.53 22.00 1.99 8.59 6461
5 957,42 22.00 1.47 8.59 7.12

6. 932,20 24,00 _ 2.00 8.26 _ L 6426 -
7 947,31 24,00 1.49 8.26 6477
8 . 983.40 22.00 . 0,93 8459 7.66




SEGMENT 80D BOUNOARY CONDITION(MGZL)
1 2.00
- - SR 1) JE S - e - e e« e e e - -




80D LOAD = 160000. POUNDS/DAY FOR SECTION 4




THE TEMPERATURE CORRECTION FACTOR_FOR_THE 80D REMOVAL RATE = 1,080
SECTION BOD REM RATE 8O0 WASTE LOAD 800 BOUNDARY LOAD

eewn .. _®TEMP CORR® _ __ (MGD*MG/L) _____ {MGD®MG/L} e e e e e e
1 0.108 0.0 193.890
2 0.117 0.0 9.0
3 0.117 0.0 0.0

R P OJLL7 . _ .. 119904406 _____ __ _ 0.0 S
s 0,117 0.0 0.0
6 . . 0.136 . _ 0.0 .. 0.0 N . R . . e
7 0.136 0.0 0.0
8 0,117 0.0 0s0




SECTION B0

O{MG/L)

2.369
2.635

i
2 i . . e e L )
3 3.098

A Be&LS . e e e
5 1.832
6 2.731
T 1.930

B . DB __ ] i - e e e e e e e S




SEGMENT DEF_BOUNDARY CONDITION(MG/L)
1 0.0
R B 00 i e e S - - et ot i




THE_TEMPERATURE CORRECYION FACTOR FOR_THE REAERATION RATE = _ 1.024
THE BOD CORRECTION FACTOR (FL} =  1.000
___ THE TEMPERATURE CORRECTION FACTOR FOR THE SENTHAL DEMANG =  [.080 . _ ) R
THE TEMP CORR FACTDR FOR KD =  1.080 .
SECTION  DEOX RATE__ REAER RATE  BOUND COND LOAD  TQTAL LOAD PMR B8O
*TEMP CORR® *TEMP CORR* (MGD®MG/ L) {MGDEMG/L) MG/L/0 ©TEMP CORR¥
i 1 0.108 _ . 0.246 . 0.0 160.041 L0.0 ... 0.0 _ _._ e e e
2 0.117 0.261 0.0 624.963 D.D G.0
3 0.1l n.231 . B.D 1130.%68 0.0 0.0 . _
4 o.117 0.178 0.0 1758.574 0.0 0.0
5 0.117 0.157 0.0 980,310 0.0 0.0
ry 0.136 0.176 0.0 309.920 0.0 0.0
1 0.136 0.198 . 0.0 273.810 0.0 _ 0.0 ... e _ e i .
9 0.117 0.126 0.0 497,244 0.0 0.0
Lot e e e e e et e e e S e




SECTION DEFICIT(MG/L) _

1 0.965

- 2 . SUUUIED WY i O B - e o e e o 2
3 1.075

e . 04983 R et e e oo s o s e e i — S -
5 0.639
6 1.085
7 0.902

- - J i 00268 e — e S - - S e e et b e eee o o -




RESULTS FOR COMBINEQ (CARBONACECUS AND NITROGENQUS 1 RUN
= SECTION = CHLORIDES TEMPERATURE DEF1CIT SATURATION oa
. iMG/L) W) IMGIL) LAMGALY L AMGYLY. - e

1 755.94 21.00 Z.61 3.18 6.17
2 855484 22.00 2.94 8.50 5.66
3 901.21 22.00 3.09 8.60 5.51

i R DU P SS90 . B30 -3 B -0 S o ¥
5 957,42 22.00 z.11 8.59 6.48

L6 932,20 24,00 _ 3,08 _ 8.28 . 5.18 e e .

7 J 947,31 24.00 2.39 8.26 5.87
8 983.40 22.00 1.20 8,59 7.29




JOB CONTROL LANGUAGE

The following JCL statements apply to users of HAR@3 at OSI
computer facilities:
//INTHAR@3 JOB (ACNT,INT,2,5),PROGNAME
//JOBLIB DD UNIT=333¢,VOL=SER=BCS¢25,DISP=SHR,DSN=CHAPRA.§§§§§
//STEP1 EXEC PGM=MODEL , REGTON=nnaoK |
//GO.¥FTP7FPPL DD SYSOUT=B
//GO.FTP6F@P1 DD SYSOUT=A
//GO.FT@5F@P1 DD *
Place data cards here
/%
Note:
HAL@Y for 100 segment model

HA200 for 200 segment model
HAS5P for 50 segment model

XXXXX

non - 76 K for 50 segment model
148 K for 100 segment model
419 K for 200 segment model

INT
ACNT

0SI user initials
0SI account

]
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Restrictions

1) HARO3 is presently limited to a system of 200 segments
2) A section may have only one interface act as a boundary

3) Each section may have up to six interfaces
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HOMENCLATURE

SYMBOL DEFINITION UNITS *
Documentation Computer
Program
A AREA (J) or
ARRAY (I,JJ),
where Cross—sectional area 1.2
JJ=1,4,7,10,13,16
J=1,6
I=1,1
[A] AC(I,J) Single system matrix. A matrix which
I=1,H represents a single substance which L3/T
J=1,N decays with first order kinetics (see
page T-9)
[a]-1 AC(L,J) - Single system response matrix. The [(M/L3)/
I=1,N inverse of [A], this matrix represents (M/T)]
J=1,N the response of the system to the input
of a load of a single substance decaying
with first order kinetics (see page
T-10)
[AB] or AB AB(1,J) The system matrix. Since matrices [A]
I=1,N and [B] differ only in a reaction term
J=1,N in their diagonals, a metrix without L3/
"such a term has been formulated and
is called the system matrix {see page
T-15) ,
AC AC(I,J) The specific constituent matrix. When 3,
I=1,N the appropriate reaction term is added L7/T
J=1,N to the diagonal of the system matrix
the matrix for a specific constituent
is generated. - In the theory they were
called [A] or [B]}.
As well, the term AC is used in the [M/L3)y/
computer program to represent the m/T)]
matrix after it has been inverted.
[B] AC(I,J) A matrix which represents the second
=1, substance of coupled set of constituents M/L3
J=1,6 which react with first order kinetics
: (see page T-11)
(81"t AC(I1,J) The inverse of [B], this matrix represents
I=1,N the response of the system to .the input [(M/L3/
J=1,6 of a load of the second substance of a m/T)]
coupled set of constituents.
BD BD(I)
I=1,N Benthal oxygen demand M/L2/T
BOD Biochemical oxygen demand M/L°
c concentration of a constituent M/L3

% units; T=time, L=lengti:, M=mass



SYMBOL DEFINITION UNITS
Documentation Computer

Program
(c] —i The total system response matrix relates
input of the first substance in a coupled [(M/L3/
set of reactants to the response of the M/T) ]
second constituent.
CBOD Component of BOD due primarily to oxygen
utilized by suprophytic organisms as they M/L3
utilize the carbonaceous matter in a waste
5w w"“m°""nlssol§é&'ZQ}ZEn"dEflélt = the saturation 3
value minus the actual concentration of M/L
dissolved oxygen = DOg - DO
D, The initial concentration of dissolved oxygen
deficit at the point introduction of waste M/L3
into a stream.
DO Concentration of dissolved oxygen M/13
DOg Cs Saturation .concentration of dissolved
oxygen M/L3
E(J)
ARRAY (I,JJ 1)
where
I=1 N ,
E J=1,6 Longitudinal dispersion coefficient L2/T
JJ=1,4,7,10,
13,16
E' EPRIM(J) Bulk dispersion coefficient
J=1 6 =EA/1 L3/T
d H depth L
k or K First order reaction coefficient, (also 1/T
used to de31gnate a sectlon)
Ka . KA Reaeration rate (flrst order) ‘ 1/T
K4 KD Deoxypenatlon rate (flrst order) 1/T
Ky KA BOD removal rate (flrst order) 1/T



SYMBOL

DEFINITION UNITS
Documentation Computer i
Program
1 section length L
L, Initial concentration of BOD at point of
introduction of a waste into a stream. M/L3
NBOD Nitrogenous component of BOD primarily M/L3
caused be autotrophic bacteria utilizing
nitrogen in waste.
PMR PMPR. Net algal oxygen rate = photosynthesis M/L3/T
effect — respiration effect of algae on
oxygen :
Q Q(J3) net advective flow L3/T
ARRAY (T ,JJ+2)
where
J=1,6
I=1,N
JJ=1,4,7,10,
13,16
t time ' T
T T(I) 'temperature °C
U advective velocity L/T
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SYMBOL DEFINITION UNITS
Documentation Computer
Program

vol VOL Volume L

W W Waste load of a constituent _ M/T

Wy Deficit waste load M/T

X - Distance L

Y Y Dissolved oxygen deficit waste load M/L

B e e e e e et cecra e m s e hare e e et e

o ALPHA weighting coefficient used in the
- approximation scheme of the model.

B 1-ALPHA weighting coefficient = 1-o
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