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1. INTRODUCTION

I.1 Historical Background

The U. S, Coast Guard has regulatory responsibility for the safety
of vessels and equipment that are used in the transport of bulk chemicals
by water and for the occupational health of the personnel that are involved
in marine chemical operations. This responsibility is discharged, in part,
by the application of the Coast Guard's Hazard Assessment Computer System
(HACS). Currently, HACS consists predominantly of several computer codes
for analytical models that describe the fate of hazardous materials that
are accidentally released into navigable waters and the atmosphere. HACS
has been successfully used (1) to retrospectively analyze accident sce-
narios, (2) to provide decision making information to response team person-
nel in the field immediately following an incident and (3) as a training

aid for prospective analysis of hazardous releases.

The Coast Guard recognized that HACS did not include models that
describe certain ship operations that are non-accidental in nature but
could have an impact on health and safety, nor was there a data base for
model development. To this end the Coast Guard initiated a two-part re-
search program entitled "Investigation of the Hazards Posed By Chemical
Vapors Released in Marine Operations.'"  Among the objectives of Phase 1
of the program were to (1) establish and document potentially hazardous
tanker/barge operations in marine terminals, (2) identify those operations
that are amenable to analytical modeling, (3) construct an initial formula-
tion of analytical models that describe these operations, (4) design a test
plan for acquiring model validation data, and (5) conduct exploratory tests
under that plan. At the conclusion of Phase I, preliminary models had

been developed for

o near-field atmospheric dispersion of heavier-than-air
chemical vapors that are discharged from a tank during
1lcading, and

o gas freeing and entry of cargo tanks.

Phase II of the program consisted of implementing the Phase I test plan and
refining the models. The details of the Phase T and Phase II studies are

presented in References 21 and 13.




1.2 Scope of the Manual

C! This manual {s I{ntended tTor the Coast Cuard Hazardous Materta
Speclalist, and It 1a destpned to be a step=by=step gulde to the siructuare

and usage of three computer vrograms,

o ONDEK Atmospheric dispersion of cargo vapor that is discharged
- from a tank during product loading or gas freeing.
o TANKP -~ Gas freeing of a tank in the presence of evaporation

3 of pure product residues.

o TANKM -~ Gas freeing of a tank in the presence of evaporation
of residual chemical from a water solution,
1.3 Manual Organization

In this manual, the description of each program follows a uniform
format., This format is presented below together with a brief statement

of each element in the format.

o Model Description Summary - This section describes the model, the

technical basis for the model both in theory and practice, the
scenarios for which the model is designed and the model limita-
tions. Detailed analytical derivations and sets of governing

equations are not contained in this manual but are presented in

the Final Report for Phase I1 of this project (Reference 13).

o Input Data Requirements - All input data is presented in tabular

form in the order that it iIs requested by the interactive driver,

The tabulation includes the physical variable name, the equiv-

a4 1 v n ‘u"‘vv‘i‘ ' ',..

alent program code and the expected units,

Y W T T
NE A S

o Default Options - Certain pileces of input data are assumed to

be known, e.,g. chemical properties, Other inputs that pertain
to ship/barge operations may or may not be availahle. In

these latter cases, the interactive driver asks the user a

Ny

R NN N

question regarding the availability of data. If the user re-
sponds negatively, the interactive driver will present a
series of default options from which the user can make a

selection. These sections of the manual present the various

vy
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1.4

default options and their basis in the order in which they

may be encountered,

n Program Output - Program output consists of tabular data and

computer~generated graphs. The tables may contain the plotted
variables and other internally computed variables. In this
section of the manual, the output variables are defined by
physicai name, corresponding program code and the applicab

units.

o Hazard Assessment - The basic program outputs are either c ical

vapor concentration-time histories or vapor concentration

files in space. In the case of tank entry following tank . . in-
ing, the programs make an interpretation of the in-tank work
environment based on accepted occupational exposure guidelines,
A similar assessment of the on-deck environment is neither
warranted nor entirely feasible due to the unconstrained, random

nature of deck work.

o Examples - Each program description includes a computer-
generated example, .Each example is preceded by a brief
discussion of the problem that is being simulated, followed
by an I/0 listing and finally discussion of the results as

appropriate.,

o Flow Charts ~ Each program is flow charted to indicate primary
decision points and the major program operations., For clarity,

minor IF statements and DO loops have been omitted.

o References - Primary references are cited to support the model

description.

o Program Listings - Hard copy listings of all programs are

presented in the appendices.

Computer Program Organization

All of the computer programs that are contained in this manual have

been written in Fortran IV language and have been executed on both the

PR P S S SN PP SR
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Digital Equipment Corporation PDP-1170 and the Control Data Corporaticen
Cyber 172 gsystems. The progrumming 'anguage is compatible with 1uac

HACS software packages.

The programs that are described in thi<c manual are stand-alone
in nature and can be executed Iindependently of the current HACS svatem,
They each contain several features that are consistent with the HACUS

philosophy and will faciiitate Integration into the HACS svstem,

o] Access to the main program is controlled by an indeperdant,
interactive driver. Through a Videc Display “erminal (VD7)
or a hard copy input writer, the driver controls tle flow oy
user provided input data and guides the user te default decisions

when input data are not known or are not available.

0 The driver controls the transfer of data from the driver to the

main program.

o] The main program controls data output and is sinported by separate,

special-purpose subroutines such as integration and plot routines.

During preparation of these models and this manual, the HACS
Operations and User's Minual were reviewed, and there was an opportunity
to observe execution of the HACS from a remnte terminal. These efforts
identified additional features that are currently contained in HACS but
could not be conveniently incorporated into the models that are described
in this manual., These features, which will need to be recognized during

program integration, are enumerated helow.

o In this manual, chemical property data are input by the user.
Integration will require eliminating this input mode and re-
placing it with programmed access to the HACS Chemical Property

Data File.

o The input and computed values of program variables are not
currently screened to determine if they fall within a min-max

acceptance range as is don» in HACS,

o At the conclusion of data input, the driver programs do not
give the user an opportunity to review and possibly change

data before executing the main program.

PR P - s PP, W S G ST Y I S N O W WP S T YU -
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At the conclusion of data input, execution {s initiated, and
output of tables and graphs 1s displayed on a VDT. The plot
routines are an integral part of the USCG HACS System and are
not available in the open literature. WNon-USCG program users
will need to interface an appropriate plot routine with the
programs. This entire manual and the plot routines are geared

toward execution on the USCG HACS System.

Following output of data, the program logic is not currently
in place which would permit the user to change one or more pieces
of input data and then rerun the updated case as can be performed

on HACS.
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Il. TANK VENTI.ATION MODELS

II.1 Tank Cleaning Scenarios

There are many reasons for cleaning cargo tanks on parcel chemical/

product tankers and barges, and they include

o

(o]

preparation for change of cargo grade,

insuring product puritv (no cross contamination) when the

same product is back-~loaded into the tank,
periodic USCG inspection of tank internals,
preparation for hot wurk,

inspection of tank coating materials, and

repalr of in-tank equipment such as closed gauging

systems.

The cleaning operation may or may not include a water wash that precedes

gas freeing or ventilation. However, in each case gas freeing is followed

by man-entry to accomplish either inspection, repair or manual cleanup

of residues and debris.

Two tank cleaning scenarios have been defined based on field observa-

tion, and they are described by the models TANKM and TANKP.

TANKM - This model assumes that the tank has been water washed.

Following washing and stripping of slops, a residual
quantity of liquid in the form of a chemical-water solu-
tion remains on the tank bottom. Gas freeing is accom-
plished by dilution ventilation that is provided by deck
mounted blowers. The model predicts the concentration-
time history of chemical vapor in air at the ventilation
discharge and includes the effect of regeneration of pro-

duct vapor from the aqueous solution.

TANKP - This model assumes that the tank is not washed. Gas

freeing begins following product discharge, and the

Aed mkad
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model includes the offect of evaporation of pure product

residues.,

In roughly 80 percent of the field tests that werc conducted to support

the model development, the tanks were washed prior to gas freeing.

I1,2 Elements of Program TANKM

) IT1.2.1 Model Description Summary

- The TANKM model is based on the numerical integration of

: two coupled, time-dependent ordinary differential equations. These

[" equations represent the conservation of mass of (1) the chemical species
in the vapor space above the residual binary solution on the tank bottom
and (2) the chemical species in the aqueous solution. The two differential
equations are coupled through an interface condition that describes mass
transfer between the liquid and vapor phases. The formulation is com-
pleted by specifying appropriate initial conditions for both liquid and

vapor phase concentrations.

A mass balance in the vapor phase yields

to the vapor phase from the aqueous soluticn.

Thls equation assumes that the concentration in the vapor phase is well-

de

’V"g;- = -CVQ + AF (1)
| where ‘¥ = tank volume
h Cv = mass concentration of vapor in air
t, Q = blower flow rate
f? A = residual liquid surface area
g' F = net flux of chemical between liquid and vapor i
> phases. F 1is positive when mass is transferred %
>t
b
Vo
-

mixed and uniform; there are no spatial variations in concentration,

.
L
:{ Similarly, a mass balance on the chemical in the liquid
E phase results in Equation 2.
i-.“ ___I_L_= -F/8 (2)
- dt
8
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where C = mass concentratfon of chemical (solute)
{n water (solvent)
6

residue thickness

The interface condition that describes the flux term F

is based on the two-layer film model in Reference 1.

F = KoL (cL - CV/H) (3)
where KOL = overall mass transfer coefficient
referenced to the liquid plase
H = Henry's law constant or partition
coefficient

This flux model assumes that both the bulk liquid and vapor phases are
well mixed and concentration gradients exist only within the thin two-

layer interface film.

Appropriate initial conditions are

at t =0 (8)

This formulation requires a set of supplementary expressions
for calculating H and KOL'
The form of the mass transfer coefficient follows directly

from the derivation of the evaporative flux equation in Reference 1.

k. k_  H
N (5)
OL k_+H k
1 8
where kl and kg are exchange constants for the liquid and vapor films in
the two-layer model of mass transfer at the liquid interface. These ex-
change rates are given by the following expressions from References 7 and
3, respectively.
k, = 0.33 (aa/m'/? (6)
k = 18.95u . (18/m1/? Q)
g wind
9
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where M = molecular welght of the chemical
= ceffecttve alr veloelity over the Iqutd

surface

The assumption that the blower produces a well-mixed vapor space implicitly
implies that there are no locil varfations 1in the air flow velocity over

the residual liquid surface, then, 1s an integrated average or

U
wind’
effective evaporation air velocity that was derived from Reference 4 which
is concerned with the normal impingement and axisymuetric turning and

spreading of air jets.

5 1-n
Kr, -n r
= + -
Ueind 2r1 -—lfn r, (1-_1 R (8)
2 2
where n = 1.12
r, = 0.15 D
D = tank depth
5

C =1.4U at-1?

o
UO = average blower jet velocity
d = jet diameter at blower discharge (usually Butterworth

opening diameter)
K = C/r1n+]_

The quantity r, represents an estimate of the effcctive range

2
of the blower jet following impingement on the tank bottom and radial spread-
ing over the liquid surface. This estimate attempts to account for the non-

axisymmetric flow of air over that tank bottom that results from

o the lateral constraint of the tank walls and
0 an on-deck blower location that is not normally

centered on the tank planform.

Estimates of r2 range from 0,50L to 0.75L as measured from the blower jet

stagnation point where L 1s the overall tank length.

10
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The quantity B is a free, dimensionless parameter that
resulted from correlations between experimental data and theoretical

predictions; a nominal value of 8 {1 0.331.

The model incorporates two methods of calculating H,
the Henry's law constant or partition coefficient. For dilute, ideal

solutions, H 1s calculated by Dilling's method in Reference 2,

H = 16.04 P (9)
TS
where pv = vapor pressure of the solute (chemical)
at temperature T
M = solute molecular weight
S = solute solubility in water (finite)

For highly or infinitely water soluble chemicals, H is calculated by
the method proposed by Mackay in Reference 5.

H o=v p, Yl/RT (10)
where v, = molar volume of water

pv = vapor pressure of solute at temperature T

Yl = solute activity coefficient

R = Universal gas constant

The activity coefficient, y, for a chemical (solute) in water (solvent)

solution is based on the following approximation to the two-suffix van Laar

equations of Reference 6.

el 2
log v; = log v; (1-x;) (11)
where yeo = activity coefficient at infinite dilution
1
xl = mole fraction of chemical in solution

The mole fraction xl,is related to the mass concentration

of chemical in water

1 (12)

M
c 1 1
e [rome ()
1 Mw v CL pc

11
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where M

M = molecular weight of chemical and water,
respectively
p = mass density of chemical and water,
respectively
= mass conceatration of chemical in solution

(program dependent variable)

This conversion assumes that the chemical and water volumes are additive

in solution, and it gives the best representation of X over a range of

CL from zero to pc (Reference 7).

There are a number of systems of correlating equations.

that can be used in calculating Y " as indicated in Reference 8, TANKM

presumes that the user has applied one of these methods to calculate vy _ -

1

as an input to the program. All of these methods require varying amounts

of basic data in order to perform the calculation. At the present time,

these data for calculating Ylf’o are not contained in the HACS Chemical

Property Data File.

The most readily used method is presented in Table 8-17 of

Reference 8, The elements of the method are outlined below.

1.

The user identifies the functional group that includes
the chemical (solute) of interest with water being the
solvent, For example, ethanol is an n-primary alcohol

and xylene is an n-alkyl benzene.

Table 8-17 of Reference 8 identifies five correlating
constants for each functional group and the appropriate

correlating equation.

The last pieces ¢f information are obtained from a two-

dimensional representation of the chemical structure.

Nl’ N2 = total number of carbon atoms in solute and
solvent molecules, respectively
N', N*" / N = number of carbon atoms in respective

branches of branched compounds, in-

cluding polar groups

12
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4. Ylw is then calculated

Table 1 illustrates the application of thils methcd for several chemicals

in water solution.

11.2.2 1Input Data Requirements

A driver or main program entitled PRETNK controls the flow
of input data from a user-operated video display terminal (VDT). PRETNK
is structured to accept data for either the TANKM model or the TANKP
model. The interactive logic in PRETNK guides the user in inputting a

data set that is consistent with the requirements of either model.

When the input requirements for the TANKM model have been
satisfied in PRETNK, the driver creates a file TANKMI, which enables TANKM
to read the input data. The Fortran codes for the input variables in
PRETNK are identical to those in TANKMI and TANKM. A similar read file,
TANKPI, is created when TANKP is to be executed.

Table I1 describes the input data requirements and control
variables for TANKM in the sequence that they will be requested of the
user by PRETNK, Default options and the PRETINK subroutines that control
default input are indicated where applicable; a discussion of each default
option, together with any input required by the default subroutines, is

presented in Section I1.2.3.

PRETNK accepts a free field format for input of all real
(non-integer) Vériables. In the event that the number of free fields that
are input to PRETNK exceeds the format length specified by TANKM, file
TANKMI will truncate to meet the input requirements, Conversely, when
the number of free fields is less than the TANKM requirements, the input
is used as provided. User supplied responses to interactive questions
are A2 formatted within PRETNK,

11.2.3 Default Options

This section describes the input default options that can
be selected for TANKM. A default option may be selected if (1) sufficient
data 1s not available to meet the program requirements or (2) the user
intends to study the effect of various combinations of variables 1in the

tank cleaning-tank entry scenario.

13
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Each default option is programmed as a self contained sub-
routine. The appropriate sub;outlne is automatically called when the inter-
active driver receives a negative user response to a questlon regarding
data availability. These subroutines are also interactive and guide the
user in selecting data to satisfy the program requirements. The numerical
values for the options are based on a combination of field experience,
technical literature, as well as the experience and operating procedures

of vessel operators.

The default options are presented below in the order that
each subroutine would be called from the PREINK driver. The location of
these calls in the overall input data sequence can be identified by

referring to the COMMENT column in Table 71T,

Subroutine TKDIM

When tank dimensions are not known, the user has the
option of selecting a barge tank or a tank on parcel/product carrier,

For each tank type there are two default options.

Barge Tank Default Diwmensions

Option 1 -~ Full Beam Tanks

L=16.5m
W= 8.2 m
D= 4,6 m

Option 2 ~ Port/Starboard Tanks Symmetric About Centerline

L= 9,0m
W= 6,8m
D= 3.6m

Ship Tank Default Dimensions

Option 1 - Center Tank

L=12.2 m

W=10.9m

D= 14,6 m
19
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Option 2 - Wing Tank
L= 12.2 m
B W= 7.3m
]! = l4,6 m

The above c¢ptions on tank dimensions reflect actual tank measurements,

a review of the barge files 1in USCG District 8 Offices and data provided
.. by vessel operators. When the appropriate option has been selected for
= either tank type, the default dimensions are automatically assigned within

the subroutine.

v Subroutine BLOWER
{ |

Entry into this subroutine indicates that either a measured
blower flow rate into the tank or discharge flow rate from the tank is not

available to the user.

The user's first option is to estimate the flow rate from
the manufacturer's specifications. This estimate requires information on
the blower model number and the onboard supply pressure of the steam,
water or compressed air that drives the blower., Tf this information is
not readily available, then the user's second option is to select an average

flow rate from the following alternatives:

36 mjlmin (1270 cfm)
96 m3/min (3390 cfm)
124 m>/min (4380 cfm)

]

Low Flow Rate Q

Medium Flow Rate Q
High Flow Rate Q

These average flow rates were obtained from 19 measurements during gas

freeing tests. The test data indicated that the

;.r

o low flow rates extended from 24 to 48 m3/min,

o medium flow rates cextended from 83 to 101 m3/min, and

hacadt ab L4 aa sl e X

o high flow rates extended from 110 to 140 mj/min.

Selection of any of the above flow rate options assumes that the blower is

vy

fully mated with the Butterworth opening during ventilation, i.e. the

cntire output of the blower is directed into the tank. This assumption is

LAE o an o o 8 o o dt o)
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valid in the majority of gas freeing operations. However, this assumption
is not valid when the blower is operated in a cocked position that is
analogous to an ullage port resting on its pin. This situation occurs
occasionally when the design specification(metric versus English units)

for the bolt circles on the blower and Butterworth opening are not compati-
ble or when the blower discharge diameter is greater than the diameter of

the Butterworth opening.

In either of the above cases, there will be a reduced flow
rate into the tank relative to a fully mated blower. The flow rate of
air entering the tank is some fraction, K, of the rated flow rate., Sub-
routine BLOWER does not contain a default option for K. If the user is
executing a run in which there will be a flow rate reduction, then K is
a user input that is based on judgement. However, a default value of K
equal to 0.62 is suggested for at least the case where the blower discharge
diameter is greater than that of the Butterworth opening. This value of K
was calculated as the ratio of nominal Butterworth opening area divided
by the area of a blower having the next largest discharge diameter of 0,39 m,
which corresponds to a currently available steam or compressed air driven

blower.

Subroutine POSTWH
This subroutine is called from PRETNK if

o the postwash residue thickness, DELTA, on the tank
bottom is unknown but the chemical concentration, CCL,

in water is known or
o neither DELTA nor COL are known.
Thus, there are two default bfanches within this subroutine,

Default Option 1 ~ DELTA Unknown, COL Known

The rationale for this default branch is that DELTA is not
a readily measurable quantity on barges and to greater extent on tank ships.
Conversely, a sample of wash water residue can be obtained near thc end of
washing from a slipstream on the tank discharge line; this sample can then
be analyzed for solute concentration, COL, using the appropriate analytical
chemistry methods.

The user may select a residue thickness within the following
default range.

21
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DELTA = 0,1 ¢em = 2,5 ¢cm

The lower limit on this range would represent effliclient removal of
residues by a stripping pump or stripping lince. ‘The tank bottom would
have the appearance of wet concrete, 1f the suction inlet on the cargo

discharge line 1s above the tank bottom or there is wcamplete stripping,

then residue thickness could approach the upper limit of this range.

Default Option 2 - NELTA and COL Unknown

A default value for DELTA is determined as in Default
Option 1.

Next, the default value for COL is computed based on the
following scenario. After the cargo has been discharged from the tank,
a residual volume of cargo, VRES, remains on the tank bottom, The tank
is then washed with portable machines at a prescribed water flow rate, QW,
for a given period of time, TW., It is assumed that all of the residual
chemical goes into solution, and the discharge of wash slops does not
begin until the washing has been completed. In practice, the cargo dis-
charge pumps are operated for brief periods of time to remove slops.
After washing has been completed, it is further assumed that the slops
are pumped and/or stripped from the tank until the prescribed value of
DELTA has been reached.

To initiate calculation of the default value for COL, the

user may select two options for the residual chemical volume, VRES.

Option 1 - VRES = 0,2 m3 for low kinematic viscosity
cargos, high draft difference during dis-
charge, deep well pumps with sump and sump
stripped with eductor,

Option 2 =~ VRES = 5.0 m3 for high kinematic viscosity
cargos, low draft difference during dis-

charge and no deep well pump or sump.

The lower value of VRES is consistent with the experience of owner/operators
of parcel chemical tankers and the residual chemical volumes that were
measured and predicted in Reference 9, The higher value for VRES represents

an upper bound for nearly all of the data that is reported in Reference 9,
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The wash water flow rate and washing time are specified by

this subroutine.

QW = 0,28 m3/m1n
T™W = 48 min

The washing time represents an average for a wide range of tuank sizes and
chemicals of varying solubility in water. The wash water rate corresponds
to 75 gpm and represents an average rate for portable machines (3/8-inch

diameter nozzles) operating at supply pressures of approximately 100 psig.

These values reflect field observations and the data in Reference 10.

The solute con:entration at the end of washing is then
calculated.

ol - VRES * PCHEM * 1E9 P
.= QW * TW + VRES  °*® "&/m

where PCHEM is pure chemical density in gm/cmB, and it is a user input

that is requested by subroutine POSTWH.

This calculated solute concentration is then compared to
the known solubility limit, S, which 1s a user input to PRETNK. If COL
is less than S, the calculated default value will be used in the program,
The calculated COL is rejected if it is greater than S; the program

proceeds with an assigned value of COL that is equal to S,

Subroutine PREVNT

Within this subroutine, the user will input either a known
value for COV, the chemical vapor concentration in the tank before

ventilation begins, or a default value will be calculated.

In calculating the default value of COV, it is assumed
that before discharge is initiated the ullage space above the cargo
contains saturated vapor corresponding to cargo temperature, CTEMP. The
user inputs this temperature to the subroutine in °C. It is further
assumed that the tank was loaded to some fraction, OMEGA, of its capacity,
For a fully loaded tank, OMEGA will normally be 0.95 to 0.98. A short
loaded tank may result in an OMEGA of 0.5 to 0.75, i.e. substantially

less cargo than the tank capacity. As the cargo is discharged, the

23
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saturated vapor In the ullage space will be dfluted by alr Inpested fnto
the tank. Assuming that there is no additional cvaporation of cargo from
the residues and that the tank atmospherc reaches equisibrium, then by

the perfect gas law

oV = PVS(LP-‘; OMEGA) 4\ 16

where cov = equilibrium tank vapor concentration following
cargo discharge, ppm
PVS = saturated vapor pressure at CIEMP in mmHg as
determined by Antoine equation

OMEGA

fractional volume of tank occupied bv cargo

PA = atmospheric pressure, mm Hg

The estimated default value for COV is used in both TANKM
and TANKP, 1Its use In the TANKM model is justified because measurements
of the tank vapor concentration before and after washing indicate that
the water wash has a relatively minor affect on vapor levels. The primary

affect of the wash is to dilute chemical residues.

Subroutine VIWORK

The tank cleaning scenario assumes that barge or ship
personnel enter the tank at some time after the gas freeing or ventilation
has been initiated. The gas freeing time prior to man-entry may be bascd

on crew experience rather than a formal cleaning and entry procedure.

This subroutine permits the user to input T, which is the

ventilation time in minutes prior to man-entry into the tank,

In this subroutine, the user may select from five options
that describe the type of work that will be performed in the tank and TWORK,
the duration of the work. These options, which are presented intcractively

to the user are shown below.

Option 1, Brief visual inspection and odor determination
with cargo surveyor, TWORK = 1 - 2 min.
Option 2. Inspect tank coatings and measure thickness

TWORE. = 15 = 45 min.

24
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Option 3. Hand mucking of residue with towels and rags
(relatively dirty tank) TWORK = 90 min.

Option 4., Sweep debris from tank bottom and wipe pump
sump (relatively clean tank) TWORK = 40 min.

Option 5. User specified such that (TM+ TWORK)/DT is
less than 500.

In the first two options, the user may input a value of TWORK that is
within the indicated time range. Option 5 permits the user to specify

work times for in-tank scenarios that are not represented by Optious 1
through 4.

Subroutine VENTMP

The purpose of this subroutine is to establish a temperature-
time history for the chemical vapors that are discharged from the tank

during ventilation.

A measured or hypothetical temperature profile can be used.
The subroutine accepts ordered pairs of digitized time and temperature
beginning with the lowest time and ending with the largest time. The time
values are stored in a one dimensional array TABTIM. Corresponding
temperatures are stored in a TABTEM vector. The number of discrete data
pairs 1s equal to NUMTAB. The user inputs each ordered pair sequentially

on a separate line., At each input, time is entered first then temperature.

If a discharge temperature profile is not available, there are two

default options.
Option 1., - Tank Washed With Hot Water

If the tank was washed with hot water, this option will

result in a constant discharge temperature of 41°C (105°F) for all times

following initiation of ventilation.
Option 2. - Tank Washed With Cold Water

The tank may be washed entirely with either salt or fresh
water, A salt water wash may be followed by a fresh water wall wash, For
either type of wash procedure, the model assumes that the wash water cor-

responds to the temperature of the navigable water surrounding the vessel,

25

a a4 a _a_a - o . " i i s




L

.-.’

-y Y v
d RN
. o

RERARAS A o

}"f
L
N
|

4
b
.

Pl

....
@

Y YT

and this temperature prevails during ventilation.

This default option has two alternatives that reflect
observed seasonal variations in wash water temperature in the Gulf

Coast area.

o Alternative 1 - Temp
Gulf Coast

16.5°C (61°F), Winter/

i

o Alternative 2 - Temp = 29.4°C (84°F), Summer/

Gulf Coast

Either of these alternatives may be selected under Option 2. The result

will be a constant vapor discharge temperature during ventilation.

11.2.4 Program Output

Execution of the TANKM program includes two output

operations.

Operation 1., - Initially, the data that is input by the
ugser to PRETNK must be transferred in a
compatible format to TANKM., This transfer
is accomplished internally through the out-
put of the TANKMI data file in PRETNK; there
is no hard copy or video display of the
transfer,

Operation 2. - Primary data output is generated and control-
led by TANKM. The tabular output is spooled to
a printer for hard copy display. The graph-

ical output is displayed on the video screen.

The details of each output operation are presented below.

I1.2.4.1 TANKMI Qutput

The TANKMI output statements are duplicated
below. Note that for each WRITE statement there 1s a corresponding READ
statement in TANKM, and the variable sequences are common to both statements.
In addition, each WRITE statement contains two integers in parentheses., The

first integer, 1, creates the TANKMI file, and the second integer indicates

26
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QUTPUT DATA FGOR TAir4m

WRITE(1,2) TESTHD

WRITE(1,3) L, W, D
WRITE(1,3) Q. DELTA

WRITE(1,3) DIA, M

WRITE(1.,3) S, GCAMInF,
WRITE(1.3) A 3., C

WRITE(1,3) PA, R2

WRITE(1,3) CcL., COv

WRITE(1,3) TI. Ti
WRITE(1, 4) NUNMTAB

Ct,

TWORK,

c2

DT

the format number, which is listed at the end of the WRITE operation.

WRITE(L, 9) (TATIM(I), I=1, NUMTAD)
WRITE(1, 9) (TA3Term(I), I=1, NUMTAB?

WRITE(L, 4) JSWTCH.
WRITE(L, &) NHUMZ(P

IF (NUMEXP | NE. 0O)

WRITE(1, 2) ITWIRK,

HEVAL

WRITE(1, 2) TLWI, TLVIWA,

FCRIMAT(IS)
FORMAT(SE12. 5)
FORMAT(2I3)
FGRMAT(7F8. 3)
FGRMAT(1X, I3)
FORMAT (1X, 2712, 47
FORMAT (15, A2)

I1.2.4.2  TANKM Dutput
TANKM produces six blocks of output information.

27

WRITES(1,7)
[BLCW

(ETIMECL), ECVPPM(I), I=1, NUMENX

TLVSTL

BLOCK 1 - This block prints out selected pieces of input data for reference
purposes as well as the results of calculations that initialize the problem.

The structure of the output block is shown on the next page.
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- #unud  TEST NO. o 3 3 3

L. R

s ONE-TIME QUTPUTS
VARIABLE DESCRIPTION UNITS RESULT
HEVAL =1, H(IMACKAY); =2, H(DILLING) #3334 3 #3E33E I
Q BLOWER FLOW RATE M3/MIN
AREA LIQUID SURFACE ARIZA M2
L TANA LENGTH METER
W TANK WIDTH METER
D TANK DEPTH METER
v TANK VOLUME M3
DELTA RESIDUE THICKNESS CcM
coL INITIAL SOLUTE CONCENTRATION MG/M3
S SOLUTE SOLUBILITY MG/LITER
M SOLUTE MOLECULAR WEIGHT GM/MOLE
ROCHEM CHEM. LIQUID DENSITY MG/M3
GAMINF INF. DILUT. ACTIVITY COEF. 34 3 o 3t 4 3 3
PA ATMOSPHERIC PRESSURE MM HG
UWIND CONVECTIVE EVAPORATION VEL M/SEC
DIA DIA. OF B/W OPENING METER
uo BLOWER JET VELOCITY M/SEC
KG GAS PHASE MASS TRANSFER COEFF CM/MIN
R1 JET DEFLECTION REGION (0.150D) METEK
R2 JET DEFL + WALL JET DIST METER
KL LIQUID PHASE MASS TRANSFER COEFF CM/MIN
MINIT INITIAL CHEMICAL MASS IN SOLUTION MG
TLVC THRESHOLD LIMIT VALUE., CEILING PPM
TLVTWA THRESHOLD LIMIT VALUE,

TIME-WEIGHTED AVERACE PPM
TLVSTL THRESHOLD LIMIT VALUE,
SHORT-TERM EXPOSURE LIMITY PPM

BLOCK 2 - This block contains three entries.

1. TWORKN - Statement defining the user selected in-tank work
activity (N = option selected).
2. TWORK = Duration o¢f the in-tank work, min.

3. Statement defining blower status (on or off) during tank entry.

BLOCK 3 - The third block displays in tabular form the calculated values

for nine variables at the end of each integration time step. The table
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begins and ends at times corresponding to the start of veatflatlion and
the termination of In-tank work, reapectively, At cach time step, there

are two lines of output,

Line 1: TIME (MIN) - time after initiation of ventilation
CV(PPM) - volumetric vapor concentration
CV(MG/M3) ~ equivalent mass concentration of vapor
TEMP(C) - vapor discharge temperature
PV(MM-HG) -~ solute vapor pressure at TEMP(C)
H - Dimensionless Henry's or partition coefficient

CL(MG/M3) ~ solute (chemical) concentration in water

Line 2: KOL(CM/MIN) - overall mass transfer coefficient referenced
to liquid phase
MDOT(MG/MIN) - solute evaporation rate

MEVAP(M) - cumulative mass of evaporated solute

BLOCK 4 - Block 4 summarizes in tabular form the vapor concentration-time
history in the tank during the period of time specified by TWORK, 1If the
blower ON option was selected, then concentration should decrease with
time. The calculated concentrations are assessed relative to the TLV-C

and the TLV-STEL.

BLOCK 5 - If the TLV-C and TLV-STEL (interpreted as an MAC) are not exceeded

at any time during TWORK, then the in-tank CV(PPM) profile is integrated
to yleld the average exposure concentration, which is an output quantity.
The 8-hour TWA exposure is calculated and ccmpared to the TLV-TWA, and
the results are displayed in the output.

BLOCK 6 - Block 6 is a computer-generated graph of the calculated gas

freeing concentration~-time historv and includes plotted experimental data

if input by the user,

11.2.5 Hazard Assessment

The hazard assessment is programmed in both TANKM and TANKP.

Thne groundrules for this assessment are as follows.

0o The in-tank exposure is to a2 single chemical.
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o This in-tank exposure is the only one that 18 received
during an 8-hour period. There are no additional cx-

posures to the given chemical or to other chemiculs.

o Exposures are evaluated relative to the Threshold Limit
Values (TLVs) that are published by the American Conference
of Governmental Tndustrial Hygienists (ACGIH) in Reference
11.

o The Short Term Exposure Limit (STEL) is interpreted as

a Maximum Allowable Concentration (MAC).

All of the data that is needed for this evaluation has been either input
to or calculated within TANKM,

For simplicity, the hazard assessment is indicated as a
block operation in the TANKM Flow Chart in Section II.4. The details of

the assessment logic are presented below.

The first branch is determined by the input value of IBLOW,
which determines if the blower is on or off during tank entry.

BLOWER ON

1. The program scans the calculated concentrations to determine if any

C(ti) exceed the TLV-C or TLV-STEL during the period t St st +

M M
tWORK' If the anser is YES, proceed to Item 5. If the answer is NO,

then proceed to Item 2,

2. The average exposure concentration 1s calculated and outputted.

M * York

’-C(t)dt
! i i
E’

E _ M
exp

QyoRK

3. The 8-hour TWA exposure is calculated next and outputted.

C..=2C

TWA exp tWORK 480
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The CTWA is compared to the TLV=TWA

a. If Crwa is less than TLV-TWA, then an output appears.
"Predicted Single Exposure 1s Acceptable With Respect to
TLV-C, TLV-STEL and TLV-TWA."

b. If the TLV-TWA 1s exceeded, the following message appears.
"Predicted Eight-Hour TWA Exposure Exceeds the TLV-TWA.
Hazardous Conditions May Exist. Single Exposure Does Not
Exceed TLV-C or TLV-STEL."

This is the end of the assessment for the NO branch in Ttem 1.

5.

The YES branch in Item 1 will produce a printout of the instantaneous
exposure times and the corresponding calculated concentrations where ~
the TLV-C or TLV-STEL is exceeded. These occurrences may include all

or part of the entry period, and each occurrence is labeled '"Hazardous ‘

Working Conditions,"
The integrated average exposure concentration is calculated and dis-
played

"Predicted Average In-Tank Exposure as Measured by a Dosimeter = ppm"

This average exposure is then compared to the TLV-C or the TLV-STEL.
If Eéxp exceeds TLV-C or TLV-STEL, the assessment executes Item 8,

otherwise it proceeds to Item 9.
The program then prints out the following message.

"Dosimeter Monitoring Would Indicate That The Average Tn-Tank
Exposure Exceeds the TLV-C or TLV-STEL For This Chemical Vapor,
and a Hazardous Working Condition Exists. PReduce Exposure Below

Either TLV Before Assessing the TWA Exposure.”

This completes the assessment for E;xp greater than TLV-C or TLV-STEL.

9.

4 m .t a LA . m A m_a o am A & & oa.m PO S

A negative response in Item 7 produces the following message.

"Dosimeter Monitoring Would Indicate That The Average In-Tank
Exposure is Acceptable and Does Not Exceed the TLV-C or TLV-STEL

For This Chemical Vapor. However, Instantaneous Concentrations
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Do Exceed These Limits, Real=Time Measurements ot Vapor

Concentration May Be Indlicated."

10. Because Eéxp does not execed the TINV=C or THLV=-8TEL, the d=hour time
welghted average exposure C,

Item 8,

WA fs calculated and displayed as in

;‘-
[N
[N
W
N
e

11. CTwA is then compared to the TLV-TWA

a, 1If CTWA is less than TLV-TWA, the message is

"Monitoring Would Also Indicate That The Exposure is

Acceptable With Respect to the TLV-TWA."

b. If CTWA is greater than TLV-TWA, the following ouput

message appears.

"Predicted Eight-Hour Time Weighted Average Exposure Exceeds
The TLV~TWA. Hazardous Conditions May Exist."”

This completes the assessment for the BLOWER ON option.

BLOWLER OFF

1. Because the blower is off during tank entry, the exposure concentration

is constant and equal to C(tM). The program checks C(tM) against TLV-C

or TLV-STEL. 1If these levels are exceeded, then Item 4 is executed.

Otherwise, procced to Item 2,

The 8-hour TWA exposure is calculated as described earlier. Two

messages appear.

"Predicted Average Exposure During Tank Entry = ppm"

A i.-r'."'.‘. '
oL e . f
.

"Predicted Eight-Hour Time Weighted Average Exposure = ppm"

3. The 8~hour TWA exposure is then compared to the TLV-TWA. Depending
upon the result of this comparison, the message in either Item 4a or

4b of the BLOWER ON assessment will be printed.

This completes the assessment for the NO branch in Item l.

YT

4. The assessment performs Item 5 of the BLOWER ON option.

e

5. The messages in Items 6 and 8 of the BLOWER ON option are then displayed.

This completes the assessment for the BLOWER OFF option,
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I1.2.6 Example of TANKM

The example that was selected to demonstrate the inter-
active fea:ures of PRETNK and the execution of TANKM describes the gas

freeing of an acetone tank following washing., Acetone {s infinitreiy

soluble in water.

The example includes five elements of hard copy.

Element No. 1 - This first element censists of the

conversational interaction between the user and the PREINK driver. Tf
the user is operating from a VDT, the questions and responses will appear
on the screen, but there will bc no hard copy record of the input dialog.
In this example, a Digital Decwriter I[I was used so that the interactive

input data would be clearly identified in permanent dialog record.

Element No. 2 - This element represents the terminal input

commands and system responses that set vp the raster scan for the plot

routine, This element can be performed following PRETNK input or after

Element No. &,

Element No. 3 - A copy of the output of the TANFML data
file is presented as Element No. 3. ‘'This element contains the input data
in a format that is compatible for transfer to TANKM. Element No. 1 is

not automatically presented, it must be requested by the user.

Element No. 4 - This element displays the execution output

of TANK according to the block sequence that was described in a previous

section.

Element No, 5 - Finally, the calculated concentration-time

history and experimental data (if available) are displaved in graph form.

Comments that pertain to this example arc presented

below.

o Acetone is infinitely soluble in watexr, Thercfore,
Henry's coefficient is calculated using the activity

coefficient approach.

o An artificially large, finite value of the solubility

limit S was input in the event that the default option
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on LO! would have been exerelsed.  This lTarpe valae would
prevent the caleulated (‘.“' from excecding o solabhility
limlt which would result in CO\ heing scet equal to S, As

this option was not exercised, the pseudo-input tor S is

irrelevant.

Tank entry was assumed to take place 14 minutes after
gas freeing was initiated., The blower--n option was
selected during tank entry when tank coatings were in-
spected and thicknesses measured for 44 minutes. The
value of TM is hypothetical because vapor concentration
is nearly 6% LEL and would not be an acceptable entry
condition., It was selected to demonstrate an important

branch in the hazard assessment logic.

Initially, mass transfer of acetone is from the vapor

phase to liquid phase, the evaporation rate is negative,

the mole fraction and concentration of acetone in solution
increase with time. The driving force for evaporation

is negative. As time proceeds, the vapor space con-
centration declines because of solute absorption and
ventilation discharge of vapor; the driving force trend

is reversed, and solute evaporation begins. As MEVAP is the
time integral of f, there is a time lag between the onset

of positive m and a positive evaporated mass of chemical,

The tabulated time history of calculated variables ends

at the time of egress from the tank,

The hazard assessment indicates that exposure concentra-
tion cxceeded the acetone TLV~STEL during the first four
minutes of intank woeork. These exceedences would not be
detected by a conventional integrating dosimeter; the
result would be an indication that the short-term exposure
was acceptable. Because the 1ntegrated exposure did not
exceed the STEL, the assessment then calculated that the
8-hour TWA exposure to this sinpgle event did not exceed

the TL7-TWA, which was 750 ppm.
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TANKM CXAMPLE

> RUN PRETNK

PROGRAM PRETNK IS AN INTERACTIVE PROGRAM DESIGNED FOR
THE USER TO EASILY INFUT DATA COMPATIELE FOR PROGRAM
TANKM OR TANKFP

1. TANKM - PROGRAM THAT CALCULATES THE COMCENTRATION-
TIME HISTORY OF CHEMICAL VAPORS D1SCHARGED
“ROM A TANK DURING DILUTION VENTILATION IN
THE PRESENCE OF CHEMICAL SOLUTE EVAPORATION
FROM AN AQUEQUS SOLUTION OF RESIDUAL CARGO
ON THE TANK FLOOR.

2. TANKP - FROGRAM THAT CALCULATES THE CONCENTRATION-
TIME HISTORY OF CHEMICAL VAFOR DISCHARGED
FROM A TANK DURING DILUTION VENTILATION IN
THE PRESENCE OF EVAFORATION QF FURE
CHEMICAL RESIDUES FROM THE TANK WALLS ANID
FLOOR.

SELECT A 1 OR 2 TO INLICATE FOR WHICH PROGRAM YOU
WISH TO INPUT DATA
1

INFUT TEST NUMEKER
1

DO YOU HAVE TANK DIMENSIONS (Y/N)?
Y

ENTER TANK LENGTH» WIDTHs AND DEFTH IN METEKS
12.19 6.858 13.26

D0 YOU KNOW THE ELOWER FLOW RATE (Y/N)7?
Y

INFUT MEASURED FLOW RATE (M3/MIN)
99.41

ENTER DIAMETER OF RUTTERWORTH OFENING IN METERS
0.305

HOW DO YOU WANT TO CALCULATE HENRY S CONSTANT?
1. HENRY S CONSTANT BY MACKAY S METHOD
2. HENRY S CONSTANT BY DILLING S METHOL
SELECT A 1 OF 2 .
1

INPUT GAMINF, ACTIVITY COEFFICIENT AT INFINITE
DILUTION (CHEMICAL IN WATER)
7.78

INFUT C1y C2y CURVE FIT COEFFICIENTS OF LIOG. DENSITY
AS FUNCTION OF TEMF. XROCHEM(MG/M3) = C14C2%T, T(C)
0.81 -0.1075E-02

ENTER Sy SOLUTE VAFDR SOLURILITY IN MG/LITER
1.0E15

DO YOU KNDW THE FPDSTWASH RESIDUE THIUKNESS AND SOLUTE
CONCENTRATION (Y/N)7?
Y

ENTER RESTIHF THICKNESS. AND_SOLUTE. CONCENTRATION |
35
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0.5 J1E?

ENTER IN ATMOSPHERIC PRESSURE IN MM HG
760

ENTER Ar By C» CHEMICAL VAFOR FRESSURE CONSTANTS
7.158 1231.0 231.8

IS PREVENTILATION VAFOR CONCENTRATION KNOWN (Y/N)7
Y

ENTER CONCENTRATION IN PFPM
0.5E4

ENTER FOR INTEGRATION » TI (INITIAL TIME)s AND DT
(INTEGRATION TIME STEF). DT MUST EKE A WHOLE NUMEER.
TM AND TM+TWORK MUST RE MULTIFLES OF IT.

0.0 2

INFUT VENTILATION TIME, TMy TO MAN ENTRY
14.0

OFTIONS FI3R DURATION OF MAN ENTRY,» TWORK IN MIN.s IS AS
FOLLOWS!
1. BRIEF VISUAL INSPECTION AN ODOR LETERMINATION
WITH CARGO SURVEYOR.
TWORK = 1 - 2 MIN.
2. INSFECT TANK COATINGS ANII MEASURE THICKNESS
TWORK = 15 - 435 MIN.
3. HAND MUCKING OF RESIDUE WITH TOWELS ANL RAGS
(RELATIVELY DIRTY TANK)
TWORK = 90 MIN.
4, SUEEF DEBRIS FROM TANK EOTTOM AND WIFE PUMF SUMF
(RELATIVELY CLEAN TANK)
TWORK = 40 MIN.
9. USER SPECIFIES
SELECT AND ENTER A 1-5 TO INDICATE WORK LESCRIFTION
"

INFUT DURATIONy IN MINUTES, OF MAN ENTRY IN TANK
44

DO YOU KNOW THE VENTILATION TIME-TEMFERATURE [ISCHARGE
HISTORY (Y/N) 7

Y

ENTER NUMBER OF TIME HISTORY VALUES

4

ENTER TIME - TEMPERATURE TABLE:
TABT.M(1) » TARTEM(1)
TABTIM(NUMTAE) » TARTEM(NUMTAR)

000 809

10.0 42.2

40.0 36.6

80.0 34.4

ENTER OCCUFATIONAL EXFOSURE LIMITS (ACGIH)
ALL EXPOSURE LIMITS ARE INFUT IN FPM

DOES THE COMFOUNID' HAVE A CEILING TLV (Y/N)7?
N

INFUT TLVTWA AND TLVSTEL
230...1000.

mee e e i T S R R e I
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ENTER Mr SOLUTE MOLECULAR WT. IN GM/MOLE
58.08

ENTER R2» JET DEFLECTION + WALl JET DISTANCE IN METERS
7.47

It s R AN

INPUT NUMBER OF FOINTS IN EXPERIMENTAL DATA » MAXIMUM
OF 200 POINTS (ENTER O (ZERO) IF NO FOINTS)
14

L Rt
R
A

, INFUT TIME AND CONCENTRATION FOR EACH POINT
i ETIME(1) ’ ECVFFM (1)
. 14 .
ETIME (NUMEXF) 4 ECVPFM (NUMEXF)

0,0 5000. :
. S. 3700,

‘ 10. 2550.
r‘ 15. 1700.
= 200 9800

. 25. 530.
r 30. 310.
3 35. 212,
:,'_ 40, 150,

‘e 45. 90.

h 50. 77,
- 550 560

1 60, 44,

65. 29.

& 1. FPERFORM MINIT CALCULATION

$‘ 2. BYPASS MINIT CALCULATION
p SELECT 1 OR 2

2

WILL BLOWER BE OFERATING DURING TANR ENTRY (Y/N)7
Y
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DENSIMETRIC FROUDE NO. = 787.666

DENSIMETRIC FROUDE NUMBER AT REGINNING

OF VENTILATION 1S GREATER THAN 50s RLOWER CAFACITY
IS SUFFICIENT FOR THE VENTILATING JET TO FENETRATE
THE VAFPOR SFACE ANDII IMFINGE ON THE TANK EOTTOM.
COMPLETE JET FENETRATION ANDI IMFINGEMENT ENSURES
THAT THE VAFOR CONCENTRATION IN THE ULLAGE SFACE
IS HOMOGENOUS AND THAT THE WELL-MIXED MODELING
ASSUMFTION IS VALID. FOR FURTHER DETAILS», CONSULT
REFERENCE 4 OF THE CONTRACT FINAL REFORT.

TT30 -- STOF

>RUN FLTANK

»PIP SCRATCH.DATix/DE

>FIF LP.LST=TANKMO.LAT/RE

»% [0 YOU WANT A HARD COPY OF TANKMO (Y/N) 7 [S1! Y
»PIP LP.LST/SF

>//

»@ <EOF

>

18
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>TYFE TANKMI.DAT
1
1! 0.12190E+02 0.6858B0E+01 0.,13260E402
0.99410E+02 0.50000E+00
0.30500E4+00 0.5808B0E+02
0.10000E+16 0.77800E+01 0.81000E+00-0.10750E-02
0.71580E401 0.,12310E+04 0.23180E+03
0.76000E+03 0.74700E+401
0.10000E+07 0.50000E+04
0.00000E+00 0.14000E+02 0.44000E+02 0.20000E+01
' £

o 0.000 10.000 40.000 80.000
" 8.900 42,200 36.600 34,400
N 2 1
. 14

0.0000 5000.0000
5.0000 3700.0000
10.0000  2550.0000
15.0000 1700.0000
20.0000 980.0000
25.0000 530.0000
30,0000 310.0000
35.0000 212.0000

40,0000 150.0000
45.0000 90.0000
50,0000 77.0000
55.0000 56.0000
60.0000 456.0000
65.0000 29.0000
2y
0.00000E+00 0.,75000E+03 0.10000E+04

>
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DENSIMETRIC FROUDE NO. =

787. 666

DENSIMETRIC FROUDE NUMBER AT BEGINNING

OF VENTILATION IS GREATER THAN 50,

BLOWER CAPACITY

IS SUFFICIENT FOR THE VENTILATING JET TO PENETRATE
THE VAPOR SPACE AND IMPINGE ON THE TANK BOTTOM.
COMPLETE JET PENETRATION AND IMPINGEMENT ENSURES
THAT THE VAPOR CONCENTRATION IN THE ULLAGE SPACE
IS HOMOGENOUS AND THAT THE WELL-MIXED MODELING

ASSUMPTION IS VALID.

FOR FURTHER DETAILS, CONSULT

REFERENCE 4 OF THE CONTRACT FINAL REPORT.

VARIABLE

HEVAL

]

AREA

L

W

D

\
DELTA
coL

S

M
ROCHEM
CAMINF

TLVC
TLVTWA

TLVSTL

wea#des  TEST NO. 1

ONE-TIME OUTPUTS
DESCRIPTION

=1, H(MACKAY); =2, H(DILLING)

BLOWER FLOW RATE

LIQUID SURFACE AREA

TANK LENGTH

TANK WIDTH

TANK DEPTH

TANK VOLUME

RESIDUE THICKNESS

INITIAL SOLUTE CONCENTRATION
SOLUTE BOLUBILITY

SOLUTE MOLECULAR WEIGHT
CHEM. LIQUID DENEITY

INF. DILUT. ACTIVITY COEF.

ATMOSPHERIC PRESSURE
CONVECTIVE EVAPORATION VEL
DIA. OF B/W OPENING

BLOWER JET VELODCITY

7245 PHASE MASS TRANSFER COEFF
JET DEFLECTION REGION (0. 3D)
JET DEFL + WALL JET DIST
LIQUID PHASE MASS TRANSFER COEFF
THRESHOLD LIMIT VALUE, CEILING
THRESHOLD LIMIT VALUE,
TIME-WEIGHTED AVERAGE
THRESHOLD LIMIT VALUE,
SHORT-TERM EXPOSURE L IMIT

L2 22t 4

UNITS

L 2 o 2 L 2

M3/MIN
M2
METER
METER
METER
M3

CM
MG/M3
MG/LITER
eM/MOLE
MG/M3
AL B

MM HG

M/SEC

METER

M/SEC

CM/MIN
METER

METER

CM/MIN
PPM

PPM

PPM

TWORK2 ~ INSPECT TANK COATINGS AND MEASURE THICKNESS

TWORK =

44. 0000 MIN

BLOWER IS ON DURING MAN - ENTRY INTO TANK

40
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RESULT

PS4 1 2

0. 992410E+02
. B3599E+02
. 12190E+02
68580E+01
. 13260E+02
11085E+04
. 50000E+00
. 10000E+07
10000E+16
S8080E+02
80043E+09
. 77800E+01

. 76000E+03
59051E+00
. 30500E+00
. 22677E+02
62324E+01
. 19890E+01
. 74700E+01
. 2B726E+00
. O0000QE+00

. 75000E+03

O O 000000 C0O0 00000000000

. 10000E+04
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TIME(MIN) CV(PPM) CVIME/M3) TEMP (C) PV(MM~-HG) H CL(MG/M3)
oo GAMMA1 KOL (CM/MIN) MDOT (MG/MIN) MEVAP (MG ) Xt1(L1Q@ MOL FRACTIOMN
b
tnt 0. O000E+00 O. SOO0E+04 0. 1256E+05 0. B900E+01 O. 1106E+03 0O. 8B05SE-03 0. 1000E+07
L. 0. 7780E+01 0. 5385E~02 ~0. 5969E+05 0. O000E+00 0. 3111E-C3
hl 0. 2000E+01 0. 4243E+04 0. 1041E+05 0. 1556E+02 0. 1519E+03 0. 11B81E-02 O 1251E+07
; 0. 7780E+01 0. 7177E-02 -0. 4537E+405 -0 5253E+05 0 38Y3E-03
!': 0. 4000E+01 0. 3601E+04 0. B435E+04 0. 2222E+02 0. 2051&+03 0. 1559E-02 0. 1436E+07
0. 7780E+01 0. 9399E-02 -0. 3224E+05 ~0. 9133E+05 0. 4470E-03
0. 6000E+01 0. 30605+04 O 7175E+04 0. 288BE+02 0. 2727E+03 0. 2028E-02 0. 1561E+07
0. 7780E+01 0. 1210E-01 =-0. 2001E+05 ~0. 1175E+06 0. 4859E-03
0. BOOOE+01 0. 2604E+04 ©O. 5973E+04 0. 3554E+02 0. 3576E+03 0. 2601E-02 0. 1629E+07
0. 7780E+01 0. 1535E-01¢ ~-0. 8565E+04 ~0. 1317E+06 0. 5S071E-03
0. 1000E+02 0. 2221E+04 0. 4988E+04 0. 4220E+02 0. 46R27E+03 0 3295E-02 0. 16448E+07
0. 7780E+01 0. 1916E-01 0. 20B4E+04 -0. 1350E+06 0. 5118E-03
0. 1200E+02 O.1857E+04 0. 417SE+04 0. 4183E+02 0. 45462E+03 0. 3252E-02 0. 1626E+07
0. 7780E+01 0. 1893E-01 0. 5412E+04 ~0. 1312E+046 0. 5061E-03
0 1400E+02 0. 155SE+04 0. 3501E+04 0. 4145E+02 0. 4498E+03 0. 3211E-02 0. 1593E+07
0. 7780E+01 0. 1871E-01 0. 786BE+04 =0. 1246E+06 0. 4961E-03
0. 1600E+02 0. 130SE+04 0. 2941E+04 0. 4108E+02 0. 4435E+03 0. 3149E-02 0. 1551E+07
0. 7780E+01 0. 1848E-01 0. 9633E+04  ~0. 115BE+06 0. 4830E-03
0. 1800E+02 ©O. 1097E+04 (0. 2473E+04 ©O.4071E+02 0. 4372E+03 0. 3128E-02 0. 1502E+07
0. 7780E+01 0. 1826E-01 0. 1085E+05  ~0. 1056E+06 0. 4677E-03
0. 2000E+02 0. 923BE+03 0. 2087E+04 0. 4033E+02 0. 4310E+03 0. 30B7E-02 0. 144BE+07
0. 7780e+01 0. 1803€E--01 0. 1164E+05 —0. 9433E+05 0. 4508E-03
0. 2200E+02 0. 7799E+03 0. 1764E+04 0. 3996E+02 0. 424%9E+03 0. 3047E-02 0. 1391E+07
0. 7780E+01 0. 1781E-01 0. 1210E+05 -0. 8248E+05 0. 4331E-03
0. 2400E+02 0. 6400E+03 0. 1495E+04 0. 3939E+02 O 418BE+03 0. 3007E-02 0. 1333E+07
0. 7780E+01 0. 1799E~01 0. 1229E+05  —0. 7029E+05 0. 4149£-03
0. 2600E+02 0. S399E+03 0. 1270E+04 0. 3921E+02 0. 412BE+03 0. 2968E-02 0. 1274E+07
0. 7780E+01 0. 1738E-01 0. 1229E+05 -~0. 5799E+05 0. 3965E-03
,k 0. 2B00E+02 0. 47463E+03 O 1081E+04 0. 3884E+02 O. 4049E+03 0. 2929E-02 0. 1215E+07
b 0. 7780E+01 0. 1716E-01 0. 1214E+40°5 —-0. 4577E+05 0. 3783E-03
:' 0. 3000E+02 O. 4064E+03 0. 92346E+03 0. 3847E+02 0. 4011E+03 0. 2690E-02 0. 1158E+07
. 0. 7780E+01 0. 1695E-01 0. 1188E+05 -0. 3376E+05 0 3604E-03
- 0. 3200E+02 0. 3477E+03 0. 7913E+03 0. 3B09E+02 0. 3953E+03 0. 2852E-02 0. 1102E+07
= 0. 7780E+01 0. 1674E-01 0. 1154E+05 -0. 2205E+05 0. 3429€-03
F ¢
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ERRAERS et

.

TIME(MIN)

0. 3400E+02

0. 3600E+02

0. 3800E+02

0. 4000E+02

0. 4200E+02

0. 4400E+02

0. 4600E+02

0. 4800E+02

0. 3000E+02

0. S200E+02

0. 5S400E+02

0. 5600E+02

0. 5800E+02

CV(PPM)
CAMMAL

CVY(MG/M3)

KOL (CM/MIN)

TEMP (C)

PV (MM=-HG)
MDOT(MG/MIN)

0. 2985E+03 0. 6BOIE+03 0. 3772E+02 O 3896E+03

0. 7780E+01

0. 1653E-01

0. 1114E+05

0. 2571E+03 0. 5865E+03 0. 3735E+02 O 3B640E+03

0. 7780E+01

0. 1632€E-01

0. 1070E+05

0. 2IQ2E+03 0. 5074E+03 0. 3497E+02 O 378B4E+03

Q. 7780E+01

0. 1612E-01

0. 1024E+0%

0 1927E+03 0. 4406E+03 0. 3660E+02 O 3729E+03

0. 7780E+01

0. 1591E-01

0. 9770E+04

0. 1679E+03 0. 3841E+03 0. 3649E+02 0O 3713E+03

0. 7780E+01

0. 7780E+01

0. 7780E+01

0. 7780E+01

0. 7780E+01

0. 77680E+01

Q. 7780E+01

0. 7780E+01

0. 7780E+01

. B898BE+02 O. 2039E+03

0. 1585E-01

0. 1579E-01

0. 1574E-01

0. 19568E-01

0. 1562E-01

0. 1336E-01

0. 1330E~01

0. 1544E-01

0. 1538E-01

0. 9395E+04

. 14869E+03 0. 3362E+03 O 3463BE+02 0. 3697E+03

0 9007E+04

. 1291E+03 0. 29%6E+03 0. 3627E+02 0. 3681E+03

0 B612E+04

. 1140E+03 0. 2609E+03 0. 36186E+02 0. 3665E+03

0.82.7E+04

- 1010E+03 0. 2313403 0. 3605E+02 0. 3649E+03

0. 7B26E+04

. 2%594E+02 0. 3633E+03

0. 7442E+04

. BO32E+02 0. 1841E+03 0. 3583E+02 O.3617E+03

0. 706BE+04

. 7206E+02 ©O. 1652E+03 0. 3572E+02 0. 3601E+03

0. 6705E+04

. &490E+02 0. 1489E+03 0. 3541E+02 0. 3586E+03

0. 6353E+04

H
MEVAP (MG)

2B814E-02
. 1072E+05

. 2777E-02
. 2025€E+03

. 2740E-02
. 1067E +05

OO0 OO0 OO0

2703:z-02
. 20682+05

. 2692E-02
. 3026E+05

. 2682E-0=2
. 3946E+05

o0 00 ©O

. 2671E-02
. 4827€+05

. 2660E-02
S5649E+05

2650E-02
. 6471E+05

. 2639E-02
. 72R3E+05

. 2629E-02
. 7960E+05

. 2618E-02
. B64BE+0S

. 2608E-02
. 9301E+05

0 OO0 OO0 OO0 ©OO0 OO0 OO0

CL(MG/M3)

X1(LIG M™MOL FRACTION)

0. 104BE+C7

0 3260E-03

9954E+06
0 3097£-03

. QA45S3E+06

0 2941E-03

. B974E+06

0 2792e-03

. B515E+06

0. 2649E-03

. BO75E+06

0. 2512E-03

. 7653E+06

0. 2381E-03

. 7251E+06

0. 2256E-03

. &BG7E+06

0. 2136E-03

. 4502E+06

0. 2022E-03

. 6155E+06

0. 1914E-03

. 5825E+06

0. 1812E-03

. 5513E+06

0. 1715E-03

e
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EVALUATION OF VAPOR CONCENTRATIONS DURING MAN-ENTRY

TANK IS ENTERED AT TIME = 14 Q0 MIN
TANK IS EXITED AT TIME = 58. 0 MIN

PREDICTED INSTANTANEOUS EXPOSURE CONCENTRATIONS EXCEED THE TLV-STEL

TIME (MIN) CONCENTRATION (PPM)
14. 00 1555. 1 HAZARDOUS WORKING CONDITI
16. 00 1304. 7 HAZARDOUS WORKING CONDITI
18. 00 1096. 7 . HAZARDOUS WORKING CONDITI

PREDICTED AVERAGE IN-TANK EXPOSURE AS MEASURED BY A DOSIMETER =

DOSIMETER MONITORING WOULD INDICATE THAT THE

AVERAQE IN-TANK EXPOSURE IS ACCEPTABLE AND

DOES NOT EXCEED THE TLV-STEL FOR THIS CHEMICAL VAPOR.
HOWEVER. INSTANTANEOUS CONCENTRATIONS DO

EXCEED THESE LIMITS. REAL TIME MEASUREMENTS

OF VAPOR CONCENTRATION MAY BE INDICATED.

PREDICTED El1OHT-HOUR TIME WEIQHTED AVERAQE EXPOSURE = 38. 39 PPM
MONITORING WOULD ALSC INDICATE THAT THE

EXPOSURE 16 ACCEPTABLE WITH RESPECT TO THE
TLV-TWA.

43
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o The graph presents a visual display of the calculated
and experimental vapor concentration-time histories
at the ventilation discharge from the tank, ‘lhe
reversal of}' solute absorption to cvaporation produces
a smooth tr}nsitlon in the C(t) history at approximately

10 minutes Into gas freeing.

b

E. 0 In this example, mass transfer between liquid and vapor

g phases is controlled by the vapor phase. The liquid
phase offers little resistance to mass transfer. That is,

l/kz << 1/(Hkg) and l/KOL = 1/(Hkg),

1/kOL = total resistance to mass transfer
l/k1 = liquid phase resistance
1/(Hkg) = vapor phase resistance

,x‘...Lirr

II.3 Elements of Program TANKP

I1.3.1 Model Description Summary

The TANKP model is based on the numerical integration of an

' 'TTﬁﬂij.j."
LT S

inhomogeneous, ordinary, time-dependent differential equation for the con-

servation of chemical mass in the vapor space. The inhomogenity is a source

." -

term that represents mass addition to the vapor space as a result of

evaporation of pure chemical residues from the tanks walls and tank bottom.

LI e g
L

Tank vapor concentration is the dependent variable.

A mass balance in the vapor phase yields

Parn o 4 e Jam)
B
I: . '

-V-%t:-=r'nc— CQ (13)
& i
- where ¥ = tank volume
L C = mass concentration of vapor in air
N Q = blower flow rate
Y .G = Instantaneous, total evaporation rate of pure

chemical from residual films on the tank walls

and bottom.

TR |
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As in the TANKM program, this conservation of mass ftormulation assumes

that the contents of the vapor space are well-mlxed so that vapor con-
centrations are uniform in space. A conscquence of this assumption fis
that the local air velocity over the tank internal surtaces,; and residual

chemical films, Is constant.

The evaporation rate model for hc is based on Reference
12, Gray's model for the evaporative flux of vapor from an element of

liquid surface is expressed by the following equation.

dm _ DMPV (14)
dA RTGF
where m = local mass evaporation rate

A = local element of liquid surface area

D = diffusion coefficient

M = molecular weight

Pv = vapor pressure of chemical film corresponding to the
local wall temperature or tank bottom temperature

= Universal gas constant

TG = temperature of in-tank vapor space, assumed equal
to temperature of vapor discharged from tank during
gas freeing

F = thickness of stagnant interface film that exists

between the residual chemical layer and the air

flow over the liquid layer

Equation 14 assumes that the driving force for evaporation is the chemical
vapor pressure, i.e. Pv>> partial pressure of vapor in the tank atmosphere.

The analytical expression for diffusion coefficient is

0.425 1,'2
D = ’1/? (15)
P(MT, /G)™" "
b
where Tb = chemical boiling point at atmospheric pressure
G = liquid surface tension
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4
Finally, ar. empirical film thickness as described by Cray is

( 0.625 sCO°3 (16)

1/F = 0.217 § =0.9 (s )
C C

wn
"

where Schmidt number, v/D

<
H

kinematic viscosity of air |

effective air velocity over the liquid surfaces

The effective air velocity, U, that is contained in

EAAnd ~ (R
[and
It

Equation 16 is identical to the velocity UWIND that is used in the

TANKM model. The assumptions and equations that are used in calculating

this velocity are the same in both cases. Consequently, the user is

referred to Section II.2 for details concerning the model for U.

The modeling assumptions permit the local evaporation
process to be decoupled from the ventilation process in the sense that

local evaporation flux rates can be integrated over the liquid surface

{
2
»
N
9

areas to obtain an ﬁG(t) history for numerical input to Equation 13, The

elements of this integration operation are presented below.

1. The thickness TFILM of chemical residue is the same
on all vertical tank walls but may differ from the

residue thickness TPOOL on the tank bottom.

2. Opposite pairs of parallel tank walls have a common
variation in wall (and residue) temperature with tank
depth., Port-starboard walls may have a temperature

profile that differs from the fore-aft walls,

3. The local evaporation flux on a given wall is constant
over a wall depth increment DY and strip width of

either L or W and reflects local wall temperature.

4. The local evaporation rate is constant for all times

less than or equal to T,

T =

0 Er LM oF/(dh/dA) a7

A

- e m a_a_ . aA_manatiald



where 1. = local evaporation time
p = pure chemical densfty |

Local evaporation ceases for tlme preater than ¢ .
5. Statements similar to jtems 3 and 4 apply to the tank

bot tom,

6. Evaporation flux profiles are then integrated using
Simpson's Rule over the tank depth (Y = 0 to ¥ = H)
subject to the local time constraints in Item 4 to
yield evaporation rate-time profiles on the vertical

walls.

7. The evaporation rate on the tank bottom is calculated
by multiplying Fquation 14 by the tank planform area,
IW. The corresponding evaporation time TB is calcu-

lated using the equivalent form in Equation 17,

8. Using time as an indicator, total evaporation rate is

calculataed

f () = o (0) + 2 (ﬁlHL(t) + ﬁlnw(c)),

(18)
t=t tot
0 f
9. 'The hr and time vectors are stored internally for use
in Equation 13. The value of ﬁc corresponding to
s integration time, t, is obtained by table lookup and
%ﬂ interpolation, if needed.
I11.3.2 Input Data Requirewments
Table 111 describes the input data requircments and control
&
- variables for TANKP in the scquence that they will be requested of the

user by the interactive driver PRETNK. The majority of the inputs to

TANKP are in metric units. Two exceptions are the curve fit constants

Default options and the PRETNK subroutines that control default input

i: for chemical density and viscosity of air, which refleet tnglish units.
¢

&

s are indicated wherc applicable, A discussion of the default options and
!
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any additional user-supplied default information is presented in Section
I1.3.3. The next section also includes discussions of other subroutines
that have an input control function (with options) but are not default
routines. Some of the PRETNK subroutines are common to both TANKM and
TANKP. 1In these instances, Section I7,3.3 will refer the reader to a

discussion of that subroutine in Section [[.2,3.

Interactive input is stored in a PRETANK data file, TANKPI,

in a format that is compatible with the input requirements of TANKP,

I1.3.3 Default Options

This section describes the input default options that are
available in TANKP, and they are presented below in the order that each
default subroutine would be called from PRETNK. The location of these
calls in the input sequence is noted in the COMMENT column of Table III.
Where default options are common to TANKM, the reader is referred to

Section 11.2.3.

Subroutine TKDIM

See Se.tion II.2.3.

Subroutine BLOWER

See Section II.2.3

Subroutine CHEMRS

The objective of this subroutine is to provide the user with options
that lead to calculation of a default value for TPOOL, the thickness of
residual pure chemical on the tank bottom after product discharge. Two
default options are presented for the residual volume of pure chemical on
the tank bottom; these options for VRES are 0.2 and 5.0m3. Note that
these options are the same as are contained in subroutine POSTWH for the
TANKM model. The rationale for these values 1s the same in both cases
and is contained in Section 1I.2.3 and the POSTWH subroutine. Following
selection of the default VRES, the residual thickness TPOOL is calculated.

TPOOL = VRES/(LW)

53




Subroutine TKWAIIL

This subroutine contins twe dotaal. options tor the chemical
film thickness TFTIM on the tanlr walls prior to begianing of ventilation.
The following default values were calculated usiug the film estimation
method in Reference 9, which includes the effect ot product discharge

ullage rate and kinematic viscositv.

Option 1. TFILM = 3.9E-03 CM for kinematic viscosities
of the order of 200E-06 M2/sec.

Option 2. TFILM = 0.11E-03% CM for kinematic visocities

approaching 15E-06 M2/sec.

These options &¢re based ot a product discharge rate of 200 MT/hr at a
nominal cargo specific gravity of 1.0, Tank length and width have a

relatively minor affect on the calculated film thicknesses.

The smaller of the two film thicknesses would be applicable to the
bulk of the pure chemicals that do not require heating during shipment
and discharge. The larger film thickness would be appropriate for a
smaller group of viscous, heated cargoes. The user may perform a separate
hand calculation and input TFILM for a specific cargo and discharge

temperature,

Subroutine PREVNT

See Section T11.2.3

Subroutine VIWORK

L See Section II.2.3

- 11.3.4 Program Output

i. Execution of the TANKP program includes the same two generic
N output operations that are performed in TANKM rums.

5 Operation 1. - Transfer of input data from the TANKPI

@ data file in PREINK to TANKP. The out-

;v: put format in TANKPI is compatible with

X ; the input format in TANKP,
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Operation 2, - The results of program excceution are

o

output to a printer by TANKP,

The details of each output operation are presented below.

5 iv i drdrtsd

I1.3.4.1  TANF™I Output

b
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The TANKPI output statements are duplicated

below. Each WRITE statement contains an ordered pair of numbers in

parentheses. The first number, 2, creates the TANKPI data file, and
the second integer refers to the appropriate FORMAT number. Format

numbers 2, 3 and 8 are not shown because they are common to the TANKMI

[‘ output file,
{
S
- WRITE(2, 2) TESTWD
Ei WRITE(2,9) L. W, D, M, PA, TB, G, R, STEP, A, B, C, C1,
1 o2
. LRITE(2, 9) DELTA, EPSILN, PHI
9 FORMAT (&E12. &)
WRITE(2, 10) NSTEP
10 FORMAT (14)

WRITE(2,9) COV, Q, TFILM, TPOOL, TGAS. DIA, RZ

WRITE(2:, ) ALPHA, BETA, GAMMA

LRITE(2,9) ZETA, ETA, THETA

URITE(2, 6) NUMEXP 3

IF (NU;EXP CJHEL 0) WRITE(2,7) (ETIME(I), ECVYPPM(I), I=1, NUIMEXP)

WRITE(2,?) TI, TM, TWORK, DT

WRITE(2,3) TLYC, TLVTWA, TLVETL
WrRITE(2,8) ITWORK, IBLOW

IT.3.4.2 TANKP Qutput

TANKP produces nine blocks of output information,

BLOCK 1 - This block prints out selected pieces of input or default data.

The format of this printout is shown on the next page.
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VARIABLE

<TEr

co

T

TB

ICO

TFILM
TPOOL

TLVC
TLVTWA

TLVSTL

L. R XK. ]‘EST NO- L X X X 3
COMMON TANK PARAMETERS
DESCRIPTION UNITS RESULT
TANK LENGTH M
TANK WIDTH : M
TANK HEIGHT M
TANK VOLUME . M
INITIAL CONCENTRATION MG/M3
VENTILATION RATE M3/MIN
TOHNK PRESSURE MM HG

LIQUID BOILING POINT K

LIQUID SURFACE TENSION DYNES/CM
Wall AIR VELOCITY CM/SEC
LIQUID MOLECULAR WEIGHT CM/MAOLE
FILM THICKNESS ON WALLS cM

FILM THICANESS ON B0GTTOM CM
THRESHCLD LIMIT VALUE., CEILING PPHM
THRESHOLD LIMIT VALUE,

TIME-WEIGHTED AVERAGE PPM
THRESHOLD LIMIT VALUE,

SHORT-TERM EXPOSURE LIMIT PPM

BLOCK 2 - This block contains three entries.

l.

TWORKN - Statement defining the user selected in-tank

work activity (N = option selected).
TWORK - Duration of the in-tank work, min.

Statement defining blower status (on or off) during

tank entry.

BLOCK 3 ~ Block 3 displays the numerical values for nine variables that

relate to the chemical evaporation process on the tank bottom.

SUMMARY OF TANX BOTTOM RESULT

QUANTITY

FLOOR TEMPERATURE(K)

VAPOR PRESSURE (MM HG)

DIFFUSION COEFFICIENT(CHM2/8EC)
KINEMATIC VISCOSITY OF AIR(CM2/GEC)
SCHMIDT NUMBGER

RHOF (GM/CM3)

MDOTAZ (GM/CM2-SEC)

TAUB (SEC)

1/F(CMe%-1)

7‘6
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BLOCK 4 - This block tabulates eight wall-film chemical quantities and
their variation with depth from tank top to tank bottom, The table applies
to tank walis that arc parallel to the X=Y planc. AU o plven depth, Y,
into the tank, local values of the clght quantitics are assumed to be
constant over a distance increment DY. Thesce local quantities and their

units are:

TEMP (K) - Wall Temperature

MDOTXY (GM/CM2-SEC) ~ Evaporation flux

TAUXY (SEC) - Time to evaporate TFILM
D(CM2/SEC) - Diffusion coefficient
NU(CM2/SEC) - Kinematic viscosity of air
PV(MM HG) - Chemical vapor pressure

SC (dimensionless)

Schmidt number, NU/D
1/F(cm-1) - Reciprocal of film thickness at

surface of evaporating liquid

Note, that this_ table is presented in the output even though the ventilation

scenario may nct contain a film on these tank walls,

BLOCK 5 - This block is identical in format and content to BLOCK 4 and
pertains to the two remaining tank walls that are parallel to the Y-Z

plane.

BLOCK 6 - BLOCK 6 presents a tabulated time history of the calculated

tank vapor concentrations and other informational quantities.

CONCENT(PPM) - Tank vapor concentration

c/co ~ Ratio of instantaneous to initial
tank concentration

QT/vV - Cumulative tank turnovers or air

exchange at time t

MDOTG (GM/SEC) Instantaneous, integrated chemical
evaporation rate from all affected

surfaces
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MDOTHL (GM/SEC) ~ Instantaneous, integrated evaporation

rate from walls parallel to tank length

MDOTRHW (GM/SEC) - Same as MDOTHL but for walls parallel
to tank width
MDOTB (GM/SEC) ~ Chemical evaporation rate from the tank
bottom
Note that
s oo g . + 3
“c ~ g 2(‘“nL ”Hw) (19)

BLOCK 7 - BLOCK 7 summarizes in tabular form the vapor concentration-time

history in the tank during the period of time specified by TWORK., If the
blower ON option was selected, then concentration should decrease with
time. The calculated concentrations are assessed relative to the TLV-C
and the TLV-STEL, and if these levels are excreded, "Hazardous Working

Conditions'" are indicated.

BLOCK 8 - 1If the TLV-C and TLV-STEL ‘interpreted as an MAC) are not

exceeded at any time during TWORK, then the in-tank CV(PPM) profile is
integrated to yield the average exposure concentration, which is an out-
put quantity. The &-~hour TWA exposure is calculated and compared to the

TLV=-TWA, and the results are displayed in the output.

BLOCK 9 -~ BIOCK 9 is a computer-generated graph of the calculated gas free-

ing concentration~time history and includes plotted experimental data if

input by the user.

[T.3.5 Hazard Assessment

The hazard assessment logic that is programmed into TANKP

is didentical to the logic in TANKM as described in Section I7.2.5.

As in TANKM, the asgessment is based on the ACGIH Threshold
Limit Values in Reference 1i. When time weighted average exposures are
calculated, they are referenced to an 8~hour work day because the TLV-TWA

is based on this work schedule, i.e. eight hours on followed by 16 hours off,
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In the future, on-going research efforte may provide guidance on adjustments
to the 8-hour TLV-TWA for maritime work schedules, e.g. & on-8 off or 6 on-
6 off, If adjustments are indlcated, they can be incorpurated with minor

programming modifications.

I1.,3.6 Example of TANKP

This example demonstrates the use of the TANKP model for a
tank that had carried ethyl acetate and was ventilated without an initial
washing. The TANKM example contained five elements of hard copy. These
same elements, which pertain to the TANKP run, are included in this

example.

Comments concerning this TANKP example are presented

below.
o This example represents a test that was conducted in

a small barge-size tank with dimensions of 3.7m x

3.7m x 3.7m.

o A 90-minute ventilation period preceeded a 1l5-minute

in-tank work activity,

o In this example, the residual chemical is on the tank

bottom, the walls do not have a residual film,

o The output data indicate that the vapor concentration
rose initially, and then declined to a steady-state
or constant value, This constant level represents
an equilibrium between the rate of chemical evaporation
and the vapor discharge rate. According to the model
formulation, the plateau would extend to 539 min
(TAUB), which would signify the termination of evapora-
tion. If the program had been run beyond that time,

concentration would have fallen exponentially.

o The majority of the chemicals that are shipped by water
have either a TLV-C or a TLV-TWA and a TLV-STEL. A
small group of chemicals that includes ethyl acetate
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TANKP EXAMPLE
SRUN PRETNK

PROGRAM FRETNK 1S AN INTERACTIVE FROGRAM DESIGNEL: FOR
THE USER TO EASILY INFUT DATA COMFATIELE FOR FROGRAM
TANKM OR TANKF

1. TANRM - FRDGRAM THAT CALCULATES THE CONCENTRATION-
TIME HISTORY OF CHEMICAL VAFORS LISCHARGED
FROM A TANK DURING DILUTION VENTILATION IN
THE FRESENCE OF CHEMICAL SOLUTE EVAFORATION
FROM AN AQUEOUS SOLUTION OF RESIDUAL CARGO
ON THE TANK FLOOR.

2. TANKF - PROGRAM THAT CALCULATES THE CONCENTRATION-
TIME HISTORY OF CHEMICAL VAFOR DOISCHARGED
FROM A TANK DURING DIILUTION VENTILATION IN
THE PRESENCE OF EVAFORATION OF FURE
CHEMICAL RESIDUES FROM THE TANK WALLS ANI
FLOOR. :

SELECT A 1 OR 2 70 INDICATE FOR WHICH FROGRAM YOU
WISH TO INFUT DATA
nd

<~

INPUT TEST NUMBER
26

[0 YOU HAVE TANK DIMENSIONS (Y/N)7?
Y

ENTER TANK LENGTH, WIDTH» AND TEFTH IN METERS
J:66 .66 3.66

Nno YOU KNOW THE. BLOWER FLOW RATE (Y/N)7?
Y

INFUT MEASURED FLOW RATE (M3/MIN)

S5.126

ENTER DIAMETER OF RBUTTERWORTH OFENING IN METERS
+1016

THE FROGRAM ASSUMES THAT THE VESSEL TRIM ANGLE IS
REDUCED TO ZERO AFTER DISCHARGE AND THE CHEMICAL
RESIDUE IS UNIFORMLY DISTRIRUTED OVER THE TANK EOTTOM
DURING GAS FREEING.

DO YOU KNOW THE THICKNESS OF THIS CHEMICAL RESIDUE ON
THE TANK BOTTOM AFTER DISCHARGE (Y/N)7?
Y

INPUT TPOOL» THE THICKNESS OF LIQUID LAYER ON TANK
ROTTOM» IN CHM

1.2

1S THE FILM THICKNESS ON THE TANK WALLS KNOWN(Y/N)7?
Y

INFUT THE FILM THICKNESS, TFILMr IN CHM.
0.

- —
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ENTER IN ATMOSFHERIC PRESSURE IN #MM HG
760.

ENTER As By C» CHEMICAL VAFDR PRESSURE CONSTANTS
7.10179E00 1.244951E03 0.217881E03

IS PREVENTILATION VAFOR CONCENTRATION KNOWN (Y/N) 7
Y

ENTER CONCENTRATION IN PFM
+23692ES

ENTER FOR INTEGRATION » TI (INITIAL TIME)» AND DT
(INTEGRATION TIME STEF). DIT MUST BE A WHOLE NUMEER.
TM AND TM+TWORK MUST BE MULTIFLES OF OT.

0.0 1.0

INPUT UENTILAT%ON TIME, TMs» TO MAN ENTRY
?0.

OFTIONS FOR DURATION OF MAN ENTRY, TWORK IN MIN.» IS AS
FOLLOWS:
1. BRIEF VISUAL INSPECTION AND ODIOR DETERMINATION
WITH CARGO SURVEYOK.
TWORK = 1 - 2 MIN.
2. INSFECT TANK COATINGS AND MEASURE THICKNESS
TWORK = 15 - 45 MIN.
3. HAND MUCKING OF RESIDUE WITH TOWELS AND RAGS
(RELATIVELY DIRTY TANK)
TWORK = 90 MIN.
4. SWEEP DEBRIS FROM TANK EOTYTOM AND WIFE FPUMF SUMF
(RELATIVELY CLEAN TANK)
TWORK = 40 MIN.
S. USER SPECIFIES
SELECT AND ENTER A 1-5 TO INDICATE WORK DESCRIPTION
-

INPUT DURATIONs IN MINUTESy OF MAN ENTRY IN TANK
15.

ENTER VAFOR TEMFERATUREs TGAS,» IN DEGREES KELVIN
DURING GAS FREEING. SINCE THE TANK WILL NOT EE
WASHED» AN ISOTHERMAL VENTILATION FROCESS IS5 ASSUMED
284.7

ENTER OCCUPATIONAL EXPOSURE LIMITS (ACGIH)

ALL EXFOSURE LIMITS ARE INFUT IN FFM
DOES THE COMPOUND HAVE A CEILING TLV (Y/N)?
N

INFUT TLVTWA ANLD TLVSTEL
400 400

ENTER M, SOLUTE MOLECULAR WT. IN GM/MOLE
88.1

ENTER R2y JET DEFLECTION + WALL JET DISTANCE IN METERS
2.71
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INFUT NUMBEK OF FOINTS IN EXPERIMENTAL LATA » MAXIMUM
OF 200 POINTS (ENTER O (ZERO) IF NO FOINTS)

10
INFUT TIME AND CONCENTRATION FOR EACH FOINT
ETIME (1) ’ ECVFFPM(1)
* y .
ETIME (NUMEXF) ’ ECVFPM{NUMEXF)

0.0 23692,
0.5 22118,
5.0 208%0.
11.5 17894,
16.0 17050.
26.0 15360,
39:0 14899.
64.0 14899,
89. 14054.
114.0 13600,

ENTER TR, CHEMICAL BOILING FOINTy DEG K.
350

ENTER IN Gs CHEMICAL SURFACE TENSION, DYNES/CM AT 20
DEG C

25.4

ENTER Ry UNIVERSAL GAS CONSTANT (CM3-MM HG) / (MOLE-K)
+6235BES

E4TER Cl» C2y CUR/E FIT COEFFICIENTS ON LTIQUID DENSITY
AS A FUNCTION OF TEMFERATURE
59.093 -0.433E-01

ENTER ALFHA» BRETAs. GAMMAs CURVE FIT COEFFICIENTS ON WALL
TEMFERATURE FOR WALLS PARALLEL TO X-Y FLANE IN M
28.02E1 0.0 O.v

ENTER ZETA» ETA» THETAr CURVE FIT COEFFICIENTS ON WALL
TEMPERATURE FOR WALLS FARALLEL TO THE Y-Z FLANE IN M.
28.,02E1 0.0 0.0

ENTER DELTAs EFSILN» FHIs» CURVE FIT COEFFICIENTS FOR
KINEMATIC VISCOSITY OF AIR (FT2/SEC) AS A FUNCTION OF
TEMF(F) AT ATMOSFHERIC FRESSURE.

+1k86714E-3 0.657143E~6 0.0

ENTER STEFs NUMRER OF SUERDIVSIONS OF H» DY=H/STEF
10

ENTER NSTEP» INTEGER VALUE OF STEF
10

WILL BLOWER BE OPERATING DURING TANK ENTRY (Y/N)7?
Y
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>RUN TANKF
DENSIMETRIC FROUDIE NO. = 64,022

DENSIMETRIC FROUDE NUMBER AT BEGINNING

OF VENTILATION IS GREATER THAN 50. EBLOWER CAFACITY
IS SUFFICIENT FOR THE VENTILATING JET TO FENETRATE
THE VAFPOR SFACE AND IMFINGE ON THE TANK ROTTOM.
COMPLETE JET FENETRATION AND IMFINGEMENT ENSURES
THAT THE VAFOR CONCENTRATION IN THE ULLAGE SFACL
IS HOMOGENOUS AND THAT THE WELL-MIXED MODELING
ASSUMPTION IS VALIDI. FOR FURTHER DETAILS» CONSULT
REFERENCE 4 OF THE CONTRACT FINAL REFORT.

TY30 -~- STOF

#RUN FLTANK

*FIF SCRATCH.DAT#%/DE

>FIF LF.LST=TANKFOD.LAT/RE

>% DO YOU WANT A HARD COFY OF TANKFO (Y/N) 7 [S2: Y
»PIF LF.LST/SF

=1/

>@ <EOF.
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*TYPE TANKFI.DAT
26

+366000E+010.366000E4+010.,366000£4+010,881000E+020.,760000E+030.350000E+03
+254000E+020,623580E+050,100000E+020.710179E+010,124495E+040.217881E4+03
+5P0930E+02-,433000E-01

+116714E-030.657143E-060.000000E400
10

+2346920E+050.512600E4010.000000E4+000.120000E4010.284700E+030,101600E+00
«+271000E+401

+280200E4+030.000000E4000.,000000E+00

+280200E+030.000000E+000.000000E+00
10
0.0000 23492.0000
0.5000 22118.0000
5,0000 208%90.0000
11,5000 17B%4.0000
16.0000 170%0.0000
26.0000 153460.,0000
39.0000 14899.0000
64,0000 14899.0000
89.0000 14054.0000
114.0000 13600.0000

«000000E+000.200000E4020.150000E+020.100000E+01
D.00000E4+00 0.40000E+03 0.40000E+4+03
2Y
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64. 022

DENSIMETRIC FROUDE NUMBER AT BEGINNING

OF VENTILATION IS QREATER THAN 50. BLOWER CAPACITY
IS SUFFICIENT FOR THE VENTILATING JET TO PENETRATE
THE VAPOR SPACE AND IMPINGE ON THE TANK BOTTOM.
COMPLETE JET PENETRATION AND IMPINGEMENT ENSURES
THAT THE VAPOR CONCENTRATION IN THE ULLAGE SPACE
IS HOMOGENOUS AND THAT THE WELL~MIXED MODELING

ASSUMPTION IS VALID.

FOR FURTHER DETAILS, CONSULT

REFERENCE 4 OF THE CONTRACT FINAL REPORT.

#ner  TEST NO. 26 wERER
ONE-TIME OUTPUTS

VARIABLE DESCRIPTIDN UNITS
L TANK LENGTH M
W TANK WIDTH M
H TANK HEIGHT M
Vv TANK VOLUME M
co INITIAL CONCENTRATION MG/M3
Q VENTILATION RATE M3/MIN
P TANK PRESSURE MM HG
B LIGUID BOILING POINT K
G LIQUID SURFACE TENSION DYNES/CM
U WALL AIR VELOCITY CM/SEC
M LIQUID MOLECULAR WEIGHT GM/MOLE
TFILM FILM THICKNESS ON WALLS cM
TPOOL FILM THICKNESS ON BOTTOM CcM
TLVC THRESHOLD LIMIT VALUE, CEILING PPM
TLVYTWA THRESHOLD LIMIT VALUE,

TIME~WEIGHTED AVERAGE PPM
TLVSTL THRESHOLD LIMIT VALUE.

SHORT-TERM EXPOSURE LIMIT PPM

TWORK2 ~ INSPECT TANK COATINGS AND MEASURE THICKNESS

TWORKE = 15. 0000 MIN.

BLOWER IS ON DURING MAN’S ENTRY

SUMMARY OF TANK BOTTOM

QUANTITY RESULT
FLOOR TEMPERATURE (K) 280. 2
VAPOR PRESSURE (MM HG) 36.9
DIFFUSION COEFFICIENT(CM2/SEC) 0. 0771
KINEMATIC VISCOSITY OF AIR(CM2/SEC) 0. 1355E+00
SCHMIDT NUMBER . 1.7576
RHOF (GM/CM3) 0.917
MDOTXZ (@M/CM2-SEC) 0. 3403E~-04
TAUB (SEC) 32324. 9
1/F(CM#%~1) 2.411

65
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RESULT
3.
3.

3.
49.

S.
760.
350.

25.
29.
88. 10

0. 00

1. 20
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0. O0000E+00
0. 40000E+03

0. 40000E+03
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EVALUATION OF VAPOR CONCENTRATIONS DURING MAN-ENTRY

TANK 1S ENTERED AT TIME = <90.0 MIN
TANK IS EXITED AT TIME = 105 . O MIN

PREDICTED INSTANTANEOUS EXPOSURE CONCENTRATIONS EXCEED THE TLV-STEL
TIME (MIN) CONCENTRATION (PPM)
90. 00 14140.4 HAZARDOUS WORKING CONDITIONS
?1. 00 14140. 3 HAZARDOUS WORKING CONDITIONS
92. 00 14140. 2 HAZARDOUS WORKING CONDITIONS
?3. 00 14140. 1 HAZARDOUS WORKING CONDITIONS
?4. 00 14140.0 HAZARDOUS WORKING CONDITIONS
95. 00 14140.0 HAZARDOUS WORKING CONDITIONS
96. 00 14139. 9 HAZARDOUS WORKING CONDITIONS
97. 00 14139. 9 HAZARDOUS WORKING CONDITIONS
98. 00 14139. 8 HAZARDOUS WORKING CONDITIONS
99. 00 14139. 8 HAZARDOUS WORKING CONDITIONS
100. 00 14139. 7 HAZARDOUS WORKING CONDITIONS
101. 00 1413%9. 7 HAZARDOUS WORKING CONDITIONS
102. 00 1413%9. 7 HAZARDOUS WORKING CONDITIONS
103. 00 14139. 6 HAZARDOUS WORKING CONDITIONS
104. 00 1413%9. 6 HAZARDOUS WORKING CONDITIONS
105. 00 1 14139. 6 HAZARDOUS WORKING CONDITIONS

PREDICTED AVERAGE IN-TANK EXPOSURE AS MEASURED BY A DOSIMETER = 14139 89 PPM

DOSIMETER MONITORING WOULD INDICATE THAT

THE AVERAGE IN-TANK EXPQSURE EXCEEDS THE
TLV~-STEL FOR THIS CHEMICAL VAPOR AND A HAZARDQUS
WORKING CONDITION EXISTS. -REDUCE EXPOSURE

BELOW TLV-STEL BEFORE ASSESSING THE TWA EXPOSURE.
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have a TLV=-1TWA but no STEL.  As the hazard asscssment
does not reflect this minority group, the example was
[»'E executed with a psecudo-STEL ecqual to the TLV=TWA. The
3 assessment indicates that hazardous working conditions
exist. In fact, entry should not be permitted bhecause

vapor concentrations are above that which is Immediately

L Dangerous to Life and Health (IDLH), i.e. 10,000 ppm.
F Therefore, it is recommended that the IDLH value be

o substituted for the STEL when executing runs for those
o

E’; chemicals that have only a TLV-TWA.

T‘ 1T.4 Flow Charts for PRETNK, TANKM and TANKP

The interactive driver, PRETNK, controls the input, default options
and other branched decisions for both TANKM and TANKP. Certain portions
of the requirerients in PRETNK are common to both tank models. Because of

this commonality and for ease of reference, the flow charts for all three

programs are presented in this section.

Each flow chart has been prepared using the philosophy that a chart

should be functional, clear and devoid of excessive detail. Based on these

"-Z"_ criteria, the charts indicate the major logic elements and branch points.

- TANKM and TANKP models reflect two distinctly different tank conditions
. at the beginning of ventilation. Because of this difference, there is

. minimal commonality in the programming of these models, One exception is
hazard evaluation, which is common to both programs and is contained in

L subroutine BLOW.
F.

I1.5 Model Limitations

Model limitations derive from assumptions regarding tark internal

4

e structure, blower jet penetration, homogeneous varor space, evaporation

N of water solvent and sub-saturation solute concentration. The limitations
Al are discussed in detail in Section 1V.?.5 of Reference 13.

72

Py KPR SPRP RPNy W WA G Y P, PP ST, T S S  S U IR Y S N




FLOW CHART FOR INTERACTIVE DRIVER, PRETNK

Select Tank
Cleaning Scenario,
TANKM or TANKP

Y

Input Test Number

Y

Input Tank Dimen-
sions or Select
Default Values
Subroutine TKDIM

Input Blower JDefault Subroutine
Flow Rate BLOWER

Input Butterworth
Opening Diameter

Select Method

Input Residual
Chemical Thickness
or Select Default
Values

Subroutine CHEMRS

Y

Input Chemical Film

Thickness on Walls

or Select Default
Values
Subroutine TKWALL

Pure

- N

of Calculat Chemical
ing Henry's

Coefficient

Input Residue

Thickness and Default . Subroutine
Solute Con- POSTWH
centration ;

!
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Infput Atmospheric
Pressure and
Chemical Vapor
Pressure Constants

Input Preventila~ [pefault
tion Vapor
Concentration

L annl Sl e Rl Sef amihi aueht aue A AR A

Subroutine
PREVNT

Y

Input Initial
Time and
Integration
Time Step

Y

Select Duration
of Tank Entry
and Work
Performed
Subroutine VTWORK

T~ [T [T

Input Isothermal
Gas Freeing
Temperature

Input or Select
Default Values
for Ventilation
Temperature~Time
History
Subroutine VENTMP

Y
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Input Occupational
Exposure Limits

Y

Input M, R2,
and
Experimental C(t)

Select JSWITCH
for MINIT
Calculation

t' - Y

Select Blower
Status During
Tank Entry

Establish TANKMI Establish TANKPIL
Data File in N Pure y Data File in
Format Compatible Chemi cal Format Compatible
With TANKM with TANKP
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FLOW CHART FOR TANKM

Trans fer

Input Data
From PRETNK
to TANKM

Initialize Problem,
Perform Preliminary
Calculations.

Exercise JSWTCH OPTION
for Minit Calculation,
Exercise HEVAL Option for
Calculating Partition

Coefficient,

T

Call RUNGE

Integrate Differential
Equations for CV and
CL at Next Time Step

!

Function EVAL called
from RUNGE.

Calculates Variables
at Intermediate Time.:
Between t and t + dt

Y

Update Variables at
Current Time

Y

Output Results of
Integration at Time t

All Chemical Evaporated.
Initiate Exponential Gas
Freeing for Additional
Time Equal to Five Tank
Turnovers (V/Q) and CQutput
Results,

X
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I Integrate C(t) I
During Work 3 [ntegration
l Period T and Performed l
Calculate Average in Subroutine
| Exposure % QSF I
| Concentration I
Assess Exposure
l Level Relative |
to TLVIWA, TLVSTEL <
l or TLVC l
; L —_— ]

F Plot Experimental

¥ and Analytical —1  piotting
= Concentration -— Subroutine
= Time Histories

¥

b
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FLOW CHART FOR TANKP

Transfer Input
Data From
PRETNK to TANKP

Y

Calculation and Output
of MLOTXZ, TAUB and
Evaporation Variables

Y

Calculation and Output
of MDOTXY, MDOTZY, TAUXY,
TAUZY and Wall
Evaporation Variables

Y

Integrate Local Evaporation
Flux Time Histories to Obtain
Total Evaporation Rate-Time
Profile

S —

Call RKLDEQ

Integrate Differential
Equation for Vapor
Concentration at Next
Time Step. Integration
Uses Time Dependent
Total Evaporation Rate

Y

Qutput Results of
Integration at
Time, t.

Y

Increment
Time by dt
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Subroutine BLOW

Integrate C(t)
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T

During Work L——Jd [ntegration
Period ™ and Performed
Calculate in Subroutine
Average Exposure < QSF |
Concentration

Assess Exposure |

Level Relative

to TLVIWA, TLVSTEL [€&———

or TLVC |

Plot Experimental

and Analytical Plotting

Concentration o — Subroutine

Time Historles
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ITT. PLUME DISPERSINN MODEL

F III.1  Vapor Emission Scenarios

Plumes of gas containing vapors firom liquid bulk cargos are emitted
from cargo tank vents into the air above the deck of tankerships and barges
during routine operations. While cargo vapors may also be emitted frcm
_ fugitive emission sources such as P/V valves, drip pans or liquid accumu-
;sl lations beneath leaking pumps, pipes or flanges, these emissions are small

in comparison to the vapor plumes emitted during cargo loading or tank
ventilation.

During cargo loading. vapor is evaporated from the incoming liquid
to form a "vapor blanket" above the liquid/gas interface. This vapor
diffuses upward, away from the interface, and mixes with the gas atmosphere
initially in the tank. As the liquid level rises, the tank gas atmosphere
is displaced from the tank through an open ullage hatch or tank vent, as
shown in Figure 1. The volumetric flowrate of vented gas is equal to the
cargo loading rate. However, the vapor concentration in the vented gas
can vary considerably during loading. The measurements of vent concentra-
tion reported in reference E13] showed that

o for "dedicated" tanks that have not been washed and venti-
lated before loading, the initial "arrival" vapor concen-
tration can be high. Vapor concentration at the tank vent
increases slowly, and may approach the saturated vapor con-
cefitration when the vapor blanket approaches the top of the
tank near the end of loading. Figure 2 shows a graph of vapor
concentration measured at the tank vent versus time for the
loading of methanol into a dedicated tank.

o for tanks that have been washed and ventilated before load-
ing, the initial "arrival" concentration can be low. Vapor
concentration at the tank vent increases more rapidly during
loading and may also approach the saturated vapor concentra-
tion near the end of loading. Figure 3 shows a graph of vent
concentration measured during loading of ethanol into a washed
and gas-freed tank.

During tank ventilation operations, fresh air is blown into the tank
in order to dilute or replace the tank gas atmosphere which contains the
vapor of the previous cargo. The vented gas flowrate will be the same as
the flowrate of incoming fresh air. As the tank gas atmosphere is diluted
or displaced, the vapor concentration at the tank vent may vary with time.
The TANKM and TANKP models described in Section Il may be used to es-
timate the time dependent behavior of the vapor concentration in the tank
during ventilation.

Unless arrangements are made to collect and return the tank gas
atmosphere to shore during cargo loading and tank ventilation operations,
the tank atmosphere is vented directly to the air where it is dispersed
by the wind. Crewmen working in the vicinity of a tank vent during these
operations may inhale air that contains cargo vapor from the vented gas plume.
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The size of the vapor plume downwind of a tank vent, and the level
of vapor concentration at man breathing height, depend upon several factors
such as

o the vented gas flowrate,
o] the vapor concentration in the vented gas stream,

0 the height and the diameter of the vent used to emit the
vented gas stream, and

o the ambient wind velocity.

In many cases, the plume source conditions, characterized by the vented
gas flowrate and vapor concentration, vary slowly with time. On the other
hand, the ambient wind varies randomly in both speed and direction. These
turbulent fluctuations in wind speed and direction affect the instantan-
eous position of the plume relative to the deck and cause the vapor con-
centration at downwind locations to fluctuate in time.

For hazards analysis we are interested primarily in the mean, or
time average value of vapor concentration. Therefore, it is necessary to
define the basis for time averaging and tn include the effect of wind
turbulence in the plume dispersion model. The plume dispersion experi-
ments reported in reference [13] showed that a sampling period of 10
minutes was sufficient for determining average values of wind speed, wind
direction and vapor concentration. The elements of the ONDEY computer
model for predicting the dispersion of a chemical vapor plume emitted
continuously from a tank vent are described in Section II11.2. Listings
for two versions of the ONDEK computer model in FORTRAN appear in Appendices
B and C. These versions differ only in their graph plotting capability.
The ONDEK4 program, listed in Appendix B, prepares an output file for use
with PLOTI0 graphics software. The ONDEK3 program, listed in Appendix C,
produces graphs using standard line printer commands for lineprinter or
CRT output.

II1.2 Elements of Program ONDEK

IT1.2.1  Model Description Summary

The ONDEK chemical vapor plume dispersion model is based
upon the numerical integration of a set of conservation equations for mass
and momentum along the axis of the plume. Ooms' method [14] is used to com-
pute the behavior of plumes that are elevated above deck level. 1In those
circumstances (emission of a very dense plume at low wind speeds) where it
may be possible for the plume axis to descent to deck level, TeRiele's
method [15] is used to compute plume behavior downwind of the transition
point. References [14] and [15] should be consulted for the derivations and
detailed descriptions of these models.

Ooms considers the development of plumes that are bent
over by the wind but remain symmetrical about their axis. QOoms writes
four equations for the conservation of mass, chemical species and momentum
within the plume. These equations are:
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e Comservation of mass

4 (272 .
i I punr dr | = 2"bpa.{?1lu (s)l + ap Uy Isin elcos 8 + a3 ui} (20)
o

e Comservaticn of chemical species

b2
d (j cu Zﬂr-d;> =0 ’ (21)
[o]

ds
e Conservation of momentum in the x (downwind) directiom

d

w2
ds (

pu? cos8 2mr dr) = 27bp, U, {a]_lu*l + ap Ualvsinelcos6+a3 u'}
2 3
+ Cq Thp, U, Isin e| (22)

e Conservation of momentum in the z (vertical) direction

. d bv'Z Y2
5 is j pu?sin 6 27mr dr -j g(p,=p) 2mr dr + Cy bpy U,% sin?6 cos® (23)
S () o
. where
b = plume characteristic radius, m
Cq = plume drag coefficient, dimensionless

vapor concentration, kg/m?

" Y
. A
PRI o N
(o]
i

- = acceleration of gravity = 9.8 m/sec?

o = plume radius, m

:?. S = distance along the plume centerline, m

Le : .

B Uy = time average wind speed, m/s

. u = Jlocal velocity in the plume, m/s

g u” = turbulent entrainment velocity, m/s

i‘ T velocity on the plume axis, m/s

e oy = entrainment parameter for shear, dimensionless

: ap = entrainment parameter for buoyancy, dimensionless
a3 = entrainment parameter for turbulence, dimensionless

- 0 = angle of the plume axis with respect to the horizon, radians

L) p = plume density, kg/m3

5' pa = ambient air density, kg/m?
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The plume density depends upon both the ccncentration and
and the temperature of the gas being vented to the atmosphere. In most in-
stances, product is loaded onto the ship or barge from an above-ground storage
tank on shore. Then, the temperature of the cargo tank atmosphere is very
close to the ambient air temperature, and the plume dispersion process can be
assumed to be isothermal. This assumption allows the plume density to be
related directly to the plume concentration through

(Po-Pa) (24)

P = Pa + Po

where p_ = density of pure chemical vapor. Gaussian prcfiles are assumed
for the concentration and velocity defect (the difference between the plume
velocity and the component of the ambient wind speed in the plume direction).

271212
c = ot er/)\b

(25)

202
u=-U, cos § = u* et /b (26)

In these equations,

*
c

it}

rlume centerline concentration, kg/m?

it

A? turbulent Schmidt number squared = 1.35

These similarity profiles are substituted into the con-
servation equations (20) - (23), and the equations are integrated to give
four simultaneous, ordinary differential equations to be integrated
numerically. The dependent variables for these four equations are c*,
b, u*, and 8. Two additional equations are included to compute the tra-
jectory of the plume axis

ds = sin @ (27)
%§~ = cos 8 (28)

where z and x are the vertical:and horizontal coordinates of the plume
axis.

Ooms suggests values of ajy = 0.057, ap = 0.5, a3 = 1.0
and Cq = 0.3 for the plume model parameters. However, plume concentration
measurements reported in [13] and [16] indicate that a value of a3 = 3 is
appropriate when u” is taken to be the r.m.s. of the turbulent wind speed
fluctuations. When the plume is close to the deck, an image plume is in-
cluded when the concentration distribution is computed If the elevation,
z, of the plume centerline drops to deck level, a transition is made to a
simplified version of TeRiele's model for heavier-than-air gas plumes at

ground level.
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TeRiele's model consists of four equations for conser-
vation of mass and momentum, and was developed to predict the downwind dis-
_ persion of vapors from area sources. TeRiele's equation for mass conserva-
bt! tion within the source area is not required. However, the other three
. equations that apply far downwind of the source area can be applied. There
is one equation evaluated at two different limits (y = Y|)

JYL[% [Jocudz:” dy=l:cJ:nKyg§dz:l

In this equation Y| is the crosswind integration 1limit, equal to either
/2/2 gy or «. Also in this equation,

Ky is an atmospheric dispersion coefficient.

There is one equation for conservation of momentum

= ,:6['1- cu dydz] -J Pgr « Tg dy

where Cgr concentration at ground (deck) level, kg/m®
density of the plume at ground (deck)level, kg/m?
wind shear stress at ground (deck)level, kg/ms?

pgr

To

A Gaussian type profile is assumed for the concentration

- distribution, and a power law profile for the wind velocity
-

" 2 1+2a

- - - - -L - _z...

& ©T % =P [ ("y) ("z) ]

e

p - 4 u

$ u =y, (zo)

t;,'{

[‘ where c, = concentration on the plume axis at deck level, kg/m?
?" u, = wind speed at reference height, m/s

E; z, = reference height, m

;j; = velocity profile parameter, dimensionless
ie oy = horizontal dispersion coefficient, m

o o, = vertical dispersion coefficient, m

r-

-
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Substituting these profile formulas into the conservation equations and
performing the integration gives three simultaneous, ordinary differential
equations for c,, 0y, and o,.

Conceéntration profiles must be matched at the point of

transition from Ooms' to TeRiele's model. The following matching equations
can be derived to relate c¢, and oy to ¢* and b

cg = 2c” (33)

oy = Ab (34)

Since the form of the concentration profiles for Ooms' and TeRiele's method
are different (they are the same only if a = 0.5), it is necessary to
estimate a value of o, that gives a good "global" match to the concen-
tration profiles. We have required that the integral

o0

j. c dz be equal for both methods along the y = 0 plane.
0
This gives a relation between o, and b
_ e 1+2a
o= b it (35)

With these values of ¢4, o,, and o, as starting conditions, TeRiele's
equations are integratea nu%erica]]y without further reference to Qoms'
variables.

Ooms' plume dispersion method strictly applies only to
plumes with self-similar Gaussian concentration profiles as given by
equation (25). However, the jet of air and vapor that emerges from the
vent exit has a concentration distribution that is flat (the concentration
is constant, independent of radius). Turbulence produced by the vent gas
stream entrains ambient air into the jet so that the concentration distri-
bution is soon transformed from a top hat profile to a Gaussian profile
at some distance downstream from the vent exit. To estimate this distance,
and to calculate the appropriate initial values for Ooms' plume variabl s,
two correlation equations for jet development are used.

Kamotani and Greber [17] developed a correlation for the
rise height of a turbulent jet in a crossfiow

b
Z,/d = ay (x/d)" (36)

where I, jet centerline elevation above the exit, m

vent diameter, m
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X = downstream location, m
a, = empirical parameter, dimensionless
by = empirical parameter, dimensionless

Reference [17] iresents data in graph form for the empirical parameters, ay
and by, in terns of the jet momentum ratio, J,

J = Pj sz/pa Ua2 (37)
where pj = jet discharge density, kg/m?
Uj = jet discharge velocity, m/s

The behavior of a, and b, can be approximated by numerical curve fits

b, = 0.4 for J <10 and (38)
by = exp [-0.744691 - 0.074525 an(J)] for 10 < J < 60 (39)
ay = exp [0.405465 + 0.131368 2n(J) + 0.054931 (Qn(J))z] (40)

The values of ay, and by, predicted by Equations (39) and (40) are in good
agreement with Kamotani and Greber's own equation

z,/d = 0.89 3047 (x/4)0-36 (41)

which was recommended in [17] for the range of 15 < J < 60 and 0 < (X/d)
< 20. :

While equation (36) may be used to predict the plume tra-

jectory close to the vent, another correlation is needed to predict the plume

path length required for development of a Gaussian profile. Keefer and
Baines [18] investigated the axial velocity decay for jets of air discharaed
normal to a flowing stream. Their data gives values for the onset of axial
velocity decay (an indication that turbulence has "worr down" the sides of
the top hat velocity profile) for jets with velocity ratios of Uj/Ua =

4, 6, 8

Path Length Velocity Ratio
S/d Uj/Va
1.59 4
1.92 6
2.30 8
90
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This data is used as the basic for a numerical curve fit
S/D = 0.871667 + 0.1775 * (Uj/Ua) (42)

used in the computer program. Equations (42) and (36) are solved simul-
taneously in subroutine START to determine the initial coordinates of
the plume for integration of Ooms' model equations.

The initial value for plume angle, 6, 1is calculated with
the help of equation (36) as

6 = tan-! [av by (X/d)bv—]] (43)

The initial value of plume radius, b, 1is calculated by requiring that the
rate of chemical vapor transport is equal to the rate of chemical vapor dis-
charge from the vent.

The discharge rate from the vent is
m= = *Co* Uj (44)
while the chemical transport rate may be calculated from Qoms's equation (21)

> 2 3 2p2 P2 /K2
me c*e‘”/“’*[ua cose+u*e‘”/b]2m~dr (45)
0 .

At the start of computation with Ooms' model

c* Co and (46)

*
u

Uj - Uy cos © (47)

Integrating equation (45) and equating it to equation (44) gives an algebraic
equation for b in terms of d, Uy cos 6 and Uj

b = dV]+>\2 (48)

) Ua cos 6 2241
m

In the computer program, Ooms' recommended value of A% = 1.35 1is used so
that equation (48) simplifies to

6597 d
b = 0.65 - (49)

[1+1.35 Uy cos e/Uj]
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[11.2.2 Input Data Requirements

A1l of the input data needed to run the ONDEK plume
dispersion model is entered by the user from a remote terminal. In order
to identify the output data record, the user is asked to supply the follow-
ing information first.

o Today's date (up to 12 characters).

0 The name of a vessel, place or other descrintive
phase (up to 40 characters).

0 The name of the cargo vapor or gas being emitted
(up to 20 characters).

Next the program takes a set of variables within a particu-
lar group, such as "vent geometry", or "atmospheric conditions". The current
or default values for each variable in the group are displayed at the user's
terminal. The user is asked to signify whether he wishes to change any of the
current values. If a change is desired, the program lists each value in turn,
and asks whether the user accepts the listed value. If the listed value is not
desired, the program accepts a new value entered by the user at his terminal.
Table IV furnishes values for the necessary chemical properties of eleven com-
mon chemicals, for use with this program. After all variables within a group
have been accepted or updated, the program displays the new set of current
values. If this set is accepted. the program moves on to the next group.

The input groups and sets of variables are listed below.

0 Vent Geometry

- vent diameter, m
- vent height above the deck, m
- deck height above the water or dock, m

0 Atmospheric Conditions

- atmospheric pressure, psia

- atmospheric temperature, °C

- wind speed at reference height, m/s
- reference height, m

- wind turbulence level, m/s

) Plume Venting Conditions

- cargo loading rate or gas emission rate, m®/s

- vapor molecular weight, kg/mole

- cargo vapor pressure corresponding to vent concen-
tration, psia

0 Plume Computacion Conditions

- initial value for plume path distance, m

- distance along plume path between printouts, m

- maximum downwind distance for computation, m

- zcon, height above deck at which concentration
contours are predicted, m
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o Concentration Values for Hazard Analysis

- upper flammable limit (UEL), % by volume

- lower flammable limit (LEL), % by volume

- short term exposure limit (STEL), ppm

- time weighted average-threshold 1imit value (TLV), ppm
- odor threshold, ppm

o] Concentration Values for Contour Plot

- CC1, a user selected value, ppm

- CC2, odor threshold, ppm

- CC3, upper flammable limit, ppm

- CC4, lower flammable limit, ppm

- CC5, short term exposure limit, ppm
- CC6, threshold limit value, ppm

I11.2.3 Default Options

The ONDEK computer program assigns initial or default
values to all of the input variables listed in Section I11.2.2 with the ex-
ception of the current date, the vessel or place name, and the name of the
gas or vapor being vented. The user must input this information from his
terminal. Default values for chemical vapor properties are furnished as an
example for vinyl acetate vapor. To consider the venting of other chemicals,
the user must replace the default values for vinyl acetate with the correct
values for the new chemical as described in Section 111.2.2; chemical pro-
perties are included in Table IV for eleven common chemicals. In addition
to listing defzult values, the program also lists other typical values for
each input variable as described below.

o} Vent Geometry

- Vent Diameter

0 0.305 m (12 dinches)
0 0.203 m (8 inches) - DEFAULT VALUE
0 0.102 m (4 inches

- Vent Height above Deck

o] 1.0m (3.3 ft) - DEFAULT VALUE
) 4.0m (13.1 ft)
) 6.1 m (20.0 ft), or B/3

- Deck Height above the Dock
0 1.0 m (typical for a barge) - DEFAULT VALUE
) 6.1 m (typical for a ship)

0 Atmospheric Conditions

- Atmospheric Pressure
) 14.7 psia - DEFAULT VALUE

- Atmospheric Temperature
0 520 °R - DEFAULT VALUE
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- Reference Wind Speed

0 1.12 m/s (2.5 mile/hr)

0 2.28 m/s (5.0 mile/hr) - DFFAULT VALUE
0 4.47 m/s (10.0 mile/hr)

0 6.71 m/s 115.0 mile/hr)

- Reference Heigat for Wind Speed
0 10.0 m (32.8 ft) - DEFAULT VALUE
- Wind Speed Turbulence Level

0 20% (recommended for wind generated turbulence at
wind speeds of 2 m/s or above) - DEFAULT VALUE
0 30% (recommended for wind generated turbulence at

wind speeds below 2 m/s, or when above deck struc-
tures and piping produce additional turbulence)

) 0% (recommended only for estimating the instantan-
eous boundary of the plume)

Plume Venting Conditions
- Cargo Loading Rate or Gas Emission Rate

0 794 m3/hr (5000 barrels/hr)
0 318 m®*/hr (2000 barrels/hr)
0 159 m?®/hr (1000 barrels/hr) - DEFAULT VALUE
0 79 m3/hr ( 500 barrels/hr)

- Chemical Vapor Molecular Weight
0 86.10 (vinyl acetate vapor) - DEFAULT VALUE

- Chemical Vapor Pressure
) 90.0mm Hg (vinyl acetate) - DEFAULT VALUE

The vapor concentration at the tank vent near the end
of cargo loading may approach the saturated concentra-
tion of chemical vapor in air. The default value

corresponds to the saturated vapor concentration of
ziny])acetate vapor in air at a temperature of 20°C
68°F).

If the actual vapor concentration at the vent is less
than the saturated vapor concentration, the input value
of chemical vapor pressure should be equal to the sat-
uration vapor pressure of the chemical multiplied by
the ratio of the actual vapor concentration at the vent
divided by the saturation vapor concentration.

For more information on typical values of vent concen-
tration during cargo loading, please refer to Refer-

EC ence 13, Section IV.3.2.

E« Plume Computation Conditions

- - Initial Value for Plume Path Distance

3 o  0.0m - DEFAULT VALUE

E! - Distance Along Plume Path Between Printouts

H o  1.0m - DFFAULT VALUE

3 o 5.0m
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= - Maximum Distance for Plume Computation
3 o 10 m (recommended for 1.0 m vents) - DEFAULT VALUE
= ) 20 m (recommended for 4.0 m and B/3 vents)
0 100 m

- Specified Height Above Deck for Output of Vapor
Concentrations Downwind of the Vent

) 1.67 m (man breathing height)
o} Concentration values for hazard analysis (the values given

below are default values for vinyl acetate. The user must
input new values for another chemical).

- Upper Flammable limit
o  13.4%" - DEFAULT VALUE

-
]

Lower Flammable Limit
o  2.6%" - DEFAULT VALUE

- Short Term Exposure Limit
o 20 ppm™* - DEFAULT VALUE

Threshold Linit Value
o 10 ppm” - DEFAULT VALUE

- Odor Threshold
o 0.12 ppn” - DEFAULT VALUE

a0 ek hER N
]

o} Concentration values for contour plots (default values are
supplied for vinyl acetate. The user must input new values
for another chemical).

- CC1, user supplied value

0 1000 ppm - DEFAULT VALUE (1imit for use of hydro-
carbon vapor canister masks)

"—. M '?' e
. e ’ . .
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v
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- CC2, odor threshold (see above)

CC3, upper flammable 1imit (see above)
F' - CC4, lower flammable 1imit (see above)
E{ - CC5, short term exposure 1limit (see above)
- - CC6, threshold limit value (see above)
ta

T

* CHRIS
** 1982 ACGIH
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111.2.4 Program Qutput

The ONDEK program opens an output file named
"RESONDEK.DAT" and outputs
) A summary of the input data.

0 A table of computed values for the plume variables
and the concentration contours.

0 A plot of plume centerline concentration versus
downwind distance.

0 A plot of vapor concentration at man breathing height
: (or other specified height) above deck level versus
= downwind distance.

- 0 A plot of vapor concentration contours at man breathing
ﬂl height (or other specified height) in the region down-
b wind of the vent.

To illustrate the form of the output data, an example was run using all

of the default values specified in Section III.2 3. Figure 4 shows the
summary page listing the input data values for a loading of vinyl acetate
into a barge. This example assumes that the tank gas atmosphere is vented
through a 0.20 m flame screen in an expansion trunk at a height of 1 m
above the deck.

Figure 5 1ists the values of the plume variables and the
concentration contour locations downwind of the vent. Since the default
value for DISTAN was 1.0 m, output was printed at increments of 1 m up
to the maximum downwind distance. DISMAX = 10.0 m. The table in Figure 5
1ists abbreviations for the names of the plume variables as follows:

S = distance along the locus of the plume axis, m
XCL = downwind distance from the center of the vent, m
ZCL = vertical distance of the plume centerline above
the deck, m
CCL = vapor concentration on the plume centerline, kg/m?
CZCON = wvapor concentration at man breathing height (or
other specified height) (ZCON), ka/m?3
XCON = downwind distance corresponding to the estimate
of CZCON, m
‘ YC1 = crosswind distance, Y, to the concentration contours
e thru corresponding to CC1 through CC6 at = = XCON
: YC6 and Z = ZCON, m
B = plume characteristic width, m
u* = velocity deficit, the difference between the plume

centerline velocity and Uy cos 6, m/s

angle of the plume axis with respect to the horizon,
radians.
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TITLE= EXAMPLE: VAM BARGE LOADING DATE= MAR 16,1983
METEOROLOGICAL CONDITIONS

0 BAROMETRIC PRESSURE=7460. 000 MM HG AIR TEMPERATURE=S20. O DEG R
0O AVERAGE WIND SPEED= 2. 24 M/S AT REFERENCE HEIGHT= 10 00 M
WIND EXPONENT= O 14

o TURBULENCE LEVEL= 20. 00

o

VAPOR VENTING CONDITIONS

oo 000 000

VENT DIAMETER= O©.20 METERS
VENT HEIGHT= 1. 00 METERS ABOVE THE DECK
DECK HEIGHT= 1.00 METERS ABOVE THE WATER

EMITTED VAPOR= VIMYL ACETATE VAPOR

VENTING

MOLECULAR WEIGHT= 35 74 OF GAS AND AIR MIXTURE
VENT CONCENTRATION= 0. 431E+00 KG/ (M*#3)

VENTING FLOWRATE= 159. (M##3)/HR
VELOCITY= 1.36 M/SEC

VALUES OF CONCENTRATION FOR FLAMMABILITY AND HEALTH HAZARDS

o UPPER FLAMMABLE LIMIT (UEL) = 0. 4B88E+00 KG/(M*x3)
0 LOWER FLAMMABLE LIMIT (LEL) = 0. 947E-01 KG/(M##3)
0 SHORT TERM INHALATION LIMIT (STIL)= Q. 728E-04 KG/ (M*%3)
0 THRESHOLD LIMIT VALUE (TLV) = 0. 364E-04 KG/ (M#%3)
o ODOR THRESHOLD (ODOR) = 0. 437E-06 KG/ (M#*3)

VALUES OF CONCENTRATION

Ci1
c2

0000000
0O
H

PRED

ORNBKNDR

1

. 364E-02
. 437E-06
. 488E+00
. 947E-01
. 728E-04
364E-04

[UReReNeNeNeoRe

T

CHOSEN FODR CDNCENTRATION CONTOURS

(KG/M#%3)
(KG/M##3)
(KG/M*#3)
(KG/M##3)
(KG/Mx%x3)
(KG/M#+3)

b FOR A HEIGHT OF 1.46B0 METERS ABOVE DECK LEVEL

NUMERICAL INTEGRATION DATA

o STEP S1ZE= 0. 0406 METERS, MAXIMUM DOWNWIND DISTANCE= 10. 00 METERS

FIGURE 4.

SUMMARY OF INPUT DATA FOR EXAMPLE OF

VINYL ACETATE LOADING INTO A BARGE
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. Both the ONDE3 and the ONDEK4 versions of the ONDEK
model generate graph plots to give a quick overview of the vapor concentra-
tion distribution. The ONDEK4 program, listed in Appendix B, writes an
output file (named SCRATCH) that can be addressed to draw graph plots using
graphics software supplied by the user. The ONDEK3 program, listed in
Appendix C, contains a subroutine names PLOTS that generates graphs using
WRITE statements for line printer or CRT display. Figures 6, 7, and 8 are
plots obtained from ONDEK4 and a graph plotting program. An analogous
series of line printer plots obtained from ONDEK3 are shown in Appendix D,

N Rk . P 3
:'._.' s Lt . .
« e s s .

B - AN
‘e 8 s *

Figure 6 shows the behavior of the plume centerline con-
centration as a function of distance downwind from the vent. The plume
centerline concentration is indicated by the letter C, and the letters U,

L, S, and T represent concentration levels equivalent to the UEL, LEL, STEL,
and TLV, respectively.

Figure 7 shows the behavior of the vapor concentration at
man breathing height as a function of distance downwind from the vent. The
vapor concentration at breathing height is indicated by the letter C, and
the letters U, L, S, and T represent concentration levels equal to the UEL,
LEL, STEL, and TLV, respectively. Like Figure 6, Figure 7 is a semi-log
plot of concentration versus downwind distance.

i e

t’ Figure 8 shows a plot of the vapor concentration contours
downwind of the vent. Note that the horizontal axis corresponds to the
plume centerline, so that only 1/2 of the area covered by the plume down-
wind of the vent is shown. Note also that the vertical Y axis has been
stretched for clarity. Symbols are used to indicate plume concentration
contours as follows:

= (CC1, the user specified value

=  QOdor threshold

=  Upper flammable 1limit

Lower flammable limit

=  Short term exposure limit

SN rrrFCc o -
it

=  Threshold 1imit value
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FIGURE 6. GRAPH OF PLUME CENTERLINE CONCENTRATION VERSUS DOWNWIND
DISTANCE FOR THE OUTPUT EXAMPLE OF VINYL ACETATE
LOADING INTO A BARGE
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II1.2.5 Hazard Assessment

In order to assess whether a potential flammability or
toxicity hazard exists during cargo loading or tank ventilation, the ONDEK
computer programs produce plots of downwind vapor concentration and vapor
concentration contours at man breathing height, or any other height above
the deck that is specified by the use These piots indicate directly
whether the vapor concentration is in tne fldmmable concentration ranae,
or if it exceeds either the STEL or TWA-TLV concentration level for a
particular chemical. By choosing the scaling factor for the plots of iso-
concentration contours to be the same as the scale factor for an avrange-
ment drawing of the vessel deck, the contour plots can be overlaid directly
onto the deck arrangement plan. This facilitates the interpretation of the
spatial concentration predictions.

For the assessment of potential toxicity hazards, regions
of the deck where the vapor concentration exceeds the STEL Timit value are
most significant. The STEL value is the maximum acceptable time weighted
average concentration value that should not be exceeded for exposure of
short (usually 15 to 20 minutes) duration. It is appropriate to compare
ONDEK plume model predictions for spatial concentration distribution with
STEL levels since the model was validated using measurements of the
10-minute time average concentration distribution during actual cargo
loading operations [13].

The experiments reported in Reference [13] confirmed that
vent height above the deck is an important factor in determining the level
of vapor concentration at man breathing height during cargo ioading opera-
tions. The ONDEK computer program can be used t0 review current and pro-
posed vapor venting requirements for chemical cargos. A parametric study
performed for each hazardous cargo will identify the minimum vent height
required to prevent the vapor concentration from exceeding the STEL at man
breathing height fcr a range of cargo loading rates and ambient wind speed.
The results of the parametric study could also be used to provide guidance
on the use of personal protective equipment on existing vessels that do not
have vents of the necessary minimum height.
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II1.2.6 Flow Charts

The ONDEK computer program consists of a main program
PLUME and several function and subrou:ine subprograms. A flow chart is
presented in this section for each program element. It is recommended that
the flow charts be reviewed in combination with the computer proaram 1ist-
ing in Appendix B. The program elements are, in the order of their appear-
ance in the listing,

QROAPASAPLENCLE B4

B~ A

0 Main Program ONDEK
0 Integer Function HAMING
0 Integer Function RUNGE
0 Real Function SIMUL
0 Subroutine RHS
0 Subroutine CSUM
o Subroutine CONT
0 Subroutine START
0 Subroutine INDAT
0 Subroutine PROMPT
3
E
3
4
X
g
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Program ONDEK

r————r—r—

Specify initial default values for input data

t

Open output file for printout of results

&

Enter current date and store in ADATE

!

Call INDAT to enter or modify input data

1

Initialize variables and assign values to constants

!

Call START to calculate initial values for Qoms'

plume dispersion model

Calculate constants and initialize variables for

plot, files

Print headings and initial conditions

3y

Calculate the development of a bent-over plume

420

with Qoms' model

4 410 r Call RUNGE to integrate plume model equations

]

Call RHS to calculate righthand sides of
differential equations for next integration

'

Count = Count + 1




pp———

e ’_:H—' R

LA A AT AR S

435

450
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Store values of plume variables, YR, and
derivatives, YRS, in Y and F arrays
needed for the HAMING integration subroutine

!

Is Count.LE .3 ?

Yes
Y Yes

{ No

Is Y(1.5).LE.DISTA ?

‘No

Compute plume concentration, CONHIT,
at breathing height, ZCON

{

Call CONT to compute locations
of concentration contours

'

Print values of plume variables and
locations of concentration contours

1

Store values of downwind distance,
plume concentration, and concentration
contour locations for plots

i

Reset DISTA = DISTA + DISTAN

!

Is X.GT.

DISMAX ?

‘Yes No

Go to 560 and term-
inate integration

Yes

| Is Count .LE.3 ?

Ne
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. 455 Call HAMING to integrate the plume model
: A equations

Call RHS to calculate the righthand
sides of the differential equations

) l

A Store derivative values, YRS, in F
# array required by HAMING
,, !

1 —{Is M.EQ.1
. {No
: Count = Count + 1
|
‘ !
% Is the plume centerline height, Y(1.6)

at or below deck Tevel ?

fr 1

fires.
Return to top of loop

500 Transition to TeRiele's method for
plume development over the deck

k i

Calculate initial values for TeRiele's
plume variables

510 Call RUNGE to integrate plume model
equations

Call RHS to calculate righthand sides of
differential equations for next integration

* {

Count = Count + 1

-

.
1
»
).
»
-
,
'
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|
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535

&

Store values of plume variables, YR, and
derivatives, YRS, in Y ard F arrays
needed for the HAMING integration subroutine

Is X.LE.DISTA ?

Yes {No

Is COUNT.LE.3?

‘No

Call CONT to compute loca-
tions of concentration contours

| ]

Print values of plume variables and
Tocations of concentration contours

|

Store values of downwind distance,
plume concentration, and concentra-
tion contour locations for plots

&

Reset DISTA = DISTA + DISTAN

Y i

Is X.GT.DISMAX ?

‘ Yes No

Go to 560 and term-
inate integration

——"—Yé—s———-—‘ Is Count.LE.3?

T

Call HAMING to integrate the plume model
equations

|

Call RHS to calculate the righthand

sides of the differential equations
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Store derivative values, YRS, 1in

F array required by Haming

: i

Yoo Is M.EQ.1 *
# ‘No
- Count = Count + 1 | N —
. Return to the
- ! AA; top of the loop
560 Prepare concentrétion data for

graph plots

}

Do you want to run another case (Y,N)?

i Yes No
el

Go to 1

END
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Integer Function HAMING

This program is a general subroutine for solving a set of first order
ordinary differential equations. It is called by the main program ONDEK,
and is used to continue the solution of the set of plume deve opment equa-
tions after RUNGE has provided the set of initial values. The function
specification is

Integer Function HAMING (N,Y,F,X,H,TE)

Function HAMING is taken from “App]ied Numerical Methods" by B. Carnahan,
H. A. Luther, and J. 0. Wilkes [19].

The value of N is set in the function call statement. The value of H,
the integration step size is assigned a value in Program ONDEK. The reader
is referred to the text by Carnahan, et al. for a complete description of
this function subroutine. The following paragraph is repeated from the pro-
gram listing.

HAMING implements Hamming's predictor-corrector algorithm to solve N
simultaneous first-order ordinary differential equations. X is the indepen-
dent variable, and H is the integration stepsize. The routine must be called
twice for integration across each step. On the first call, it is assumed
that the solution values and derivative values for the N equations are stored
in the first N columns of the first four rows of the Y matrix and the first
three rows of the F matrix, respectively. The routine computes the N predicted
solutions YPRFN(J), increments X by H and pushes all values in the Y and F
matrices down one row. The predicted solutions YPRED(J) are modified, using
the truncation error estimates TE(J) from the previous step, and saved in the
first row of the Y matrix. HAMING returns to the calling program with the
value 1 to indicate that all derijvatives should be computed and stored in the
first row of the F array before the second call is made on HAMING. On the
second entry to the function (determined by the logical variable PRED), HAMING
uses the Hamming corrector to compute new solution estimates, estimates the
truncation errors TE(J) for the current step, improves the corrected solu-
tions using the new truncation error estimates, saves the improved solutions
in the first row of the Y matrix, and returns to the calling program with a
value 2 to indicate completion of one fuli integration step.
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Integer Function RUNGE

This program is a general subroutine for solving a set of first
order ordinary differential equations. It is called by the main program
ONDEK, and is used to start the solution of the set of plume development
equations. After three forward steps are completed, subroutine HAMING
is used instead of RUNGE to continue the numerical integration. The
function specification is

Integer Function RUNGE (N,Y,F,X,H)

Function RUNGE 1is taken from "Applied Numerical Methods" by B. Carnahan,
H. A. Luther, and J. 0. Wilkes [19].

The value of N is set in the function call statement. The value of H,
the integration step size is assigned a value in Program ONDEK. The reader
is referred to the text by Carnahan, et al. for a complete description of
this function subroutine. The following paragraph is repeated from the
program listing.

The function RUNGE employs the fourth-order Runge-Kutta method with
Kutta's coefficients to integrate a system of N simultaneous first order
ordinary differential equations F(J) = DY(J)/DX, (J=1,2,...,N), across one
step of length H in the independent variable X, subject to initial conditions
Y(J), (J=1,2,...,N). Each F(J), the derivative of Y(J), must be computed
four times per integration step by the calling program. The function must
be called five times per step (Pass (1)...Pass (5)) so that the independent
variable value (X) and the solution values (Y(1)...Y(N) can be updated using
the Runge-Kutta algorithm. M is the pass counter. RUNGE returns as its
value 1 to signal that all derivatives (the F(J)) be evaluated or 0 to signal
that the integration process for the current step is finished. SAVEY(J) is
used to save the initial value of Y(J) and PHI(J) is the increment function
for the J(TH) equation. As written, N may be no larger than 50.

TITST TLTITTY YT T T T
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Real Function SIMUL

This program is a general subroutine for solving matrix equations.
It is called by subroutine RHS and is used to solve the matrix equation

. . . d .
for the derivatives of plume concentration, ?%? , etc. The function

specification is

Real Function SIMUL (N,A,X,EPS,INDIC,NRC)

Function SIMUL is taken from "Applied Numerical Methods" by B. Carnahan,
H. A. Luther, and J. 0. Wilkes [19].

Subroutine RHS assigns values of N, INDIC and NRC in the function
call statement. The value of EPS 1is set in Program STEADY. The reader
is referred to the text by Carnahan, et al. for a complete description of
this function subroutine. The following paragraph is taken from the comment
statements in the program listing.

When INDIC is negative, SIMUL computes the inverse of the N by
N matrix A in place. When INDIC is zero, SIMUL computes the N solutions
X{(1)...X(N) corresponding to the set of linear equations with augmented
matrix of coefficients in the N by N+1 array A and in addition computes the
inverse of the coefficient matrix in place as above. If INDIC is positive,
the set of linear equations is solved but the inverse is not computed in
place. The Gauss-Jordan complete elimination method is employed with the
maximum pivot strategy. Row and column subscripts of successive pivot ele-
ments are saved in order in the IROW and JCOL arrays, respectively.
K is the pivot counter, PIVOT the algebraic value of the pivot element,
MAX the number of columns in A, and DETER the determinant of the coefficient
matrix. The solutions are computed in the (N+1) th column of A and then un-
scrambled and put in proper order in X(1)...X(N) using the pivot subscript
information available in the IROW and JCOL arrays. The sign of the
determinant is adjusted, if necessary, by determining if an odd or even
number of pairwise interchanges is required to put the elements of thc JORD
array in ascending sequence where JORD (IROW(I)) = JCOL(I). [f the inverse
is required, it is unscrambled in place using Y(1)...Y(N) as temporary stor-
age. The value of the determinant is returned as the value of the function.
Should the potential pivot of largest magnitude be smaller in magnitude than
EPS, the matrix is considered to be singular and a true zero is returned as
the value of the function.




Subroutine RHS

This subroutine computes values for the derivatives of the plume
variables along the plume axis as required by subroutines RUNGE and
HAMING. The subroutine is called in the main program ONDEK after every
call to RUNGE or HAMING. The subroutine call furnishes current values
for the plume variables in array Y. Computed values of the derivatives
are returned in array C.

Both Ooms' and TeRiele's plume models lead to sets of coupled first
order ordinary differential equations for the derivatives of the plume
variables. The subroutine computes values for the coefficients in each
equation, then calls subroutine SIMUL to invert the coefficient matrix
and calculate the value of each derivative. An integer variable IDECK
is used to select Ooms' model equations (IDECK = 1) or TeRiele's model
equations (IDECK = 0).

Is IDECK.EQ.O0 ?
‘Yes No

Go to 100

Compute constants for Ooms plume model

'

Compute coefficients for conservation
of Species Equation

'

Compute coefficients for conservation
of Mass Equation

» i

Pi,

he ‘

[

» .

;14 Compute coefficients for conservation
= of X-Momentum Equation

VL.

‘P.“ J

‘e

"o Compute coefficients for conservation
! of Y-Momentum Equation

‘e
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Subroutine CSUM

This subroutine is called to compute the sum of an algebraic
series that arises in TeRiele's conservation of momentum equation,
The subroutine is called by subroutine RHS. The subroutine call
furnishes the local value of (A, the plume centerline concentration.
CSUM returns the sum of the series in vi~iable SUMIT.
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This subroutine computes the <istance in the crosswind direction
from the center plane of the plume {y = 2) to locations where the
vapor concentration at height ZCON above the deck has the values
stored in array CC. The subroutine is called by the main program ONDEX
and distance values are returned in array YC. As written, the sub-
routine will compute the location of INUM < 9 concentration contours
The subroutine call in ONDEK requests six contours only.

Subroutine CONT

Initialize YC array to 0.0

Is IDECK.EQ.O ?

‘ Yes ; No

Go to 100 Use Ooms' Equations

!

Is r?/3?’p% .GT.13.81 72

‘Yes No

Return

I =1

1

[s CC(I) > wax. concentration at ZCON ? |rethmm—m——

Yes ‘ No

Compute YC(I)

'

s 1.GT.INM ? |
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100 Use TeRiele's Equations
e 1s (zconssz)' * 2% .61, 13.81 2
i Yes ‘
F Return I =1
,-1 Is CC(I) > max concentraticn at ZCON ?
F‘ Yes F\lo
5 Compute YC(I)
h I=1+1
- *
3
»__'j Is I.GT. INUM? ,_.J
! No
& Yes
Return
o
f
»I‘
-
1
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Subroutine START

This subroutine computes a set of initial values for plume radius,
plume velocity, plume angle, and the vertical and horizontal coordinates
of the plume centerline. This set of initial values is needed to start
the numerical computation of Qoms' piume ncdel equations.

The subroutine i5 called once by the main program ONDEK. Control
is returned to ONDEK when the subroutine computations are finished.
The subroutine call furnishes values for the molecular weight of air, WMA.
The subroutine returns a value for the molecular weight of the air and
chemical mixture, WMJ, and the set of initial values for the plume vari-
ables in array YR. Other data is furnished to subroutine START through
common blocks DAT1, DATZ and DA7T3.

Compute ambient wind speed
at deck height, UDECK

l
'

Compute molar concentration
of chemical vapor, CO

l

Compute molecular weight of chemical
vapor and air mixture, WMJ

;

Compute jet momentum ratio, JAY

l

Compute plume traiectory parameters,
AY and BY for Kamotani and Greber's
jet trajectory correlation

\

Compute plume path length, ROW, needed
for the development of a Gaussian
concentration profile

l

Initialize plume path length, PATHL,
and plume horizontal, XO0D,
and vertical, Z0D rcoordinates to 0

‘ 118
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Yes

#

Step XOD by 0.1 meter
and compute 20D and PATHL

l

Is PATHL . LT .ROW ?

JNO

Compute FXOD, horizontal location
where PATHL = ROW

1

Compute initial values of plume
variables and store in YR array

R

Return control to Program ONDEK

119
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Subroutine INDAT

This subroutine permits the user to supply input data in an inter-
active manner. The program identifies each variable to be specified,
lists the current “default” value, and asks the user if this value is
accepted. If the value is accepted, the subroutine advances the next vari-
able and repeats the input process. If the value is rejected, the sub-
routine asks for and accepts a new value, then advances to the next vari-
able.

The subroutine is called once by the main program ONDEK Control
is returned to ONDEK when all input data values are specified. All input
data values are transferred to the main program through common blocks
DAT1, DAT2, DAT3, DAT4, DATS5, and DATG.

Enter name of vessel, place or describing
phrase and store in array APLACE

1

Enter name of cargo vapor or gas being
emitted and store in arvay AGAS

'

5 ‘—-o-‘ List current values for vent geometry variables

0o VD vent diameter
0o VH = vent height
0 ZDECK = deck height

l

Do you wart to use all of these values (Y/N)?

{ Yes No

Call PROMPT tc enter
new value for VD #

.

Call PROMPT to enter
new value for VH

'

Call PROMPT to enter

new value for ZDECK
-- ' 120 $
Go to 5

-
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— List current values for atmospheric conditions
o PO = atmospheric pressure
o T0 = atmospheric temperature
A o UR = wind speed at ZREF
o ZREF = vreference height
0 UTLV = wind turbulence level

|

Do you want to use all of these values (Y/N)?

l Yes

PROMPT to enter

PO |

No

Call
new value for

|

A Call PROMPT to enter
new value for T0

|

Call PROMPT to enter #

new value for UR

'

Call PROMPT to enter
new value for ZREF

o

Call PROMPT to enter
new value for UTLV

. ' ,

Go to 15
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List current values for plume vent conditions

QL
QVENT
WMG
PVAP
co

L1 | B VI V|

O O0OO0O0Oo0

cargo loading rate
vent velocity

vapor molecular weight
€argo vapor pressure
vent concentration

Do you want to use all of these values {Y/N)?

lYes

Call PROMPT to enter
new value for QL

l

Calculate value of UVENT

l

Call PROMPT to enter
new value for" WMG

'

Call PROMPT to enter
new value for PVAP

l

Calculate value of CO

Go

L

to 25
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35

!

List current values for plume computation

o SO = plume path distance
o DISTAN = distance between printouts
o DISMAX = maximum downwind distance

1

Do you want to use all of these values (Y/N)?

l Yes e

Call PROMPT to enter
new value for SO

{

Call PROMPT to enter
new value for DISTAN V

J

Call PROMPT to enter
new value for DISMAX

o

Go to 35 ‘
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45 List current values for flammability and
health threshold concentrations

o UEL = wupper flammability limit

o LEL = 1lower flammability limit

0o STEL = short term exposure limit
0o TLV = threshold limit value

o ODOR = odor threshold

L

Do you want to use all of these values(Y/N)?

l Yes No

Call PROMPT to enter
new value for UEL

' !

# Call PROMPT to enter

new value for LEL

]

Call PROMPT to enter
new value for STEL

I v

Call PROMPT to enter
new vaiue for TLV

'

Call PROMPT to enter
new value for QDOR

by

Go to 45
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55 - List current values for concentration
b contour plot

]! 0 CC1 = wuser specified

o 0 CC2 = odor threshold

p} 0 CC3 = wupper flammability limit
- 0 CC4 = Tlower flammability limit
" o CC5 = short term exposure limit
: 0 CC6 = threshold 1imit value

" [

Do you want to use all of these values(Y/N)?

lves ! No

Call PROMPT to enter CCI

#

Call PROMPT to enter C(C2

-

T v -
AR ARy = A

k Call PROMPT to enter C(CC3

' !

Call PROMPT to enter C(CC4

#

Call PROMPT to enter CC5

l

ﬁ Call PROMPT to enter CC6

'

Go to 55
Y

Return Control to Program ONDEK
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Subroutine PROMPT

This subroutine is used to simplify the control logic in
subroutine INDAT. It is called by INDAT to prompt the user to
either accept the current value of an input variable or to type in
a new value to be stored in VALUE

List the current default value of VALUE

|

Do you want to use this default value(Y/N)?

Yes l No

Type in new value and
store in VALUE

, l

Return control to subroutine INDAT
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111.2.7 Example

}]! This section gives an example that illustrates the use of
1 program ONDEK to compute the dispersion of a plume of benzene vapor and
air emitted from an open ullage hatch during cargo loading on a barge. The
desired input data values are given below.

Date: Mar. 16, 1983
Name: Benzene Barge Loading
2 Vapor: Benzene Vapor
?: Vent diameter: 0.203 m
[‘ Vent height: 1.0m
- Deck height: 1.0m
Atmospheric pressure: 760 mm Hg
Atmospheric temperature: 520.0 °R
Wind speed: 2.24 m/s
Reference height: 10 m
Turbulence level: 20%
Cargo loading rate: 79 m3/hr

Vapor molecular weight:
Vapor pressure:

Initial plume path distance: O m
Distance between printouts: 1 m
Maximum downwind distance: 10m
Upper flammable limit: 7.9%
Lower flammable limit: 1.3%
Short term exposure limit: 75 ppm

, Threshold 1imit value: 25 ppm

L Odor threshold 4.68 ppm

4 CC1 (user specified value): 1000 ppm
CC2 (odor threshold): 4 .68 ppm
CC3 (UEL): 79000 ppm

A CC4 (LEL): 13000 ppm

Pl CC5 (STEL): 75 ppm

- cc6 (TLV): 25 ppm

1 127

o o I

78 .11

77.6 mm Hg (which is equivalent toH
100% of the saturation vapor
concentration in air)




The interactive input of data by the user from a terminal
is shown below. Each line of input typed by the user is signified by the
words *** USER INPUT *** +typed in the righthand margin.

SlUN ONDERA

HENACREKFERSE ROGEAM ORI Rkl kokdor i

THIS FROGREANM COMPUTES THE T LCTORY oMt CUORCTINTIEY TON
VIS TRIRUTTON OF  BUOYART 1 UME OF  CHEMTCAL WakDR AND pik
[HAT ARE EMTUTEL TN THE ALK ABOUE & SHEF Of BASRGE Ti2Ck

FREFARE TD ENTER CHFUT 0ATA REQUIREDT BY THE PROGRAM
FRTER TOUAYXS Dadk (L TO 40 CHaRATTERS D

MAK Loyt *EXYSER INPUT***

LR R B U S U B R T e N

ENGEE MamE OF UESSELy FLACE QR DESCE)
CUF T A0 CHARAD TERS)

P S SR P N S ¢ o

LG CHRSEE

BIINZE T TARGE LOATHTRG
ENYER HAME O CartGl VarOR OR GES kb Te
CUr T 20 CHakACTIERSG

X kSER INPUT***

£ + ¢ or v o E e

EMET 0D

B R I I I R A A EREEE I
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Tabular and graphical outputs were obtained from both the
ONDEK3 and ONDEK4 computer programs for this example. Figures 9 through 13
show the output from the ONDEK4 program. The analogous set of tables and
graphs obtained from the ONDEK3 program is shown in Appendix E.

Figure 9 shows the input data summary page for this ex-
ample. Figure 10 shows the computed output for values of the plume variables
and concentration contours in table form. Note that concentration contours
were found only for CC2, the odor threshold concentration, CC5, the short
term exposure limit, and CC6, the threshold limit value.

Figure 1] shows a graph of plume centerline concentration
versus downwind distance. Note that the plume centerline :oncentration ex-
ceeds the LEL, STEL, and TLV at different distances downwind of the vent.

Figure 12 shows a graph of vapor concentration at man
breathing height versus downwind distance. Note that very close to the
vent, the concentration at breathing height is below the TLV. However,
further away from the vent the breathing height concentration exceeds both
the TLV and STEL Tevels.

Figure 13 shows a plot of the concentration contours at
man breathing height above the deck. Note that the vapor concentration
exceeds the STEL for up to 8 meters downwind of the vent, and the TLV for
more than 10 meters.

For the specified conditions of cargo loading rate, vent
concentration, vent height, and atmospheric conditions, the following con-
clusions can be drawn:

0 A low tank vent (~ Im above the deck), as is often used to
vent the tank atmosphere during cargo loading on a barge.
is not tall enough to prevent the benzene vapor concentra-
tion from exceeding both the short term exposure 1limit, and
the threshold limit value over a substantial area downwind
of the vent.

0 A tankerman, whose work requires him to be present on the
deck of the barge, may receive an exposure to benzene vapor
that exceeds either or both the STEL and the TLV depending
upon (1) the amount of time he spends on deck, (2) his proxi-
mity to the tank vent, (3) his ability to stand upwind, or
at right angles to the direction of plume travel.

p 0 Given the potential for exposure to potentially hazardous
b levels of benzene vapor during his work activities, a tanker-
r man would be well advised to wear an approv~{ cartridge
respirator mask to remove benzene vapor frum the air he
breaths during cargo loading activities.
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TITLE= BENZENE BARGE LOADING DATE= MAR 164.1983
METEOROLOGICAL CONDITIONS

O BAROMETRIC PRESSURE=760. 000 MM HG AIR TEMPERATURE=S20 O DEG R
O AVERAGE WIND SPEED= 2 24 M/S AT REFERENCE HEIGHT= 10 .00 M

o} WIND EXPONENT= 0. 14

o} TURBULENCE LEVEL= 20. 00

VAPOR VENTING CONDITIONS
5 0 VENT DIAMETER= 0. 20 METERS
1 o} VENT HEIGHT= 1 00 METERS ABOVE THE DECK
= 0 DECK HEIGHT= 1. 00 METERS ABOVE THE WATER
‘ s} EMITTED VAPOR= BENZENE VAPOR
- 0 MOLECULAR MWEIGHT= 33 99 OF GAS AND AIR MIXTURE
0 VENT CONCENTRATION= 0. 337E+00 KG/ (M##3)
= 0 VENT I[NG FLOWRATE= 79. (M#%3)/HR
N o] VENTING VELOCITY= 0.68 M/SEC

VALUES OF CONCENTRATION FOR FLAMMABILITY AND HEALTH HAZARDS

0 UPPER FLAMMABLE LIMIT (UEL) = O 261E+00 KG/(M#%3)
o] LOWER FLAMMABLE LIMIT (LEL) = 0. 429E~01 KG/(M#x*3)
0 SHORT TERM INHALATION LIMIT (STIL)= 0. 24BE-03 KGC/ (M##3)
(] THRESHOLD LIMIT VALUE (TLV) = 0. B26E-04 KG/ (M##3)
0 ODOR THRESHOLD (ODOR) = O. 155E-04 KG/ (M##3)

VALUES OF CONCENTRATION CHOSEN FOR CONCENTRATION CONTOURS

o} Cl1 = 0. 330E-02 (KG/M#x3)
o C2 = 0. 155E-04 (KG/M##3)
o . C3 = 0. 261E+00 (KG/M#%3)
(n} C4 = 0 429E-01 (KG/Mu#3)
o C5 = 0. 248BE-03 (KG/M#x3)
0 Cé = 0. B26E-04 (KG/Me#3)
0 PREDICTED FOR A HEIGHT OF 1. 680 METERS ABOVE DECK LEVEL

NUMERICAL INTEGRATION DATA

0 STEP SIZE= 0. 0406 METERS. MAXIMUM DOWNWIND DISTANCE= 10 00 METERS

&

-

FIGURE 9. SUMMARY OF INPUT DATA FOR BENZENE LOADING EXAMPLE
o
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I11.3 Limitations of the ONDEK Model

The ONDEK chemical plume dispersion model does have some limita-
tions due to assumptions invoked when the model was derived. These key
assumptions are the following:

0 the chemical vapor concentration distribution is assumed to
be symmetrical about the plume axis;

0 the temperature difference between the plume and the surround-
ing air stream is assumed to be small;

0 it is assumed that on-deck structure does not shield the tank
vent from the wind;

0 the ambient windspeed near the tank vent is assumed to be
equal to or greater than 0.5 m/s.

The model limitations resulting from these assumptions are discussed
in more depth in Section IV.3.5 of Reference 13.
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I11.3 Limitations of the ONDEK Model
o The ONDEK chemical plume dispersion model does have some limita-
‘]! tions due to assumptions invoked when the model was derived. These key
- assumptions are the following:
0 the chemical vapor concentration distribution is assumed to
be symmetrical about the plume axis;
h 0 the temperature difference between the plume and the surround-

ing air stream is assumed to be small;

] it is assumed that on-deck structure does not shield the tank
vent from the wind;

0 the ambient windspeed near the tank vent is assumed to be
equal to or greater than 0.5 m/s.

The model limitations resulting from these assumptions are discussed
in more depth in Section IV.3.5 of Reference 13.
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APPENDIX A

PROGRAM LISTINGS FOR
PRETNK (Interactive Driver),

TANKM,
and
TANKP




G R

v Y!'," Pt Ad

Las anse soou, o

—

I

——
Y )

!

B B B

P

A e B~

e e -

W R W W e " e e

INTERACTIVE DRIVER,
PRETNK

PO B A aS. A L & & s & a

PN Y W A L B W D A T DA IR R W -J



7

AR R s
X YRR

R e
i .

't J

_—..
S
@ ..

e

Yy

RPN WP IPRE\

e Bne anae o -
T - - .

M A Snan oen et SeeErIbeme dais Bhin T ieiie Maies Shdie Saii Ains o
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PRETNK. FTN; 72 /F77/TR: ALL/WR
0001 PROGRAM PRETNK
c
c THIS PROGRAM IS AN ITERACTIVE DATA INPUT FORMULATION
c PROGRAM FOR PROGRAMS TANKM AND TANKP.
c
0002 DIMENSION MDOT(200), TABTEM(14), TABTIM(14), ETIME(200),
1 ECVPPM(200)
0003 REAL L., M
0004 INTEGER TESTNO., HEVAL
c
0005 25 CONT INUE
0006 TYPE*, © *
0007 TYPE*, ‘PROGRAM PRETNK IS AN INTERACTIVE PROGRAM DESIGNED FOR’
0008 TYPE%, ‘THE USER TO EASILY INPUT DATA COMPATIBLE FOR PROGRAM’
0009 TYPE#*, ‘TANKM OR .TANKP ’
0010 TYPE®, * ~
0011 TYPE%*, © 1. TANKM - PROGRAM THAT CALCULATES THE CONCENTRATION-'
0012 TYPE®, * TIME HISTORY OF CHEMICAL VAPORS DISCHARGER'
0013 TYPE#, FROM A TANK DURING DILUTION VENTILATION IN’
0014 TYPE#, - THE PRESENCE OF CHEMICAL SOLUTE EVAPORATIIN'
0015 TYPE®, ’ FROM AN AQUEOUS SOLUTION OF RESIDUAL CAKGO
0014 TYPE#, ¢ ON THE TANK FLOOR “
0017 TYPE#, © 2. TANKP ~ PROGRAM THAT CALCULATES THE CONCENTRATION-’
0018 TYPE#, * TIME HISTORY OF CHEMICAL VAPOR DISCHARGED
0019 TYPES, FROM A TANK DURING DILUTION VENTILATION IN‘
0020 TYPE®, * THE PRESENCE OF EVAPORATION OF PURE -
ooz21 TYPE#*, * CHEMICAL RESIDUES FROM THE TANK WALLS AND’
o022 TYPE®, / FLOOR.
0023 TYPE%, ¢
0024 TYPE#, ‘SELECT A 1 OR 2 TO INDICATE FOR WHICH PROGRAM YQU ’
0025 TYPE#*, ‘WISH TO INPUT DATA’
00Rs ACCERT#, ITNK
0027 IF (ITNK _NE. 1 _AND. ITNK .NE. 2) GO TO 25
0028 IF (ITNK EQ3 1) OPEN(UNIT=1, NAME='TANKMI. DAT’, TYPE="'NEW ")
Q029 IF (ITNK . EQ. 2) OPEN(UNIT=2, NAME='TANKPI. DAT’, TYPE='NEW’)
0030 TYPE®, © *
0031 TYPE#, ‘INPUT TEST NUMBER'
0032 ACCEPT%, TESTNO
c
ccceeeeeecceecececececececceeeeaceccececcceececeeececccceeccceeecccececceecceecccceece
C
C INPUT TANK DIMENSIONS
c
cceeeceeeecceeccecececceeecceeecceceeeccececceececceceeececececccccecccccccecceecec
C
0033 CALL TKDIM(L. W, D)
c
el eleo{ o ofofof of of of o of of of o o f d T of ] o f of o] o e of of o T ] o o S S o T S f o T L o ] o ol ] T o o] T o of T S o o f L of o]
C
c INPUT BLOWER FLOW RATE
c
cceceeeeeceecececeeceeceeceeecceeccecccececececcceeeeecccceccecceececccecececceccecececcee
c
0034 50 CONTINUVE
0035 TYPE#, *© *
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0036 TYPE#®, "DO YOU KNOW THE BLOWER FLOW RATE (Y/N)7’
0037 READ(S5, 1) 1IDO
0038 1 FORMAT (A2)
0039 IF (IDUO _NE. 1HY AND IDUO NE 1HN) GO TO 50
0040 IF (IDO .EQ. 1HN) GO TO 1GCO
C
C INPUT MEASURED FLOW RATE
C
0041 TYPE#®, *
C042 TYPE#. ' INPUT MEASURED FLOW RATE (M3/MIN)”
0043 ACCEPT®, Q@
0044 GO TO 200
C DEFAULT VALUES USED AND INPUT
C
0045 100 CONTINUE
0046 CALL BLOWER(G)
c
CCCCCCCCCCCCCCCCCCeCCceCCCCCCCCCLCCeecCeeelCcCCCCCCCCCCCCCCCCCCCCCCCClcecee
C
c INPUT DIAMETER OF BUTTERWORTH OPENING
C
ccceeececececeececcecececceecceccceecececcececeeceeeccccececccceccccccecccecceccece
c
0047 200 CONTINUE
0048 TYPE#, '
0049 TYPE#, 'ENTER DIAMETER OF BUTTERWORTH OPENING IN METERS'
0050 ACCEPT#, DIA
0051 IF (ITNK .EQ. 2) 60 TO 350
c
CCCCCCCCCCCCCCLLceecceeeelcececeeecceceeeceeececcceccceccecceeecccececcceececece
c
C INPUT SOLUTE VAPOR SOLUBILITY
C (FOR TANKM ONLY)
c
cceceeeeeeeececceeeceeccecececceeccceeeeecececceccieccececcecceececccecccccecceccececcececaceccc
c
0052 GAMINF = 0O
0053 €1 = 0.
0054 c2a =20
0055 2295 CONTINUE
0056 TYPE#, *
0057 TYPE#, ‘HOW DO YOU WANT TO CALCULATE HENRY S CONSTANT?
0058 TYPE#, * 1. HENRY S CONSTANT BY MACKAY S METHOD'
0059 TYPE#, © 2 HENRY S CONSTANT BY DILLING S METHOD-
0060 TYPE#, 'SELECT A 1 OR 2’
0041 ACCEPT#, HEVAL
0042 IF (HEVAL .NE. 1 .AND HEVAL .NE. 2) 60 TO 225
0063 IF (HEVAL . EQ. 2) 60 TO 250
0064 TYPE*, ' '/
0065 TYPE#, ‘INPUT GAMINF., ACTIVITY COEFFICIENT AT INFINITE’
0066 TYPE#, 'DILUTION (CHEMICAL IN WATER)'
0067 ACCEPT#, GAMINF
0068 TYPE#, * 7

0069

TYPE#, "INPUT Cl, C2, CURVE FIT COEFFICIENTS OF LIG DENSITY"
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PRETNK. FTN: 72 /F77/TR: ALL/WR
0070 TYPE#, ‘AS FUNCTION OF TEMP. #ROCHEM(MG/M3) = C1+C2%T, T(C)’
0071 ACCEPT#,C1, C2
0072 250 TYPE#®, *
0073 TYPE+, ‘ENTER S, SOLUTE VAPOR SOLUBILITY IN MG/LITER’
0074 ACCEPT%, S
c
e eelelslelof of ol of of of e ol of el ol of f e{ o] of ol of of of T I f o S S f S f f L A f o] of o] of L od ] o] el e o{ { A ol A A A A A A A A S &
¢
C INPUT POSTWASH RESIDUE THICKNESS AND SOLUTE CONCENTRATION
c (FOR TANKM ONLY)
c
o elelel el elol ol of ol ol ol of el ol ol ol ol of of of of ol e{ ] of o] T f H f f f o f A o S T T F L F ol of S o] Sf L of oY Sl S of ol o{ ol of L Sl A A S A o &
C
0075 275 CONTINUE
0076 TYPE®, ©
0077 TYPE#, ‘DO YOU KNOW THE POSTWASH RESIDUE THICKNESS AND SQLUTE’
0078 TYPE#, ‘CONCENTRATION (Y/N)?’
0079 READ(S5, 1) IDO
oo80 IF (IDO .NE. 1HY .AND. IDO .NE. 1HN) GO TO 275%
0081 IF (IDO .EQ. 1HN) G0 TO 300 '
0082 TYPE#, * ~
0083 TYPE#, ‘ENTER RESIDUE THICKNESS AND SOLUTE CONCENTRATION'
0084 ACCEPT#, DELTA. COL
0085 0 TO 400
C
c USE DEFAULTS
c
0086 300 CONT INVE
0087 CALL POSTWH(DELTA, COL, S)
oose ¢0 TO 400
c
ccceeeceececceeececceecceececececceceeececcececececceeeeccecececeeceeccecccecececece
C
c INPUT THE THICKNESS OF THE CHEMICAL RESIDUE ON THE TANK
C BOTTOM AFTER DISCHARGE
c (FOR TANKP ONLY)
c
cceeeeceecccecceeccecceececcceeeceeeceeececeeeceececcecceceeceecceccceceecececcecceceeceeee
(o
008% 350 CONTINUE
0090 CALL CHEMRS(TPOOL, L, W)
c
(o elelololel ol ol o oo of ol of of of of of o o o o] o] o ] o { { o o ol ol L o A L o] L of ol o] e S L o e I S A A H A H e o ol X ] o o1
o
c INPUT THE THICKNESS OF THE RESIDUE ON THE WALLS
C (FOR TANKP ONLY)
c
CCCCCCCCCCCCCCCLCLLLCCeeeeeelecCeCetcCeCeCCCCCCCCCCCCCCCCCCLCCCCLCLCCe
C
0091 CALL TKWALL(TFILM)

C

ool elelelelelolol ol el ol of ol of of of of of of f of ol el o] ol f f A W T { f S { o T S A A o L L o T ol f o] L ] f ] ] f o e T S S S o
c

c INPUT ATMOSPHERIC PRESSURE AND CHEMICAL VAPOR PRESSURE

c CONSTANTS

- - . e el m Sa L. L — e e e A s e
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PRETNK FTN: 72 /E77/TR ALL/WR
C

o092
0093
0094
0095
0096
0097
0098

00°%
0100
0101
0102
0103
0104
0105
0106
0107
108
0109

0110

0111
0112
0113
0114
0115
o116
0117
0118

0119
0120
o121

ccceecececececececeeeccceeceeecceccececececeecceeccececceeccecceccccececcceccececcececcecceccecce
c
400 CONTINUVE
TYPE#, *
TYPE#, "ENTER IN ATMOSPHERIC PRESSURE IN MM HG’
ACCEPTx, PA
TYPE#, * *
TYPE#, 'ENTER A, B, C, CHEMICAL VAPOR PRESSURE CONSTANTS-
ACCEPT#, A, B, C
C
CCCcCcCCeeeecccecececcececeeeceeceececccecceceeceeecceecececcececcecccecceccecceccecccece
¢
C PREVENTILATION VAPOR CONCENTRATION
C
cccceeeeeceeeeeceeeecccececcececccceeececeeceecocceeeecceeececceecceccecceccccececececccc
C
450 CONTINUE
TYPE#, ‘
TYPE#, ‘15 PREVENTILATION YAPOR CONCENTRATION ANOWN (Y/N)7™~’
READ(5. 1) ITIS
IF (ITIS .NE 1HY AND. ITIS .NE. 1HN) GO TO 450
IF (ITIS . EQ. 1HN) GO TO 500
TYPE®, *~
TYPE#, "ENTER CONCENTRATION IN PPM’
ACCEPT#, COV
GO 70 600
500 CONTINUE
CALL PREVNT(COV, A, B, C. PA)
c
cCccCceeeeecceceeececcececcceceececceceecccececceceeccecceeceececeecececceececccececcceccecece
C
c MAN ENTRY INTO TANK
C
Cccceceeeceececeececeecceoceececcececcececeeceeeccececcecececececeecececcececececceccecceocceccc
C
600 CONT INUE
TYPE#, *
TYPE#, 'ENTER FOR INTEGRATION , TI (INITIAL TIME), AND DT ~
TYPE#, ' (INTEGRATION TIME STEP). DT MUST BE A WHOLE NUMBER. ’
TYPE#, ‘TM AND TM+TWORK MUST BE MULTIPLES OF DT. '
ACCEPT+, TI, DT
CALL VTWORK(TWORK, ITWORK, TM)
IF (ITNK _EQ. 1) €0 70 650
C
ceeeececeeccecceceeccecceececeeccecceeceeccccceececceccececcceccecceccecececceececcecce
c

C INPUT VAPOR TEMPERATURES
9 (FOR TANKP ONLY)
C

CCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeceeciceccececee
C
TYPE#®, ©
TYPE#, '"ENTER VAPOR TEMPERATURE. TGAS., IN DEGREES HKELVIN'
TYPE#, 'DURING GAS FREEING. SINCE THE TANK WILL NOT BE-

P L P UD G Y SO R S o el o - . ‘ — SV S WU S SO Y




| i om o s s e e st an e et e e e e s e A sade e ee wnas ra S LI Sae 4

PDP~11 FORTRAN-77 V4. 1-2 09: 49: 55 20-Apr-B83 Page 5
PRETNK. FTN; 72 /FT7/TR: ALL/WR
0122 TYPE#, '"WASHED, AN ISOTHERMAL VENTILATION PROCESS IS ASSUMED’
0123 ACCEPT%, TGAS
0124 G0 TO 475
C
cceeccceceeceececceecceccececececececccecceccecccecececececececceececcececececcececeeecceec
c
c VENTILATION DISCHARGE TEMPERATURE HISTORY
’ c (FOR TANKM ONLY)
c
3
- ccceceeeceeecceceeccecceeeccceeccceececceceecceccecccecececececececccceeceeecceeceecececeeccecece
- C
5 0125 650 CONTINUE
0126 TYPE#*, '
0127 TYPE+, ‘DO YOU KNOW THE VENTILATION TIME-TEMPERATURE DISCHARGE ‘
0128 TYPE*, ‘HISTORY (Y/N) ?*
0129 READ(5, 1) IDD
0130 IF (IDD .NE. 1HY . AND. IDO . NE. 1HN) GO TO &50
0131 TF = TM + TWORK
0132 CALL VENTMP(TABTEM, TABTIM, NUMTAB, IDQ, TI, TF, ™)
C
ccceeeececeececceceeecececececeeceeecececeeceeccececceececceccececeecececeececececececcececcece
c
c OCCUPATIONAL EXPOSURE LIMIT
c
ccceeeeceeececeecececeececceccceecceccececceceeceeecceceececeeceeecececececeecceeceecccecee
c
0133 &75 CONT INUE
0134 TYPE#*, ©
0138 TYPE*, 'ENTER QCCUPATIONAL EXPOSURE LIMITS (ACGIH)
0136 TYPE#, ‘ALL EXPOSURE LIMITS ARE INPUT IN PPM-
0137 TYPE#, ‘DOES THE COMPOUND HAVE A CEILING TLV (Y/N)?°
0138 READ(5. 1) ITDOES
0139 IF (ITDOES .NE. 1HY .AND. ITDOES .NE. 1HN) GO TO &75
0140 TLVC = 0
0141 TLVTWA = 0.
0142 TLVSTL = 0.
0143 IF (ITDOES .EQ. i1MN) €0 TO 700
0144 TYPE#, ‘INPUT TLVC’
0145 ACCEPT+, TLVC
0146 G0 TO B0O
0147 700 CONTINUE
0148 TYPE#*, © *
0149 TYPE#+, ‘INPUT TLVTWA AND TLVSTEL ‘
§ 0150 ACCEPT#, TLVTWA, TLVSTL
- c
b cceceeeceecceeecceececceeceeececceecceeccececececececeecceececeececceccececeececeecceeececece
b C
:: c INPUT REMAINING DATA
- C
! . ccceeeeeeeccececececeeccececeececeeecccecececeececeeceeececcececececcececeeeeccecceceececeecccece
c
- 0151 800 CONTINUE
B 0132 TYPE#®, ' ~
- 0153 TYPE#, ‘ENTER M, SOLUTE MOLECULAR WT. IN GM/MOLE’
{ 0154 ACCEPT», M
-
r @
b -
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PRETNK FTN; 72

0155
0156
0157
0158
01359
0160
0161
0162
0163
0164
0165 850
0166
0147
0168
0169
0170
0171
0172
0173 200
Q174

gO0o0

0175
0176
0177
o178
0179
0180
0181
o182

NisNeNe)

0183
0184
0185
o186
0187
oies
0189
0190
0191
0192
0193
0194
0195
0196
0197
o198
0199
0200
0201
002
0203

/F77/TR ALL/WR

TYPEs, ©
TYPE#, "ENTER R2, JET DEFLECTION + WALL JET DISTANCE IN METCRS'
ACCEPT#+, R2
TYPE®, *
TYPE#+, 'INPUT NUMBER OF POINTS IN EXPERIMENTAL DATA . MAXIMUM’
TYPE#, ‘OF 200 POINTS (ENTER O (ZERO) IF NO POINTS) '
ACCEPT#, NUMEXP
IF (NUMEXP . LE. 200) GO TO 850
TYPE#®, '###200 IS MAXIMUM ~ REMAINDER 1S IGMORED#s## '
NUMEXP = 200

CONT INUE

IF (NUMEXP EQ. 0) GG TO 900
TYPE#®, ’
TYPE#, *INPUT TIME AND CONCENTRATION FOR EACH POINT”
TYPE®, © ETIME(1) ' ECVPPM(1) ‘
TYPE#®, o , !
TYPE#, * ETIME(NUMEXP) , ECVPPM(NUMEXP) *
ACCEPT#, (ETIME(1), ECVPPM(I), 1=1, NUMEXP)

CLITINUE

IF ITNK .EQ. 2) GO TO 950
ADDITIONAL INPUTS FOR TANKM

CONTINUE

TYPE+, © .

TYPE+#, "1, PERFORM MINIT CALCULATION’

TYPE#, ‘2. BYPASS MINIT CALCULATION'

TYPE®*, ‘SELECT 1 OR 2’

ACCEPT#, JSWTCH

IF (JSWTCH _.NE. 1 AND JSWTCH .NE. 2) GO TO 925
G0 TO 1000

ADDITIONAL INPUTS FOR TANKP

TYPE®, ©

TYPE+®, ‘ENTER TB, CHEMICAL BOILING POQINT, DEG K °
ACCEPT*, TB

TYPE#®, *

TYPE#, 'ENTER IN G. CHEMICAL SURFACE TENSION, DYNES/CM AT 20°
TYPE#+, 'DEG C’

ACCEPT*, G

TYPE®, * 7

TYPE#, "ENTER R, UNIVERSAL GAS CONSTANT (CM3-MM HG) / (MOLE-K)~’
ACCEPT+. R

TYPE®, © 7

TYPE+, "ENTER Ci, C2, CURVE FIT COEFFICIENTS ON LIQUID DENSITY'’
TYPE+, 'AS A FUNCTION OF TEMPERATURE ‘

ACCEPT#.C1, C2

TYPE+, © 7

TYPEe, ‘ENTER ALPHA., BETA, GAMMA, CURVE FIT COEFFICIENTS ON WALL "’
TYPE®, "TEMPERATURE FOR WALLS PARALLEL TO X-Y PLANE IN M’
ACCEPT#, ALPHA, BETA, GAMMA

TYPE, * '

TYPE#». "ENTER ZETA, ETA, THETA, CURVE FIT COEFFICIENTS ON WALL "’
TYPE+, 'TEMPERATURE FOR WALLS PARALLEL TO THE Y-Z PLANE IN M.~

A-6
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',u PRETNK. FTN; 72 /F77/TR: ALL/WR
- 0204 ACCEPT#*, ZETA. ETA., THETA
po 0205 TYPES, *
F‘ 0206 TYPE+, 'ENTER DELTA, EPSILN. PHI, CURVE FIT COEFFICIENTS FOR’
- 0207 TYPE#, ‘KINEMATIC VISCOSITY OF AIR (FT2/SEC) AS A FUNCTION OF -
o 0208 TYPE+, ‘'TEMP(F) AT ATMOSPHERIC PRESSURE.
0209 ACCEPT#, DELTA, EPSILN, PHI
0210 TYPE®, ' -
0211 TYPE#, ‘ENTER STEP, NUMBER OF SUBDIVSIONS OF H, DY=H/STEP’
0212 ACCEPT#, STEP
o 0213 TYPE®, ¢ *
: 0214 TYPE~, ‘ENTER NSTEP. INTEGER VALUE OF STEP”
q 0215 ACCEPT#, NSTEP
1 o216 1000 CONTINUE
c
[‘ CCLCCCECECCCCCCCCCCCCCCCCCCCCCCeCCCeeCeCCeCCCCCCCCCCCCCCCCECCCeceececee
3 c ]
; c BLOWER OPERATIONAL WHILE MAN IN TANK
3 C
CCCCCECCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCCCCCCCCCCECCCCECCCCCCCCeCcecceeee
c
o217 TYPE#, + *
0218 TYPE#, ‘WILL BLOWER BE OPERATING DURING TANK ENTRY (Y/N)7’
0219 READ(S, 1) IBLOW
0220 IF (IBLOW .NE. 1HY .AND. IBLOW .NE. 1HN) @0 TO 1000
c
CCCCCCCCCCCCCCCCCCCCCCCCCCECCCCCCCECCCCCCCCeCCCCeCCCCCCCCCCCCCCCeceece
c
c OUTPUT DATA IN COMPATIBLE FORMAT
c
CCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECECCCCCCECCCCCCCCCCCCCCCCCCeceeee
c
0221 IF (ITNK .EQG. 2) 60 TO 1100
¢
c OUTPUT DATA FOR TANKM
c
0222 WRITE(1,2) TESTND
0223 WRITE(1.3) L. W, D
0224 WRITE(1,3) Q. DELTA
0225 WRITE(1,3) DIA, M
0226 WRITE(1,3) S, GAMINF, C1, C2
0227 WRITE(1,3) A, B, C
0228 WRITE(1,3) PA, R2
0225 WRITE(1,3) COL. COV
0230 WRITE(1,3) TI, TM, TWORK, DT
0231 WRITE(1, 4) NUMTAB
0232 WRITE(1,5) (TABTIM(I). I=1, NUMTAB)

e

0233 WRITE(1,%5) (TABTEM(I), I=1, NUMTAB)
0234 WRITE(1,4) JSWTCH, HEVAL
. 0235 WRITE(1, &) NUMEXP -t
0236 IF (NUMEXP . NE. 0) WRITE(1,7) (ETIME(I), ECVPPM(I), I=1, NUMEXP)
t. 0237 WRITE(1.8) ITWORK, IBLOW
b 0238 WRITE(1,3) TLVC, TLVTWA, TLVSTL
- 0239 2 FORMATI(IS)
0240 3 FORMAT(SE12. 5)
0241 4 FORMAT(213)
} 4
2
bt
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0242
0243
0244
0245
0246

o~NoC O

- OO0

0247
0248
0249

100

0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263

10

1200

P P S

OBl e “Biay St e S 20t
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FORMAT(7FB 3)
FORMAT(1X, I5)
FORMAT(1X, 2F12. 4)
FORMAT (15, A2)

G0 TO 1200

OUTPUT DATA FOR TANKP

CONTINUE
WRITE(2,2) TESTNO
WRITE(2,9) L, W,
cz
WRITE(2,9) DELTA,
FORMAT(6EL12. 6)
WRITE(2, 10) NSTEP
FORMAT(I4)

D. M. PA, TB, G, R, STEP, A, B, C, CI.

EPSILN, PHI

WRITE(2.9) COV, @, TFILM, TPOOL. TGAS, DIA. R2
WRITE(2,9) ALPHA, BETA, GAMMA
WRITE(2,9) ZETA, ETA, THETA
WRITE(2, 6) NUMEXP
IF (NUMEXP . NE. 0) WRITE(2,7) (ETIME(I), ECVPPM(I), I=1, NUMEXP)
WRITE(2,9) TI, TM, TWORK, DT
WRITE(2,3) TLVC, TLVTWA, TLVSTL
WRITE(2,8) ITWORK, IBLOW
CONTINUE
END
A-8
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PRETNK. FTN, 72 /F77/TR: ALL/WR
0001 SUBROUTINE TKDIM(L, W. D)

0002

0003
0004
0005
0006
0007
o008
0009
0010
0011
0012
0013

0014
0015
0014
0017
Q018
0019
0020
0021
0022

0023
0024
0025
0026
0027
o028
0029
0030
0031
0032
0033
0034
0035
00346
0037
0038

c

e eedelelol ol of of of o e oo o of of ol o of of of of o] o of el d f of of of o o] o T of o of of o o o o ol o of of of of of o o f T o] of ] of o of of o o o] o o1
c

c INPUT OR SELECT TANK DIMENSIONS

c
ccccceceecceaceeccecceeeeceecceeceeeececececcceeeceecceeeceeccceecceceecee
c

REAL L

c

S50 CONTINUE
TYPE#, * ¢

TYPE#%, ‘DO YOU HAVE TANK DIMENSIONS (Y/N)7‘
READ(S, 1) 1DO
5 FORMAT (A2)

IF (IDO .NE. 1HY .AND. IDO .NE. 1mN) GO TO S0

IF (IDO .EQG. 1HN) GO TO 100 ) A
TYPE®, * !
TYPE#, ‘ENTER TANK LENGTH, WIDTH. AND DEPTH IN METERS’
ACCEPT#, L, W, D

0 TO 500
c
c USER DOES NOT KNOW DIMENSIONS
c
100 CONTINUE
TYPE#, *
TYPE#, ‘WHAT TYPE OF TANK IS IT?’
TYPE#*, / 1. BARGE’
TYPES, ¢ 2. SHIP“
TYPE#, ‘SELECT | OR 2°
ACCEPT#, ITYPE
IF (ITYPE .NE. 1 .AND. ITYPE .NE. 2) €D TO 100
IF (ITYPE .EQ. 2) 60 TO 300
c
c TANK IS A BARGE
C
150 CONT INUE
TYPE®, *
TYPE#, '‘DEFAULT DIMENSIONS OF TANK: ‘
TYPE#, ' 1. LARGE: FULL BEAM TANKS’
TYPE®, ’ LENGTH = 16.5 M’
TYPE®, WIDTH = 8.2 M/
TYPE#, ’ DEPTH = 4. 4 M’
TYPE#, © 2. SMALL: PORT/STARBDARD TANK SYMMETRIC ABOUT‘
TYPEs, CENTER LINE’
TYPE#, LENGTH = 9.0 M~
TYPE*, * WIDTH = 6.8 M
TYPE#®, DEPTH = 3. 6 M’
TYPE#, ‘SELECT 1 OR 2°
ACCEPT+, IBARGE
IF (IBARGE .NE. 1 .AND. IBARGE .NE. 2) @0 TO 150
IF (IBARQE .EG. 2) 60 TO 200
c
c LARCGE BARGE
c
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PRETNK. FTN, 72

0039
0040
0041
0042

ROOOO

0043
0044
0045
0046
0047

Wano

0048
00493
0050
0051
0052
0053
0054
00355
005%6
0057
0058
0059
0060
0061
0062

aoo

0063
0064
0065
0066

LOOO

0067
0068
0069
0070
0071 S$00
0072

0073

09 50: 3%
/F77/TR: ALL/WR

L = 16 5
W= 82
D= 4 4
GO TO 500

SMALL BARGE

CONT INUE

TANK IS IN A SHIP

CONTINUE
TYPE®, * -
TYPE#, ‘DEFAULT DIMENSIONS FOR

TYPE#%, * 1. CENTER TANK’
TYPE=®, ’ LENGTH = 12.2 M’
TYPE*, ’ WIDTH = 10.9 M’
TYPE#, DEPTH = 14.6 M’
TYPE#, © 2 WING TANK '’
TYPE#*, ’ LEMNGTH = 12. 2 M’
TYPE®, WIDTH = 7.3 M’
TYPE=*, * DEPTH = 14. 6 M’
TYPE#, ‘SELECT 1 OR 2~
ACCEPT#*, ISHIP

IF (ISHIP .NE. 1 .AND. ISHIP

IF (ISHIP .EQ. 2) GO TO 400
CENTER TANK

L =122
W= 109
D =146
60 TO 500

WING TANK

CONTINUE
L=122
W= 73
D= 146
CONTINUE
RETURN
END

A-10
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SHIP TANK: ’

.NE. 2) GO TO 300
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PRETNK. FTN; 72

0001

0002

0003
0004
0005
0006
0007
0008
0009
0010
0011
0012

0013
0014
0015
0016

0018
0019
0020
0021
o022
0023
0024

0025
0026
0027
o028
0029
0030
0031

0032

0034
0035
0036
0037
0038

c

/F77/TR: ALL/WR

SUBROUTINE BLOWER(G)

cceeeececececceceeececcecceecceecceccececececcececeeecceececececcececceecececcececcccccecce
c

c
C

INPUT OR SELECT BLOWER FLOW RATE

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCuCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeee

c

c
S0

000

RO

o000

REAL K

CONTINUE
TYPE®, ©
TYPE#, ‘DD YOU KNOW THE BLOWER TYPE AND PRESSURE (Y/N)7'’
READ(S5, 1) IDO
FORMAT (A2)
IF (IDO .NE. 1HY .AND. IDO .NE. 1HN) GO TO 50
IF (IDO .EQ. 1HN) GO TO 100
TYPE+, ‘USE MANUFACTURES G—-P DATA - INPUT FLOW RATE’
ACCEPT+, G
€0 TO 200

SELECT DEFAULT VALUESS

CONTINUE
TYPE®, ¢

TYPE#, SELECT DEFAULT FLOW RATE:

TYPE#, © 1. LOW = 36 M3/MIN’

TYPE#, © 2. MEDIUM = 96 M3/MIN’

TYPE#, ! 3. HIGH = 124 M3/MIN’

TYPE+, ‘ENTER A 1, 2, OR 3°

ACCEPT#, IRATE

IFCIRATE .NE. 1 .AND. IRATE .NE. 2 .AND. IRATE .NE. 3) GO TO
IF (IRATE .EG. 1) G = 36.

IF (IRATE .EG. 2) G = 96.

IF (IRATE .£Q. 3) Q@ = 124.

1S BLOWER OPERATIONAL

CONTINUVE

TYPE*, '

TYPE#, /1S BLOWER FULLY OPERATIONAL AND FULLY MATED WITH
TYPE%, ‘BUTTERWORTH OPENINGS (Y/N) 7’

READ(S.,1) ITIS

IF (ITIS .NE. 1HY .AND. ITIS .NE. 1HN) @O TO 200

IF (ITIS .EG. 1HY) @0 TD 300

MODIFY @G

TYPE%, * ~

TYPE#, ‘MANY FACTORS CAN CONTRIBUTE TO A REDUCED FLOW RATE. *
TYPE#, ‘AS SUCH, A DEFAULT VALUE IS NOT OFFERED BUT IS TO BE’
TYPE#, ‘S8ELECTED BASED ON THE USER JUDGEMENT. INSERT THE'’
TYPE#®, ‘SELECTED VALUE OF K, WHERE : '’

TYPE#®, * K = FRACTION OF RATED AIR FLOW ENTERING TANK’
ACCEPT#, K

A-11
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0039
0040
0041
0042

Q=0 * K

300 CONTINUE
RETURN
END

A-12
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- 0001 SUBROUTINE POSTWH(DELTA. COL, S)
§ c
- CCCCCCCCCCCCCCCCCCCCCCCEeCCCeCCCCCCCCCCCCECCCCCCiCCCCECECECCeCCCCececcee
. c
. c INPUT OR SELECT POSTWASH RESIDUE THICKNESS AND SOLUTE
b c CONCENTRATION
¢
CCCCCCCCCCCECCCECCCCCCCCCCCCCCCCCeCeCeCCeCCeecCCCeecCeeececeeeeecceceeeecee
c
b
0002 50 CONTINUE
0003 TYPE®, ¢ *
0004 TYPE#, 'THE ESTIMATED DEFAULT RANGE FOR POSTWASH RESIDUE
0005 TYPE#, ‘THICKNESS:
r‘ 0006 TYPE#, ' DELTA = 0.1 CM - 2.5 CM’
| 0007 TYPE+, ‘SELECT AND INPUT A NUMERICAL VALUE WITHIN THIS RANGE‘
- 0008 ACCEPT*, DELTA
s 0009 IF (DELTA .LT. .1 .OR. DELTA .CT. 2. %) GO TO 50
- 0010 7% CONTINUE
3 0011 TYPE#, + ¢
g 0012 TYPE#, ‘DO YOU KNOW THE SOLUTE CONCENTRATION (Y/N)?’
0013 READ(S. 1) IDO
0014 1 FORMAT (A2)
0015 IF (IDO .NE. 1HY .AND. IDO .NE. 1HN) €O TO 75
0016 IF (IDO .EG. 1HN) @0 TO 100
c
c SOLUTE CONCENTRATION KNOWN. SELECT DELTA FROM DEFAULT
c RANGE
c
0017 TYPE#,  INPUT SOLUTE CONCENTRATION, COL’
0018 ACCEPT+, COL
0019 @0 TO 300
c
c NEITHER SOLUTE CONCENTRATION NOR DELTA KNOWN
C
0020 100 CONTINUE
0021 TYPE®, * ¢
0022 TYPE#, ‘CALCULATE SOLUTE CONCENTRATION’
3 0023 TYPE®, ¢+ *
3 0024 TYPE#, 'DEFAULT OPTIONS FOR RESIDUAL CHEMICAL VOLUME AFTER’
- 0025 TYPE+*, ‘DISCHARGE ARE: ‘
r 0026 TYPE#, * 1. FOR LOW KINEMATIC VISCOSITY CARGOS, HIGH DRAFT’
f 0027 TYPE#, * DIFFERENCE DURIN® DISCHARGE, DEEP WELL PUMPS WITH'
L. 0028 TYPE, * SUMP AND SUMP STRIPPED WITH EDUCTOR’
{ 0029 TYPE#, * VRES = 0.2 M3’
. 0030 TYPE#, ' 2. FOR HIGH KINEMATIC VISCOSITY CARGOS. LOW DRAFT’
0031 TYPE®, * DIFFERENCE DURING DISCHARGE. NO DEEP WELL PUMP OR’
0032 TYPE®, SUMP.
0033 TYPEs, * VRES = 5.0 M3’
0034 TYPE#, ‘SELECT AND ENTER A "1" DR "2"*
i 0035 VRES = .2
| 0036 ACCEPT#, IVRES
4 0037 IF (IVRES .NE. 1 .AND. 1VRES .NE. 2) €0 TO 100
B 0038 IF (IVRES .EG. @) VRES = 5.0
0039 TYPE®, ¢ -
: 0040 TYPE#, ‘DEFAULT WASHING TIME IS 48 MIN. WITH A DEFAULT WASH *
¢
-~
.
N
‘ A-13
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PRETNK. FTN. 72 /F77/TR: ALL/WR
0041 TYPE+*. '"WATER RATE OF O 2B M3/MIN
0042 TYPE*, ' *
0043 TYPE®, ‘INPUT PURE CHEMICAL DENSITY IN €/CC. °
0044 ACCEPT#, PCHEM
c
c CALCULATE CONCENTRATION OF SOLUTE
c
0045 COL = VRES * PCHEM # 1E9 / (.28 # 48. + VRES)
0046 TYPE®, ©
0047 TYPE+, ‘COL = ’,COL, © MG/M3’
C
C CHECK CONCENTRATION AGAINST SOLUBILITY LIMIT
c
0048 COLCHK = COL / 1000.
0049 IF (COLCHK . GE. S) &0 TO 200
c .
c CONCENTRATION 1S LESS THAN SOLUBILITY LIMIT
C
0050 TYPE#, ‘COL IS LESS THAN SOLUBILITY LIMIT. MODEL WILL USE THE’
0051 TYPE#, ‘DEFAULT VALUE’
0052 60 TO 300
C
c CONCENTRATION IS GREATER THAN OR EQUAL TO SOLUBILITY LIMIT
C
0053 200 CONTINUE
0054 COL = S * 1000
0055 TYPE®, ’ ~’
0056 TYPE#, ‘CALCULATED DEFAULT EXCEEDS THE SOLUBILITY LIMIT. MODEL’
0057 TYPE#*, ‘WILL USE MODIFIED DEFAULT CONCENTRATION EQUAL TO °
0058 TYPE#, 'SOLUBILITY LIMIT’
0059 TYPE+, 'COL = “/,COL
Q060 300 CONTINUE
0061 RETURN
0062 END

A-14
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0001 SUBROUTINE CHEMRS(TPOOL. L, W)
C
[ o of o o ol o of of o o o o o o { A X { o o X { A A H A A X { el { { ] S { ] o H{ el s{ T L ] S el el L el ol ol I el e A e L ] L S e o
C
Cc INPUT OR SELECT THE THICKNESS OF THE CHEMICAL RESIDUE ON THE
C TANK BOTTOM AFTER DISCHARGE
(of
CCCLCCCecleeececteececcCtCeCcccCCCCoCCCCCCeCCCCCCCCCCCLCeeCeeeeceeeceeeeceee
C '
0002 50 CONTINUE
0003 TV'PE#, '
0004 TYPE+, ‘THE PROGRAM ASSUMES THAT THE VESSEL TRIM ANGLE IS’
0005 TYPE#%, ‘REDUCED TO ZERO AFTER DISCHARGE AND THE CHEMICAL ‘
0006 TYPE#, ‘RESIDUE IS UNIFORMLY DISTRIBUTED OVER THE TANK BOTTOM’
0007 TYPE#+, ‘DURING GAS FREEING. ’
0008 TYPES, © ¢ .
000% TYPE+, ‘DO YOU KNOW THE THICKNESS OF THIS CHEMICAL RESIDUE ON’
0010 TYPE#, ‘THE TANK BOTTOM AFTER DISCHARGE (Y/N)?’
0011 READ(S, 1) IKNOW
0012 IF (IKNOW .NE. 1HY . AND. IKNOW .NE. 1HN) GO TO 50
0013 1 FORMAT (A2)
0014 IF (IKNOW .EQ. 1HN) GO TO 100
Cc
Cc USER INPUT TPOOL
c
0015 TYPE®, * *
0016 TYPE#, ' INPUT TPOOL, THE THICKNESS OF LIQUID LAYER ON TANK’
0017 TYPE#*, ‘BOTTOM, IN.CM’
0018 ACCEPT#, TPOOL
0019 0 TO 400
C
C HELP USER CALCULATE TPOOL
C
0020 100 CONTINUE
0021 TYPE#*, '
o022 TYPE#, ‘DO YOU HAVE AN ESTIMATE OF THE VOLUME OF RESIDUAL *
0023 TYPE#, ‘PRODUCT REMAINING ON THE TANK BOTTOM AFTER DISCHARGE‘
0024 TYPE#, "(Y/N)?'
0025 READ (5,1) IDO
Q026 IF (IDD .NE. 1HY .AND. IDO .NE. 1HN) @O TO 100
0027 IF (IDO .EQ. 1HY) G0 TO 200
C
c SELECT RESIDuaL CHEMICAL VALUE
[
0028 150 CDNTINUE
0029 TYPE#, /
0030 TVPE*:'DEFAULT DPTIONS FOR RESIDUAL CHEMICAL VOLUME AFTER’
0031 TYPE#+, ‘DISCHARGE ARE:
0032 TYPE#+, * 1. FOR LOW KINEMATIC VISCOSITY CARGOS: HIGH DRAFT’
0033 TYPE#, / DIFFERENCE DURING DISCHARGE, DEEP WELL PUMPS WITH’
0034 TYPE#*, ’ SUMP AND SUMP STRIPPED WITH EDUCTOR '
0035 TYPE#+, ’ VRES = 0.2 M3’
0036 TYPE*, * 2. FOR HIGH KINEMATIC VISCQOSITY CARGOS, LOW DRAFT’
0037 TYPE#, * DIFFERENCE DURING DISCHARGE, ND DEEP WELL PUMP OR’
0038 TYPE#, ’ SUMP.

A-15
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003%
0040
0041
0042
0043
0044
0045

0046
0047
0048
0049

0050
0051
0052
0053
0054
0055
0054

NOOO

WoOooo

400

P SN ST S

/F77/TR: ALL/WR

TYPE®*, ’ VRES = 5.0 M3‘

TYPE#*, 'SELECT AND ENTER A "1" OR "2"“
VRES = .2

ACCEPT#, IVRES

IF (IVRES .NE. 1 .AND. IVRES .NE. 2) GO TDO 150

IF (IVRES .EQ. 2) VRES = 5.0
60 TO 300

INPUT RESIDUAL CHEMICAL VOLUME

CONTINUE

TYPE*®, ©

TYPE#*, 'INPUT VRES, THE VOLUME OF THE RESIDUAL.
ACCEPT%, VRES

CALCULATE TPOQL .

CONTINUE

TPOOL = VRES / (L # W) # 100
TYPE®, *

TYPE+, ‘TPOOL = ’, TPOOL
CONTINUE

RETURN

END

A-16

P S VN W SO RO ST S S o

Page 21

IN M3. /

PR SRS W U P S .




—

PDP-11 FORTRAN-77 V4. 1-2
PRETNK. FTN; 72

0001

0002
0003
0004
0005
0006
0007
ooo8

0009
0010
0011
0012

0013
0014
Q015
0016
0017
o018
0019
0020
oo21
o022
0023
0024
0025
0026
0027
ooz8s

0030

c
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SUBROUTINE TKWALL(TFILM)

Lo ol o of ol of o of of o o of of of o of o] of of ol of of of o of of of of e o of of o el of of o o oL T o oL o o] of o ] oA o o] T o of ] of of o { e w{ T S el o} L d e { ] o o ¢

c
c
C
9

INPUT OR SELECT THE THICKNESS OF THE RESIDUE ON
THE WALLS

o of ol of of of of of of of of of o of o] o o o of o o of o o of o o] o of o of of o o of o of of of o o of o o ol o] o2 of o{ o{ o o { { oY o] o L of e { of o] o ol R o o el &4

c
S0

OO0

00

200

- .. e - .

CONTINUE
TYPE®, *
TYPE#, ‘IS THE FILM THICKNESS ON THE TANK WALLS KNOWN(Y/N)7?’
READ(5, 1) ITIS
FORMAT (A2)

IF (ITIS . NE.
IF (ITIS . EQ.

1HY .AND. ITIS .NE. 1HN) €0 TO 50

1HN) GO TO 100
INPUT FILM THICKNESS

TYPE®*, *

TYPE#, 'INPUT THE FILM THICKNESS.
ACCEPT#+, TFILM

G0 TO 200

TFILM, IN CM. ~

SELECT FILM THICKNESS

CONTINUE

TYPE#, ‘THE FOLLOWING DEFAULTY OPTIONS REFLECT A CARGO DISCHARGE’
TYPE#, '"RATE OF APPROXIMATELY 200 METRIC TONS/HDUR. THE OPTIONS’
TYPE+, ‘ARE SENSITIVE TO CARGD KINEMATIC VISCOSITY, BUT ARE’

TYPE#, ‘RELATIVELY INDEPENDENT OF TANK PLANFORM DIMENSIONS. ‘
TYPE#, © 1. TFILM = 3. 9E-03 CM FOR KINEMATIC VISCOSITIES’
TYPE®*, OF THE ORDER OF 200E-06 M2/SEC. ’

TYPE%, © 2. TFILM = 0. 11E-03 CM FOR KINEMATIC VISOCITIES'
TYPE#, APPROACHING 1E-06 M2/SEC’

TYPE*, *

TYPE#, ‘ENTER A 1 DR 2 TD SELECT THE DESIRED TFILM’
ACCEPT+, IOPT

IF (IOPT .NE. 1 .AND.
TFILM = 3. 9E-03

IF (IOPT .EGQ. 2) TFILM = 0. 11E-03
CONTINUE

RETURN

END

IOPT .NE. 2) €0 TO 100

A-17




P

[ ‘ '
. ! l- voe ey,
e . . .

o
s s

v v -
P

v - - > v
]
s “a
T

ST ',va'.‘«‘ hraie i

;’I.’i Rd ‘.'4

‘

L ah i an 2P db g

'
S

b
L'.
3

-V Ty Iy YW R Y wr T v vy
- Y VRN .

ER vVvV."uﬁv—"""”
. KR SR

PDP-11 FORTRAN-77 V4 1-2 09 51 07 20-Apr~-83 Page 25
PRETNK. FTN; 72 /F77/TR: ALL/WR
0001 SUBROUTINE VENTMP (TABTEM. TABTIM, NUMTAB, IDO, TI. TF, TH)

0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017

0018
0019
0020
Q021
0022
0023
0024

0025
0026
0027
ooe8
0029
0030
0031
0032
0033

0034
0035
0036
0037
0038
0039

C
CCCCCCCCCCCCCCLCCCCCCCCLCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
c
c INPUT OR SELECT VENTILATION DISCHARGE TEMPERATURE HISTORY
C -
(ool of oSl o of o o] f o f d f o S A A f of of f o o] o ] of o] S ] A ] o of ol ¥ e o] o e{ e o} o { o of S 3 ] oY T e Sl Y L e el o] ol o f o i e Sl e { o] f o o
c
DIMENSION TABTEM(1), TABTIM(1)
IF (IDO .EQ. iHN) GO TO 100
TYPE®*, *
TYPE#, "ENTER NUMBER OF TIME HISTORY VALUES’
ACCEPT#, NUMTAB
IF (NUMTAB .LE. 14) GO TO 150
TYPE#*, ‘###14 1S MAXIMUM -~ REMAINDER IGNORED#¥*#
NUMTAB = 14

150 CONTINUE
TYPE#, *
TYPE#, '‘ENTER TIME - TEMPERATURE TABLE: ’
TYPE#, © TABTIM(1) » TABTEM(1)
TYPE®*, ’ . !
TYPE#, © TABTIM(NUMTAB) . TABTEM(NUMTAB) ’
ACCEPT#, (TABTIM(I), TABTEM(I), I=1, NUMTAB)}
G0 TO 300
c
c SPECIFY DEFAULT FOR COLD OR HOT WATER WASH
c
100 CONTINUE
TYPE#, ©

TYPE#, "WAS THE TANK WASHED WITH HOT WATER (Y/N)7?’
READ(S5. 1) ITWAS

1 FORMAT (A2)
IF (ITWAS .NE. 1HY . AND. ITWAS .NE. 1HN) GO TO 100
IF (ITWAS .EQ. 1HN) GO TO 200

c
C TANK WASHED WITH HOT WATER
C
TYPE#, *
TYPE%, 'DEFAULT TEMPERTURE OF 41C WILL BE USED DURING
TYPE#, "VENTILATION'
NUMTAB = 2
TABTEM(1) = 41.
TABTEM(2) = 41.
TABTIM(1) = TI
TABTIM(2) = TM
60 TO 300
c
c TANK WASHED WITH COLD WATER
c
200 CONTINUE

TYPE#, © ¢

TYPE%, ‘COLD WATER WASH TEMPERATURE AND RESULTING VAPOR TEMPER-’
TYPE#*, "TURE WILL BE SEASONAL REGARDLESS OF WHETHER SEA OR FRESH'
TYPE#, ‘WATER. ’

TYPE®, * 1. WINTER / GULF COAST’

A-18
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’ PDR=.: FIFTSAN=T7 L& =2 s 8. T go=dz==33 Sz;e =
Y PRETNK. FTN. T2 SSTTITE Al wE
T 0042 TYEZe, TIVF = iz % 2
RN 0341 TYPE®, * & SUMMER / &LF COAST"
T 0042 TYFEs, * TEMF = 2% 2
- 0043 TYPE#, 'SELECT AND ENTER & "1" OR "2
Lo 0044 ACCEPT+, ITEMP
B. 0045 IF (ITEMF NE. 1 .ANZ. ITEMP .NE 2: 60 TO 200
. 0044 TEMR = 14 9
x 0047 IF (ITEMF . EQ 2) TEMF = 29 4
S 0648 NUMTAE = 2
- 0049 TABTEM(1) = TEMF
o 00%0 TABTEM(2) = TEMF
0CSs1 TABTIM(1) = TI
0032 TAETIM(2) = TF
0093 300 CONTINUE
0034 RETURN
0055 END .
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]! 0001 SUBROUTINE PREVNT(COV, A, B. C. P)
S c
o cceeceeeeeeecceeceeceeeceecceeeeececeeceeeeeeececceeeceeccecececececceccecceccceceeececee
. c
- ¢ MEASURED PREVENTILATION VAPOR CONCENTRATION NOT KNOWN. SET
. c SOME DEFAULTS AND QUIDELINES
C
CCCCCCCCCCCCCCCCCCCCCCCCeCCCCeeeeeceeeeceeececeeeceeeceeceeceecceccececeeceececece
c
0002 50 CONTINUE
0003 TYPE®, * *
0004 TYPE#, ‘A DEFAULT VALUE OF COV. THE VAPOR CONCENTRATION., CAN BE’
0005 TYPE#, ‘SPECIFIED BY THE USER OR IT CAN BE CALCULATED: *
0006 TYPE®, © 1. INPUT COV IN PPM  VALUE SHOULD BE LESS THAN-
0007 TYPE+, SATURATION CONCENTRATION CORRESPONDING TO CARGD’
0008 TYPE#, * TEMPERATURE. THIS CONDITION CORRESPONDS TO A TANK’
0009 TYPE®*, ’ THAT HAS BEEN EMPTIED BUT HAS BEEN CLOSED FOR A ¢
0010 TYPE*, * LONG TIME BEFORE CLEANING IS INITIATED *
0011 TYPE*, © 2. INPUT OMEGA AND CARGO TEMPERATURE. OMEGA IS THE '
oo12 TYPE+, * FRACTION OF TANK VOLUME OCCUPIED BY CARGO PRIOR
0013 TYPE#, * TO DISCHARGE. CARGO TEMPERATURE IN DEGREES C. ’
0014 TYPE#, ’ THIS VALUE WILL BE USED TO CALCULATE COV ASSUMING’
0015 TYPE®, ’ A SATURATED CONCENTRATION IN THE ULLAGE SPACE"
0016 TYPE#, * BEFORE DISCHARGE. ’
0017 TYPE#, *SELECT A 1 OR 2~
o018 ACCEPT+, ISEL
0019 IF (ISEL .NE. 1 .AND. ISEL .NE. 2) GO TD 50
0020 IF (ISEL .EQ. 2) GO TO 100
0021 TYPE#®, ‘INPUT COV IN PPM’
oo22 ACCEPT*, COV
0023 €0 TO 200
C
c CALCULATE cov
c
0024 100 CONTINUE
0025 TYPE®, *
0026 TYPE*, ‘ENTER OMEGA AND CARGD TEMPERATURE‘
g 0027 ACCEPT#, OMEGA, CTEMP
< 0028 PVS = 10. ## (A-B / (C + CTEMP))
3 0029 COV = (1 -~ OMEGA) # PVS / P » 1Eb
- 0030 200 CONTINUE
0031 RETURN
0032 END

A-20




L e st o ac et

% 2 i S s o ———

PDP-11 FORTRAN-77 V4. 1-2 09:51: 21 20-Apr~83 Page 30

PRETNK. FTN; 72 /F77/TR: ALL/WR

0001 SUBROUTINE VTWORK(TWORK, ITWORK, TM)
gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
E GQIDELtNES FOR DURATION OF MAN IN TANK

(ool el ol oo o o & S o ol o] o of o o] of o o{ of o] A o] of o o] o o o of o ot of o] o{ e ol of ] ol o o od o ] ol ] o{ i o] ol e e S} o of o ol of o ol f S o e o] ol o1 &
c

TYPE®, * ¢

TYPE#, 'INPUT VENTILATION TIME, TM, TO MAN ENTRY’

ACCEPT#, TM
100 CONTINU
TYPE*, ©
TYPE®, ‘OPTIONS FOR DURATION OF MAN ENTRY, TWORK IN MIN., IS5 AS’
TYPE#, 'FOLLOWS: ’

TYPE#, © 1. BRIEF VISUAL INSPECTION AND ODOR DETERMINATION’
TYPE«*, ’ WITH CARGO SURVEYOR.

TYPE#S, TWORK = 1 ~ 2 MIN.

TYPE, ' 2. INSPECT TANK COATINGS AND MEASURE THICKNESS'
TYPE#, TWORK = 15 — 45 MIN.

TYPE#, © 3 HAND MUCKING OF RESIDUE WITH TOWELS AND RAGS’
TYPE®, (RELATIVELY DIRTY TANK)’

TYPE#, ’ TWORK = 90 MIN.

TYPE#, © 4. SWEEP DEBRIS FROM TANK BOTTOM AND WIPE PUMP SUMP’
TYPES, (RELATIVELY CLEAN TANK) '’

TYPE#, ’ TWORK = 40 MIN. /

TYPE#, ' 5 USER SPECIFIES”

TYPE#, ‘SELECT AND ENTER A 1-5 TO INDICATE WORK DESCRIPTION-
ACCEPT#, ITWORK
TYPE#, 'INPUT DURATION, IN MINUTES, OF MAN ENTRY IN TANK’
ACCEPT+, TWORK
IF (ITWORK .EG. 5) GO TO 700
IF (ITWORK .CGT. 1) €0 TD 200

IF (TWORK .GE. 1. .AND. TWORK .LE. 2) €0 TO 700

60 TO 500
200 IF (ITWORK .6T. 2) @0 TO 300
IF (TWORK .GE. 15. .AND. TWORK .LE. 45.) 60 TO 700
@0 TO 500
300 IF (ITWORK .6T. 3) 60 TO 400
IF (TWORK .EQG. 90.) 60 TD 700
¢0 TO 500 :
400 IF {ITWORK .CT. %) QD TO 600
IF (TWORK .EQ. 40.) 60 TO 700
S00 CONTINUE
TYPE*, 4 *

TYPE#, 'VALUE OF TWORK NOT WITHIN LIMITS OF ORTION ‘, ITWORK
TYPE#, '###TRY AGAIN#&%’
D TO 100
600 CONT INUE
TYPES, '
TYPE#, ‘OPTION = ‘, ITWORK, ‘ NOT A VALID OPTION -~ #%#TRY AGAIN###*’
@0 TO 100
700 CONT INUE
RETURN
END
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TANKM. FTN, % /F77/TR: ALL/WR
0001 PROGRAM TANKM
. 0002 COMMON /FUNC/Q, V, KOL. AREA, COL, T, H, DELTA, PA, M, A, B, C. PV,
< 1 S. KL, KG, NUMTAB, HEVAL, GAMINF, C1, C2
U 0003 COMMON /RWK/DELY, DELZ, CVPPM, TABTIM, TABTEM, I11
o 0004 DIMENSION MDOT(500), TABTEM(14), TABTIM(14), TIME (500), CVPPM(500)
= 0005 DIMENSION ETIME(30), ECVPPM(30), AR(4), CEXP(500)
u 000¢& INTEGER TESTNO. HEVAL
. 0007 REAL K, KOL, K&, KL, L, M, MDOT, MEVAP, MINIT, MAIR
- 0008 DATA PARAM /0. 331/
. 0009 DATA MAIR /28. 97/
b C PROGRAM TANKM CALCULATES THE CONCENTRATION-TIME HISTORY OF CHEMICAL
tw VAPORS DISCHARGED FROM A TANK DURING DILUTION VENTILATION IN THE

PRESENCE OF CHEMICAL SOLUTE EVAPORATION FROM AN AQUEOUS SOLUTION OF
RESIDUAL CARGO ON THE TANK FLOOR.
LR B B B IR 2R L B AR AKX BE BE IR R N R R R N I S R N NI IR R S S

MODEL INPUTS

QUANTITY DESCRIPTION UNITS
TESTNO TEST NUMBER ~ =———
L TANK LENGTH METER
W TANK WIDTH METER
D TANK DEPTH METER
Q BLOWER FLOW RATE M3/MIN
DELTA RESIDUE THICKNESS CM
DIA DIA. OF B/W OPENING METER
M SOLUTE MOLECULAR WT. CM/MOLE
S SOLUTE SOLUBILITY MG/LITER
GAMINF ACTIVITY COEFFICIENT AT ———
. INFINITE DILUTION (CHEMICAL IN
WATER)
Ci1.¢C2 CURVE FIT COEFFICIENTS OF LIG. ————

DENSITY AS FUNCTION OF TEMP.
ROCHEM(MG/M3) = C1+C2*T, T(C)

OO0 000000000000AN0000N00000NN00N0AN0O0O

A, B, C SOLUTE VAPOR PRES. CONST. -——-
PA ATMOSPHERIC PRESSURE MM HG
R2 JET DEFL. +WALL JET DIST. METER
coL INITIAL SOLUTE CONCEN. MG/M3

. cov INITIAL VAPOR CONCENTRATION PPM

- TI INITIAL TIME MIN

- ™ VENTILATION TIME TO MAN- MIN

. ENTRY INTO TANK

" TWORK DURATION OF IN-TANK WORK MIN

o DT INTEGRATION TIME STEP MIN

e NUMTAB NUMBER OF INPUT EXPERIMENTAL ——

] VAPOR CONCENTRATIONS

b TABTIM TIME IN MINUTES CORRESPONDING MIN

o TO TEMPERATURES IN TABTEM

- - VECTOR. TIME=0 REFERENCED

L TO BEGINNING OF VENTILATION

b+ TABTEM VAPOR TEMPERATURE AT TANK DEG. ¢

r. DISCHARGE

| @ JSWTCH JSWTCH=1, PERFORM MINIT CALC. ———

- JSWTCH=2, BYPASS MINIT CALCULATION

- HEVAL HEVAL=1; HENRY ‘S CONST=H(MACKAY) ———-

. HEVAL=2; HENRY ‘'S CONST=H(DILLING)
NUMEXP NUMBER OF EXPERIMENTAL DATA ——

} ©®

b

).
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ENTRIES
ETIME ARRAY (OF TIMES CORRESPONDING MIN
TO ECVPPM
ECVP™M ARRAY OF INPUT EXPERIMENTAL PPM
VAPOR CONCENTRATIONS
ITWORK 1. BRIEF VISUAL INSPECTION AND ——
ODOR DETERMINATION WITH CARGO
SURVEYOR.
TWORK = § — 2 MIN.
INSPECT TANK COATINGS AND
MEASURE THICKNESS
TWORK = 15 - 5 MIN
3 HAND MUCKING OF RESIDUE WITH
TOWELS AND RAGS (RELATIVELY
DIRTY TANK)
TWORK = 90 MIN
4. SWEEP DEBRIS ROM TANK BOTTOM
AND WIPE PUMP SUMP
(RELATIVELY CLEAN TANK)
TWORK = 40 MIN
5. USER SFECIFIES TWORK
Y

r

gNsReNeRsNoNe oo RoNoNa NN NoRsN e NN o Ne No NN e Ne s e Re e o N2 ReRoReRo R o ReRo R ke Ne e No N e]

IBLOW BLOWER ON WHILE MAN IN TANK ————
N . BLOWER OFF WHILE MAN IN TANK
TLVC CEILING EXPOSURE LIMIT PPM
TLVTWA TIME WEIGHTED AVERAGE PPM
B - HOUR EXPOSURE LIMIT
TLVSTL SHORT TERM EXPOSURE LIMIT PPM
CALCULATED GQUANTITIES
. QUANTITY DESCRIPTION UNITS .
H HENRYS CONSTANT(PARTITION COEFF) DIMENSIONLESS
KL LIQUID PHASE MASS TRANSFER COEFF CM/MIN
K.G GAS PHASE MASS TRANSFER COEFF CM/MIN
KoL OVERALL MASS TRANSFER COEFF CM/MIN
AREA LIGUID SURFACE AREA M
Y TANK VOLUME M3
UWIND CONVECTIVE EVAPBRATION VEL M/SEC
(Va) BLOWER JET VELDCITY M/GEC
PV PARTIAL PRESSURE OF SOLUTE AT TEMP T MM HC
- P PARTIAL PRESSURE OF TANK VAPOR MM HG
o CSTAR EQUILIBRIUM VAPOR CONCENTRATION MG/M3
) MINIT INITIAL CHEMICAL MASS IN SOLUTION MG
P'-_ 3435 34 3636 I 3 96 3 48 35 36 38 8 I 38 3 4F I 2 35 3 2F 3 3 4 3 35 35 3 3t 3 2836 3 9 $E 96 36 S 3 9 36 3 3 36 3 36 3 B S S S 0SB I S B3 R4
& 0010 OPEN(UNIT=6, NAME="'SY0O: TANKMO. DAT ‘. TYPE=‘NEW )
L.. 0011 OPEN(UNIT=1, NAME=‘SY0: TANKMI. DAT‘, TYPE='0LD ")
= 0012 OPEN(UNIT=3, NAME="SYQ: SCRATCH. DAT’, TYPE='NEW’)
= 0013 READ(1, 5000) TESTNOD
. 0014 READ(1, 5001)L, W. D
f. 0015 READ{1, 5001)Q, DELTA
- 0016 READ(!, 5001)DIA, M
- 0017 READ(1, 5001)S. GAMINF, C1 CZ
;‘ 0018 READ(1, 5001)A, B, C
b - 0019 READ(1, 5001)Pa, R2
L. 0020 READ (1, 5001)COL. COV
- .
g
-
£
b
| @
t.‘..
‘- A=24
)
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L .




Lt At BRaL Rt B Sr R an Ba mrt S AR At St S AR

" e |

ul U Andh ek andht St S R - T .. -

’
v

o PDP-11 FORTRAN-77 V4 1-2 ‘4.58 22 20-Apr-83 Fage 3

0021

Tamd -

Qo2
0023
0024
0025
0026
0027
ooz28
0029
0030
0031
0032
0033
0034
0035

4 b

a

L

)
.
v
[
DY

0036
0037
0038
0039
0040
0041
0042

0043
g 0044
s 0045
. 0046
i 0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057

-y e Tew
HIIARA

0058

PYTTVTT V.Y,

R

h Sneaui AE TR

TANKM. FTN; S

10

11

5007

5008
5006

OOOO0

[eNeKel

13

DN UL -

/F77/TR: hLL/WR

READ(1, 5001)TI, TM, TWORK. DT

NUMTAB IS THE NUMBER OF VALUES IN THE TIME AND TEMPERATURE TABLES
READ(1, 5003) NUMTAB

READ (1, 5004) (TABTIM(I), I=1. NUMTAB)
READ(1, 3004) (TABTEM(I), I=1, NUMTAB)
READ (1, 5003) JSWTCH, HEVAL

READ (1, 5005)NUMEXP

IF (NUMEXP . EQ. 0) GO TO 1t

DO 10 I=1,NUMEXP

READ(1, SO046)ETIME( 1), ECVPPM(])
CONTINUE

READ(1, 5007) ITWORK, IBLOW

FORMAT (15, A2)

READ(1, 5001) TLVC, TLVTWA, TLVSTL
FORMAT (1X, 15)

FORMAT (1X, 2F12. 4) ,

TRANSFER OF DATA FROM TANKMI INPUT FILE
IN PRETNK IS COMPLETE

ICT=1

II1I=1

MEVAP=0. 0

WIDTH=1.0

PI=3. 1415927

TF = TM + TWORK

IF (1BLOW. EQ. 1HN) TF=TM

PRELIMINARY CALCULATIONS

COVPPM = COV
COV=COV#PARDFB. 15%#M/(760. # (TABTEM(1)+273. 15)%#24. 45)
AREA=L %W
V=AREA#D
U0=Q/ ( (60 #PI#DIAK%2)/4 )
XHC = COVPPM / 1EG&6
RHDO = (XHC # M + (1 - XHC) # MAIR) / MAIR
FROUDE = (UD % UQ) /7 (9.8 #+ D # (RHO - 1))
WRITE(S., 12) FROUDE
WRITE (4, 12) FROUDE
FORMAT(//, 1X, ‘DENSIMETRIC FRDUDE NO. = ‘,F8.3)
IF (FROUDE .GT. 50.) &0 TO 230
WRITE(S,13)
WRITE(6, 13)
FORMAT (//, SX, 'DENSIMETRIC FROUDE NUMBER AT THE BEGINNING ‘., /
5X, ‘OF VENTILATION IS LESS THAN 50. THE BLOWER MAY NOT‘, /
5X, ‘HAVE SUFFICIENT CAPACITY FOR THE VENTILATING JET'’.,/
5X, ‘TO PENETRATE THE VAPDR SPACE AND IMPINGE ON THE ‘. /
S5X, ‘TANK BOTTOM. THE VAPOR CONCENTRATION IN THE ULLAGE’, /
5X, ‘SPACE MAY NOT BE WELL-MIXED AND HOMQGENEQUS THROUGHOUT’, /
5X, ‘'THE DURATION OF GAS FREEING. SHORT-CIRCUITING OF THE’, /
5X, ‘BLOWER JET SHOULD BE ANTICIPATED. THE MODEL DODES NOT’, /
S5X, ‘INCLUDE THIS CONDITION AND WILL PROCEED WITH THE‘, /
S5X, ‘WELL-MIXED ASSUMPTION. ‘//)
G0 TO 235
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0059 230  CONTINUE
0060 WRITE(S, 14)
0061 WRITE (&, 14)
0062 14 FORMAT(//, 5X. "DENSIMETRIC FROUDE NUMBER AT BEGINNING
1 5%, ‘OF VENTILATION IS GREATER THAN 50, BLOWER CAPACITY', /
2 5X, ‘15 SUFFICIENT FOR THE VENTILATING JET TO PENCTRATE *, /
3 S5x, ‘THE VAPOR SPACE AND IMPINGE ON THE TANK BOTTOM -,/
4 S5X, ‘COMPLETE JET PENETRATION AND IMPINGEMENT ENSURES', /
5 SX, "THAT THE VAPDR CONCENTRATION IN THE ULLAGE SPACE ./
6 5X, ‘15 HOMOGENOUS AND THAT THE WELL-MIXED MODELING’, /
7 5X, ‘ASSUMPTION 15 VALID. FOR FURTHER DETAILS, CONSULT’
8 /5%, 'REFERENCE 4 OF THE CONTRACT FINAL REPORT. 7, //
0063 235 CONTINUE
0064 CON=1. 4#UD#DIA%#1 12
0065 R1=0. 15#D
0066 K=CON/R1##(1. 12+1.)
0067 UWIND=( (K#R1##2} /(2. #RZ)+CON# (R2##-1. 12) /(1. -1 12)#(1 -
1 (F1/R2)## (1 —1.12)) ) #PARAM
0068 KG=18 95#UWIND#(18. 0i&/MI#% 5
0069 KL=0. 33#(44 011/M)%#. 5
0070 ROCHEM= (C1+C2#TABTEM( 1)) #10%##9
0071 GD TO (240.245), JSWTCH
o072 240 MINIT=COL#AREA#DELTA/100
c ONE-TIME QUTPUTS
0073 245 WRITE (&, 6000)TESTND
0074 WRITE (&, 6001)
0075 WRITE (&, 6012) HEVAL
0076 WRITE (&, 6002)G. AREA
0077 WRITE (&, 6003)L, W
0078 WRITE (&, 6004)D. V
0079 WRITE (&, 600S)DELTA, COL
0080 WRITE (6, 6006)8, M
. 0081 WRITE (&, 6013) ROCHEM., GAMINF
R oosz WRITE (&, 6007)PA, UWIND
- 0083 WPITE (6, 6008)D1A, UO
- 0084 WRITE (&, 6009IKEG, R1
0085 WRITE (&, 6010)R2. KL
0084 G0 TO (246,247). JSWTCH
0087 246 WRITE (&, 6011)IMINIT
0088 247 CONTINUE
C W 36 45 35 I 35 3 45 3 3 3 38 354 I 45 45 96 25 3E 3F 3F S 30 3 3 35 4 3 3 335 36 3F 3 35 3F 3 3536 I IF S 35 S 36 3 336 3 36 JE I I SE 3 4 4 S S 303 I
0089 WRITE(6, 6014)TLVC, TLVTWA, TLVSTL
0090 6014 FORMAT (1X, 4HTLVC, 6X, 30HTHRESHOLD LIMIT VALUE, CEILING, 5X, 3HPPM,
1 7X,E15.5, /, 1X, 6HTLVTWA, 4X, 22HTHRESHOLD LIMIT VALUE, . /.
2 11X, 21HTIME-WEIGHTED AVERAGE. 14X, 3HPPM, 7X, E15. 5, /, 1X
3 6HTLVETL, 4X, 22HTHRESHOLD LIMIT VALUE, ./, 11X
. 4 25HSHORT-TERM EXPOSURE LIMIT, 10X, 3HPPM, 7X, E15. 5)
. 0091 IF (ITWORK EG. 1) WRITE(&. 1) TWORK
- 0092 IF (ITWORK EQ. 2) WRITE(&,2) TWORK
. 0093 IF (ITWORK EQ. 3) WRITE(&:3) TWORK
- - 0094 IF (ITWORK .EQ 4) WRITE(4, 4) TWORK
. 0095 IF (ITWORK EQ 5) WRITE(&.5) TWORK
i‘ 0096 1 FORMAT(/, 1X, 42HTWORK1 - BRIEF VISUAL INSPECTION AND ODOR .
L = 1 13HDETERMINATION, /, 1X, 30HWITH CARGO SURVEYOR, TWORK =
i 2 F10 4, 5H MIN )
} @
t -
‘ .
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0097

0098
0099

0100
0101
0102
0103
0104
0105
0106
0107

G108
0109
0110
0111
o112
0113
0114
0115
0116
0117
o11e
0115
0120
0121
o122
0123
0124
0125
0126
0127
o128
0129
0130
0131

o132
0133
0134

0135
0136
0137

S

3

o~
H »
0 @

OO0OO0O0O0OON NN

W
O

32

34
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FORMAT (/, 1X, 43HTWORK2 - INSPECT TANK COATINGS AND MEASURE ,

1 10HTHICKNESS , /, 1X, 9HTWORK = ,F10. 4, 5H MIN. )
FORMAT (42HTWORK3 - HAND MUCKING RESIDUE WITH TOWELS ./, 1X,

1 FHAND RAGS., /., 1 X,

2 34H(RELATIVELY DIRTY TANK), TWORK = ,F10.4,5H MIN.)
FORM~T(/, 1X, 4BHTWORK4 - SWEEP DEBRIS FROM TANK BOTTOM AND WIPE ,

1 PHPUMP SUMP,

2 /7, 1X, 34H(RELATIVELY CLEAN TANK), TWORK = ,F10.4,5H MIN )
FORMAT(/, 1X, 34HTWORKS ~ USER SPECIFIES, TWORK = ,F10.4,5H MIN. )
IF (IBLOW .EQ. 1HN) GO TO 248

WRITE (&, 6)
FORMAT(/, 1X, 41HBLOWER IS ON DURING MAN — ENTRY INTO TANK, /)
60 TO =249
WRITE(6,7)
FORMAT(/, 1X, 42HBLOWER IS OFF DURING MAN - ENTRY INTO TANK, /)
CONTINUE .

I3 36 3 3 A6 I W3 3 S I I W W S A NI I I I e I S 3 S I 3 I I S I 3 3 3F 3 I 3F 34 4 6 36 3630 36 35 30 30 3 6 S 03¢

CALCULATE INITIAL VALUE OF PARTITION COEFFICIENT

FOR AQUEOUS SOLUTION:
HEVAL = 1; H IS CALCULATED USING ACTIVITY CCEFFICIENTS
HEVAL = 2; H IS CALCULATED FOR IDEAL. DILUTE SOLUTIONS

€0 TO (30,31), HEVAL

WRITE (6, 8000)

G0 TC 32

WRI®E (46, B0OQ2)

TIME(III)=TI

LINEKT=6

Cv=Ccov

CL=CcOoL

T=TABTEM(1)
CVPPM(ITII)=CV#760. #(T+273. 15)%#24. 45/ (PA*298. 15#M)
PV=10. ##(A~-B/(C+T))

G0 TO (20, 21), HEVAL

X1=1 /(1. +(M/18. %0 9970+#10##P)#(1. /CL-1. /ROCHEM))
IF(X1-0.05)22, 22, 23

GCAMMA1=GAMINF##( (1—-X1)##2)

GO TO 40

GAMMA1=GAMINF

H=18. #*GAMMAL1#(PV/760. ) /(B2 057#(T+273. 15))
G0 TO 24

H=16. O4%PV#M/ ((T+273. 15} #5)

KOL =KL #KG*#H/ (H#KG+KL )

MDOT (ICT)=KOL#AREA®*(CL-CV/H) /100

G0 TO (33, 34), HEVAL

WRITE(6, BOO1)TIME(III), CVPPM(III1),CV, T, PV, h, CL, GAMMAL, KOL,

1 MDOT ' ICT) . MEVAP., X1

LINEKT=LINEKT+3

G0 7O 250

WRITE (&6, S003)TIME(IIL), CYPPM(III), CV, T, PV, H, CL, KOL, MDOT(ICT),
1MEVAP

LINEKTV=LINEKT+3

250 CONTINUE

FACTOR=0. O
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0138 MEVAP=0 0
0139 KOUNT=0
0140 ICT=1ICT+1
C
C R wtt  BEGIN INTEGRATION 463 59535 3 4540 34036 58 36 3 96 4046 4 46 36 36 36 3045 30 46 3
C
0141 CALL RUNGE(TIME(III),CV,CL,DT)
0142 ITI=111+1
0143 TIME(CIII)=TIME(III-1)>+DT
0144 CV=CV+DELY
0145 CL=CL+DELZ
C CALCULATE TEMPERATURE AT TIME
0146 DO 301 1=1, NUMTAB
0147 IF(TABTIM(1) LE TTME(III))GO TO 301
0148 G1=TABTIM(I~1)
0149 G2=TABTIM(I)
0150 G3=TABTEM(I-1)
0151 G4=TABTEM(1I)
0152 GO TO 302
0153 301 CONTINUVE
0154 302 CONTINUE
0155 T=(G4~G3) /(G2-G1)#TIME(III)+(G3#G2-G1#G4) /(G2-C1)
0156 CVPPM(III)=CV2#760. #(T+273. 15)#24. 45/ (PA#298. 15#M)
0157 PV=10. ##(A~B/(C+T))
o1s8 ROCHEM=(C1+C2#T)#10##%
0159 GO TO (25, 26), HEVAL
0160 25 X1=1 /(1. +(M/18. #0 997#10##9)%(1. /CL—1. /ROCHEM))
0161 IF(X1-0 05)27.27, 28
0162 28 GAMMAT=GAMINF##( (1-X1)#%2)
0163 GO TO 41
0164 27 GAMMA 1 =GAMINF
0165 41 H=18 #GAMMAL#(PY/760. )/(82 0O57#(T+273 15))
0166 GO TO 29
0167 2 H=16. 04#PVY#M/ ((T+273 15)#S)
0168 29 KOL=KL#K3I#H/ (1{#KG+KL)
0169 MDOT(ICT ) =KOL#AREA# (CL—-CV/F ) /100
0170 460 IFC(KOUNT EQ ICT)G0 TO 475
0171 KOUNT=KOUNT +1
o172 IFC(KOUNT NE ICT). AND. (KOUNT NE. 1))FACTOR=1. 0
0173 MEVAP=MEVAP+MDOT (KOUNT)#(FACTOR+1. 0)
0174 FACTOR=0. 0
175 GO TO 460
0176 475 MEVAP=MEVAP#WIDTH/2
0177 IF(HEVAL. EQ 2)60 TO 36
C
c HENRY ‘'S CONSTANT = MACKAY
Cc
o176 IF(LINEKT LT 5660 TO 35
0179 WRITE (6, B000)
0180 LINEKT=6
0181 35 WRITE (&4, BOOI)TIME(III), CYVPPM(III), CV, T, PV, H, CL, GAMMAL, KOL,
i MEOTCICT), MEVAP, X1
oi1g2 LINEKT=LINEKT+2
0183 GO TO 4z
0184 36 CONT INUE
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o
C HENRY ‘S CONSTANT = DILLING
c
o185 IF(LINEKT. LT. 56360 TO 37
0186 WRITE (6, BOO2)
0187 LINEKT = &
oise8 a7 WRITE(6, BO03)TIME(ILII), CVPPM(III), CV, T, PV, H, CL, KOL, MDOT(ICT),
1MEVAP
0189 LINEKT=LINEKT+3
0190 42 GO TO (276, 480), JSWTCH
0191 276 IF(MEVAP-MINIT)480, 600, 600
ci192 480 IF(TIME(III)-TF) 250, 700. 700
0193 600 TAU=TIME(III)
0194 CTAU=CV
0195 TTO=ABS(V/Q)
D19 PV=0.0
0197 H=0. 0
0198 KOL=0. 0
0199 CL=0.0
0200 MDOT(ICT)=0. 0
0201 605 I1I=111+1
0202 TIME(III)=TIME(III-1)+DT
0203 IF(TIME(III) GT (TAU+5 #TTD))GO YO 700
0204 CV=CTAU#EXP (- (Q/WY#(TIME(III)~TAU))
0205 DO 410 I=1, NUMTAB
0206 IF(TABTIM(1). LE. TIME(III)) 6D TO 410
0207 C1=TABTIM(I~-1}
0208 G2=TABTIM(I)
0209 G3=TABTEM(I-1)
0210 G4=TABTEM(I)
0211 60 TO 620
o212 610 CONTINUE
0213 620 CONTINUE
0214 T=(G4-63)/(G2-G1)I)#TIME(III) +H(G3*C2-G1%G4) / (62-C1)
0215 CVPPM(III)=CYx760. #(T+273. 15)#24. 45/ (PA#298. 15#M)
0216 IF(HEVAL. EQ 260 TO 39
c
c HENRY 'S CONSTANT = MACKAY
C
0217 IF(LINEKT. LT. 56)60 TO 38
0218 WRITE (6, BOOO)
0219 LINEKT=6
0220 38 WRITE(6,8001)TIME(III), CVPPM(ILII), CV, T, PV, H, CL, GAMMAL, KOL.,
1 MDOT(ICT), MEVAP, X1
0221 LINEKT=LINEKT+3
0222 ‘GO TO 44
0223 39 CONTINUE
c
c HENRY ‘S CONSTANT = DILLING
c
oz24 IFC(LINEKT. LT. 56)G0 TO 43
o225 WRITE (6, 8002)
0226 LINEKT=6
0227 43 WRITE(&, BO0O3)TIME(III), CVPPM(ILII), CV, T, PV, H, CL, KOL.,
1 MDOT (ICT), MEVAP
A-29
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0228 LINEKT=LINEKT+3

0229 44 GO TO 605

0230 5000 FORMAT(IS)

0231 5001 FORMAT(SE12 5)

0232 5003 FORMAT(213)

0233 5004 FORMAT(7F8 3)

Q234 6000 FORMAT (23X, ‘##weu  TEST NO L1300 wERER, /)

0235 6001 FORMAT(27X, 16HONE-TIME OUTPUTS, /., 1X, B8HVARIABLE. 2X.

1 11HDESCRIPTION, 24X, SHUNITS., 10X, 6HRESULT, / /)

0236 6002 FORMAT(1X, 1HQ, 9X, 16HBLOWER FLOW RATE, 19X, 4HM3/MIN, 4. E15 &, /
1 1X. 4HAREA, 66X, 19HLIQUID SURFACE AREA, 16X, 2HMZ, 8X, E1S 5)

0237 6003 FORMAT(1X, 1HL, 29X, 11HTANK LENGTH, 24X, SHMETER, 99X, E15L. &, /

1 1Xx, 1HW, 9X, 1ORTANK WIDTH, 25X, SHMETER: 5X. E19. )

0238 6004 FORMAT(1X, 1HD, 9%, 10HTANK DEPTH, 25X, SHMETER, 5X, E15. 5, 7,
11X, 1HV, 9X, 1 1HTANK VOLUME, 24, 2HM3, BX, E15. 5)

0239 6005 FORMAT(1X, SHDELTA, SX, 17HRESIDUE THICKNESS, 18X, 2HCM, 8X, E15. 5, /,
1 1X,3HCOL, 7X, 2BHINITIAL SOLUTE CONCENTRATION. 7X, 9HMG/M3, 5X
2 EIS 5)

0240 6006 FORMAT (11X, 1HS, 9X, 17HSOLUTE SOLUBILITY, 18X, BHMG/LITER, 2X,. E15. 5, /,
11X, 1HM, 9X, 23HSOLUTE MOLECULAR WEIGHT, 12X, 7HGM/MOLE, 3X, E15. 5)

0241 6007 FORMAT(1X, 2HPA, 8X, 20HATMOSPHERIC PRESSURE, 15X, SHMM HG, 5X, E15. 5, /.
1 1X, SHUWIND, 5X, 26HCONVECTIVE EVAPORATION VEL, 9X, SHM/SEC, 5X,

2 E15 5

0242 6008 FORMAT(1X, 3HD1A, 7X, 19HDIA OF B/W DPENING, 16X, SHMETER., 5%
1 E15.5,/,1X, 2HUO, 8X, 1PHBLOWER JET VELOCITY, 16X, SHM/SEC, OX
2 E1S5 5)

0243 6009 FORMAT (11X, 2HKG, 8X, 29HGAS PHASE MASS TRANSFER COEFF, 6X, 6HCM/MIN,
1 4X,E15 5,7/, 1%, 2HR1, 8X. 28HJET DEFLECTION REGION (O. 3D), 7X,

2 SHMETER, 5X, E15. 5)

0244 6010 FORMAT (11X, 2HRZ, BX, 24HJET DEFL + WALL JET DIST, 11X, SHMETER, 5X
1 E15 5,7/, 1X, 2HKL., BX., 32HLIQUID PHASE MASS TRANSFER COEFF, 3X,

2 6HCM/MIN, 4X,E15. 5)

0245 6011 FORMAT (1X, SHMINIT, SX, 33HINITIAL CHEMICAL MASS IN SOLUTION, 2X.
1 2HMG, BX, EIS5 9, //7) :

0246 6012 FORMATO1X, SHHEVAL, SX, 26H=1, H(MACKAY), =2, H(DILLING), 9X, 6Hs:##x s
1 , OX, GH#wx%, 11, 4Hus%%, /)

0247 &013 FORMAT (1X, 6HROCHEM, 4X, 20HCHEM. LIQUID DENSITY, 15X, SHMG/M3, 5X,
1E1S S, /7, 1X, 6HGAMINF, 4X, 26HINF. DILUT. ACTIVITY COEF..,9X, 7H%
2##x4s, 3X, E15. 5, /)

0248 8000 FORMAT (1, /74X, 'TIME(MIN) CV(PPM) ’, SX, ‘CV(MG/M3) ', 4X, 'TEMP(C) *,
2 3X, 'PVIMM-HG) *, 7X, ‘H’, 13X, ‘CL(MG/M3) *, /, 20X, 'GAMMAL1 ’, 7 X,

3 'KOL(CM/MIN) /, 4X, 'MDOT(MG/MIN) ‘', 2X, ‘MEVAP(MG: ’, 4%, X1 (LIG
4 MOL. FRACTION) ', //)

0249 8001 FORMAT(1H , 6E1Z2 4,3X.E12.4,/,17X.E12 4,2X,El12. 4, 4X,E1Z2. 4, 2X
1 El2 4,7X,El12. 4, /)

0250 8002 FORMAT(‘1’, //4X, 'TIME(MIN) CV(PPM) ’, 5X, “CV(MG/M3) ‘', 4X, 'TEMP(C) ’,
2 3X, 'PVMM=HG) *, 7X, "H’, 11X, ‘CL(MG/M3) *, /, 33X,

3 'KOL(CM/MIN) 7, 4%, 'MDOT(MG/MIN) “, 2X, '"MEVAP(MG) ', / /)

0251 B003 FORMAT(1H ,6E12 4,3X,El2. 4,7/, 30X, E12 4,4X,.E12 4,2X,E12. 4,/)

0252 700 CONT INUE

0253 CALL BLOW(IBLOW, TF, TM, TWORK, CVPPM, TLVC, TLVSTL, TLVTWA,

1 DT, TIME. CEXP, TI)

0254 III=(TF-TI)/DT+1

c WRITE DATA TO UNIT 3 FOR PLOTTING
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1 c
. 0255 WRITE(3, %) II1I, NUMEXP, TESTNO. TLVC., TLVTWA, TLVSTL
" 0256 Dp 800 I = 1, III
e 0257 WRITE(3, #) TIME(I), CVPPM(I)
o 0258 800  CONTINUE
. 0259 IF (NUMEXP .EQ. 0) @0 TO 900
! 0260 DO 850 I = 1, NUMEXP
0261 WRITE(3,*) ETIME(I), ECVPPM(I)
0262 850 CONTINUE
0263 00  CONTINUE
0264 STOP
0265 END

L SO

T
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000!
0002

0003
0004
0005
0006

0007
0008
0009
0010
0011
Qo012
0013
0014
0015
0016

0017
0018
0019
0020
o021
0022
0023
002

0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036

c

c

OO0

501
o0z

[aNeRe!

43

46

45
a7

44
48

570
600

/FE77/TR- ALL/WR

D T X R gy R g g A A 2 2 2R T YT YR Y R R R T S X L a2
FUNCTION EVAL (X, Y, Z, IKL)

COMMON /FUNC/Q. V., KOL, AREA, COL., T, H, DELTA, PA, M. A, B. C, PV,
1 S, KL, K&, NUMTAB, HEVAL, GAMINF, C1,C2

COMMON /RW/ DELY, DELZ, CVPPM, TABTIM, TABTEM, 111
DIMENSION TABTIM(14), TABTEM(14), CVPPM(500)

INTEGER HEVAL

REAL KOL., M, MDOT, KG, KL, PV

IKL = 1 FOR CV DIFF EGUATION
= 2 FOR CL DIFF EQUATION
TEMPERATURE CALCULATION AT TIME=X

DO 501 I=1, NUMTAB

IF(TABTIM(I). LE. X260 TO 501
G1=TABTIM(I~1)

G2=TABTIM(I)

G3=TABTEM(I-1)

G4=TABTEM(I)

60 TO 502

CONTINUE

CONTINUE
T=(G4-G3)/(G2-G1 ) #X+(G3#G2~-G1#G4) /(G2-G1)

END OF TEMPERATURE CALCULATION

CVPPM(III+1)=Y#760. #(T+273. 15)#24 45/ (PA%298. 15#M)
ROCHEM=(C1+C2#T) #10##9

PV=10. ##(A=B/(C+T))

GO TO (43, 44), HEVAL

X1=1 /(1. +(M/18. #0. 997#104##9)#(1 /Z~-1. /ROCHEM) )
IF(X1-0.05)45, 45, 44

GAMMA1=GAMINF## ( (1-X1)#%2)

GO TO 47

GAMMAL1=GAMINF

H=18 #GAMMA1#(PV/760. )/(B2. 057 (T+273. 15))

GO0 TO 48

H=16 04#PV#M/ ((T+273. 15)#8)

KOL=KL#*KG#H/ (H#KG+KL)

Al==Q#Y

A2=KOL+*AREA#(Z~Y/H) /100

IFC(IKL EG 2)G0 TO 570

EVAL=(A1+A2) /V

GO TO &00
EVAL=-KOL#(Z-Y/H) /DELTA
END
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TANKM FTN; S /F77/TR: ALL/WR
C L Ly Y T Y XYY Yy e Yy s e R e e R a2y
0001 SUBROUTINE RUNGE(X. VY, Z,DT)
C
0002 COMMON /FUNC/Q. V. KOL, AREA, COL., T, H, DELTA, PA, M. A, B, C. PV,
1 S, KL, KG, NUMTAB, HEVAL, GAMINF, C1, C2
0003 COMMON /RK/DELY, DELZ. CVPPM, TABTIM, TABTEM, I1I
0004 DIMENSION CVPPM(500)
0005 REAL K1, K2,K3.,K4,L1,L2,L3,L4, M KOL, MDOT. KG, KL, PV
c
0006 KI=EVAL(X,Y, Z,1)%#DT
0007 L1=EVAL(X,Y, Z,2)%DT
ooeoe K=EVAL(X+DT/2. , Y+K1/2 . T+L1/2.,1)%DT
0009 L2=EVAL (X+DT/2 , Y+K1/2 ,Z+L1s2. ,2)%DT
0010 K3=EVAL (X+DT/2. , Y+K2/2. , Z+L2/2. , 1) DT
co11 L3=EVAL (X+DT/2., Y+Kas2. , I+L2a/2.,2)%DT
0012 K4=EVAL (X+DT, Y+K3,/Z+L3, 1) #DT
0013 L4=EVAL (X+DT, Y+K3, Z+L 3. 2)#DT
Qo14 DELY=(K1+2 #K2+2. #K3+K4)#1 /&
CO15 DELZ=(L1+2 #L2+2 #L3+L4)%*1 /6
€016 END

A-33
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N TANKM. FTN; 5 /F77/TR: ALL/WR
J j‘ 0001 SUBROUTINE BLOW(IBLOW, TF, TM, TWORK, CVPPM, TLVC. TLVGIL,
't‘ 1 TLVTWA, DT, TIME., CEXP. TI)
P ¢
T 0002 DIMENSION CVPPM(1), TIME(1), CEXP(1), ISAVE(500)
o 0003 DOUBLE PRECISION WHICH(2)
: c
0004 IFCIBLOW EG. 1HN) TF=TF+TM
0005 WRITE(&, 1) TM, TF
0006 1 FORMAT(1H1, ///, 14X, 35HEVALUATION OF VAPOR CONCENTRATIONS ,
1 16HDURING MAN-ENTRY, 7/, 23X, 26HTANK IS ENTERED AT TIME =
2 FS 1.4H MIN, /, 23X, 25HTANK IS EXITED AT TIME = ,FB8 1,
3 44 MIN. /77
0007 WHICH(1) = 8HTLV-C
0008 WHICH(Z) = BHTLV-STEL
0009 IND = 1
0010 IF (TLVC EQ 0) IND = 2
oC11 INDEX = (TM ~ T1) / DT + 1
0012 IFLAG = O .
0013 TCHECK = TLVC
0014 IF (TLVC .EG. O ) “CHECK = TLVSTL
02:5 KT = ¢ )
0G16 NUMVAL = (TF = TM) / DT + 1
0017 ITOTAL = (TF - TI) / DT + 1
0018 IF(IBLOW. EG 1HY)GO TO 75
0019 DO 50 I=INDEX+1, ITOTAL
0020 CVPPM(I)=CVPPM(I-1)
0021 TIME(I)=TIME(I-1)+D1
o002z 50 CONT INUE
0023 75 CONT INUE
0024 DO 100 I = 1, NUMVAL
0025 J = 1TOTAL - (NUMVAL ~ T )
0026 IF (CVPPM(J) .LE. TCHECK) GO TO 100
0027 KT = KT + 1
0023 ISAVE(KT) = J
0029 IFLAG = |
0030 100  CONTINUE
0031 IF (IBLOW EQ 1HN) GO TD 200
C
CCCCCCCCCCCCCeCeeeccCCCCCCCCCCCCCCCeeCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeeece
c
i c BLOWER ON DURING ENTRY OF MAN INTO TANK
o ¢
A CCCCCCCCCCLCCCCeeeeceCeeeCeeCeeececCCCCCCCCeeececcccLcecCecCCcctCceceeee
N c
L}- 0032 IF (IFLAG EG ©O) GO TOD 175
@ o
b - c VAPOR CONCENTRATIONS EXCEEDED CEILING OR SHORT-TERM
X c EXPOSURE LIMITS
. o
- 0033 WRITE(6, 2) WHICHCIND)
- 0034 2 FORMAT(///1X, 10HPREDICTED .
. 1 IBHINSTANTANEOUS EXPOSURE CONCENTRATIONS
i.— 2 1 1HEACEED THE , AB, 7/, 5X, 10HTIME (MIN), 5X,
- 3 I19HCONCENTRATION (PPM), /)
{ 0035 WRITE(&, 3) (TIME(ISAVE(J)), CVPPM(ISAVE(J)), J=1, KT)
p
b
4
} @
= .-
S
. A-34
3
p-—-
) .
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TANKM. FTN; 5 /F77/TR: ALL/WR
0036 3 FORMAT (6X, F7. 2, 11X, F7. 1, 12X, 2B8HHAZARDOUS WORKING CONDITIONS)
0037 CALL GSF(DT, CVPPM(INDEX). CEXP, NUMVAL)
0038 EXPOS = CEXP(NUMVAL) / TWORK
0039 WRITE (6, 4) EXPOS
0040 4 FORMAT (//1X, 10HPREDICTED ,
1 40HAVERAGE IN~TANK EXPOSURE AS MEASURED BY .,
2 14HA DOSIMETER = ,F9.2,4H PPM, /)
0041 IF (EXPOS .LE. TCHECK) €0 TO 125
0042 WRITE(6,5) WHICHC(IND), WHICH(IND)
0043 S FORMAT (1X, 41HDOSIMETER MONITORING WOULD INDICATE THAT ./,
1 1X, 81HTHE AVERAGE IN~TANK EXPOSURE EXCEEDS THE ./,
2 1X, AB, 40H FOR THIS CHEMICAL VAPOR AND A HAZARDOUS, /,
3 1X. 42HWORKING CONDITION EXISTS. REDUCE EXPOSURE, /.
4 1X, 6HBELOW , A8, 17H BEFORE ASSESSING,
5 18H THE TWA EXPOSURE.. /)
0044 GO TD 600.
0045 125 CONTINUE
0046 WRITE(&, 6) WHICHCIND)
0047 6 FORMAT (1X, 44HDOSIMETER MONITORING WOULD INDICATE THAT THE. /,
1 1X, 42HAVERAGE IN-~TANK EXPOSURE IS ACCEPTABLE AND, /.
2 1X, 20HDOES NOT EXCEED THE . AB, 18H FOR THIS CHEMICAL.,
3 1X, 6HVAPOR. )
0048 WRITE(&, 7)
0049 7 FORMAT (1X, 40HHOWEVER, INSTANTANEDUS CONCENTRATIONS DO, /.
1 1X, 44HEXCEED THESE LIMITS. REAL TIME MEASUREMENTS ,
2 /. 1X, 40HOF VAPOR CONCENTRATION MAY BE INDICATED.)
0050 CTWA = (EXPOS * TWORK) / 4B80.
0051 WRITE(6,8) CTWA
0052 8 FORMAT (/1X. 10HPREDICTED .
1 41HEIGHT-HOUR TIME WEIGHTED AVERAGE EXPOSURE,
2 3H = ,F6. 2, 4H PPM, /)
0053 IF (CTWA .LT. TLVTWA) GO TO 150
0054 WRITE (6. 9)
0055 9 FORMAT (1X, 10HPREDICTED
1 41HEIGHT-HOUR TIME WEIGHTED AVERAGE EXPOSURE, /,
2 1X, 42HEXCEEDS THE TLV-TWA. HAZARDOUS CONDITIONS, /.
3 1X, 1OHMAY EXIST.)
0056 GO TO 600
0057 150 WRITE (&, 10)
0058 10 FORMAT (1 X, 39HMONITORING WOULD ALSD INDICATE THAT THE, /,
1 1X, 42HEXPOSURE 1S ACCEPTABLE WITH RESPECT TO THE. /.
2 1X, BHTLV-TWA. )
0059 G0 TO 600
o
c ALL CONCENTRATIONS WERE BELOW CEILING SHORT-TERM
: c EXPOSURE LIMITS
. c
- 0060 175 CONTINUE
™ 0061 CALL QSF(DT, CVPPM(INDEX)., CEXP, NUMVAL)
: 0062 EXPOS = CEXP(NUMVAL) / TWORK
- 0063 CTWA = (EXPDS * TWORK) / 480.
4 0064 WRITE(&, 11) EXPOS, CTWA
. 0065 11 FORMAT(/, 1X, 10OHPREDICTED ,
4 t 37HAVERAGE EXPOSURE DURING TANK ENTRY = ,F9. 2,
{ 2 4H PPM. /,
1
)

T

A-35
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TANRM FTN; 5 /F77/TR: ALL/WR
3 1X, 44HEIGHT-HOUR TIME WEIGHTED AVERAGE EXPOSURE =
4 F%. 2, 4H PPM/)
0066 IF (CTWA . LT. TLVTWA) GO TO 180
0067 WRITE(6, 12) WHICHCIND)
0068 12 FORMAT (1X, 1OHPREDICTED .,
L 40HEIGHT—~HOUR TWA EXPOSURE EXCEEDS TLV-TWA.
2 33H HAZARDOUS CONDITIONS MAY EXIST.,/,
3 35HSINGLE EXPOSURE DOES NOT EXCEED THE , AB., /)
0069 G0 TO 600
0070 180 CONTINUE
0071 WRITE(S, 13)
0072 13 FORMAT(1X, 10HPREDICTED .,
1 45HSINGLE EXPOSURE 1S5 ACCEPTABLE WITH RESPECT TO,
2 29H TLv-C, TLV-STEL, AND TLV-TWA)
0073 G0 TO 600
¢ .
ccccceeceecceceeececeeeeecceececceeccecceecececcceeeececcecceceeccececcececcececceced
o
C BLOWER NOT ON DURING ENTRY OF MAN
C
o1 of of oY of of o of of e o{ of of o of oL o o o o o oY X o} o o of e o] o o] o oF oY ol o] o o X of o o of of of of el & o o ] {0 o ] oY oY o o o] o o o1
C
0G74 200 CONTINUE
0075 IF (CVPPM(INDEX) .GE. TCHECK) GO TO 400
0076 CTWA = (CVPPM(INDEX) # TWORK) / 480.
0077 WRITE(6, 11) CVPPM(INDEX), CTWA
0078 IF (CTWA . LT. TLVTWA) GO TO 300
0079 WRITE(S6, 12) WHICH(IND)
0080 G0 TO 600
0081 300 CONT INUE
ooB2 WRITE (&6, 13)
0083 G0 TO &00
0084 400 CONTINUE
0085 WRITE(S6, 2) WHICH{IND)
008¢e WRITE(6, 3) (TIME(ISAVE(J)), CVPPM(ISAVE(J) ), J=1, KT)
0087 WRITE(6,4) CYPPM(INDEX)
0088 WRITE(6,5) WHICHC(IND), WHICH(IND)
0089 600 CONTINUE
0090 RETURN
0091 END

R e A -,~.7.1’

’
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0001 SUBROUTINE QSF(H, Y, Z, NDIM)

0002

0003
0004

0005
0006
0007
0008
0009
0010
0011
o012
0013
0014
0015
0016

(9
cccceecceeeeececcececeeececccecceececeecccecececceeccecccececececccececececcececcecece
PURPQOSE
TO COMPUTE THE VECTOR OF INTEGRAL VALUES FOR A GIVEN
EQUIDISTANT TABLE OF FUNCTION VALUES

DESCRIPTION OF PARAMETERS

H - THE INCREMENT OF ARGUMENT VALUES
Y - THE INPUT VECTOR OF FUNCTION VALUES
Z ~ THE RESULTING VECTOR OF INTEGRAL VALUES. Z
MAY BE IDENTICAL WITH VY
NDIM - THE DIMENSION OF VECTORS Y AND Z.
REMARKS

NO ACTION IN CASE NDIM LESS THAN 3.

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
NONE

METHOD

BEGINNING WITH 2(1) = 0, EVALUATION OF VECTOR Z IS DONE BY

MEANS OF SIMPSON’S RULE TOGETHER WITH NEWTONS 3/8 RULE OR A

COMBINATION OF THESE TWO RULES. TRUNCATION ERRDR 1S OF

ORDER H##5 (1. E. FOURTH ORDER METHOD). ONLY IN CASE NDIM=3

TRUNCATION ERROR OF Z(2) 1S OF ORDER H##4.

FOR REFERENCE. SEE

(1) F.B. HILDEBRANK, INTRODUCTION TO NUMBERICAL ANALYSIS,
MCGRAW-HILL: NEW YORK/TORONTO/LONDON, 1956, PP. 71-76

(2) R. ZURHUEHL, PRAKTISCHE MATEMATIK FUER INGENIEURE UND
PHYSIKER., GPRINGER, BERLIN/GOETTINGEN/HEIDELBERG, 1963,
PP. 214-221.

ccecececeececceeececeeeceecceececcecececcecececcccecccceccecececceccecoccececcccecccecocccccce

DIMENSION Y(1), Z(1)

(2] e XeNeNsNoNeRoNs e NeNeNaNe N oo NeNe KN e NeRe Ne N K NeNe NeNe ReRoNoNa el

HT = , 3333333 * H
IF (NDIM-5) 7, 8, 1

C
C NDIM IS GREATER THAN 5. PREPARATIONS OF INTEGRATION LOOP
C
1 SUM1 = Y(2) + Y(2)
SUM1 = SUML1 + SUM1
SUM1 = HT * (Y(1) + SUMLI + Y(3))
AUX1 = Y(4) + Y(4)
AUX1 = AUX1 + AUX1
AUXE = SUML + HT # (Y(3) + AUX1 + Y(5))
AUX2 = HT#(Y(1) 4+ 3.B875 # (Y(2)+Y(5)) + 2 625%(Y(3)+Y(4))+Y(6))
SUM2 = Y(5) + Y(5)
SUM2 = SUM2 + SUM2
SUM2 = AUX2 ~ HT =+ (Y(4) + GUM2 + Y(6))
2(1) = 0

AUX = Y(3) + Y(3)
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0017 AUX = AUX + AUX
l 0018 Z(2) = SUM2 - HT # (Y(2) + AUX + Y(4))
o 0019 Z(3) = SUM1
- 0020 2(4) = SUM2
o 0021 IF (NDIM-&) S, 5, 2
.7. c
- c INTEGRATION LOCP
N c .
u 0022 2 DO 4 I = 7, NDIM, 2
, 0023 SUM1 = AUX1
: 0024 SUM2 = AUX2
P 0025 AUX1 = Y(I-1) + Y(I-1)
e 0026 AUX1 = AUX1 + AUX1
o 0027 AUX1 = SUMI + HT # (Y(I-2) + AUX1 + Y(I))
e ooz28 Z(1-2) = SUML
0029 IF (I-NDIM) 3, &. &
_ 0030 3 AUX2 = Y(I) + Y(I)
- 0031 AUX2 = AUX2 + AUX2
P 0032 AUX2 = SUM2 + HT # (Y(I-1) + AUX2 + Y{I+1))
0033 Z(I-1) = SUM2
0034 4 CONTINUE
0035 S Z(NDIM=1) = AUX1
0036 Z(NDIM) = AUX2
0037 RETURN
0038 6 Z(NDIM-1) = SUM2
0039 Z(NDIM) = AUX1
0040 RETURN
c
c END OF INTEGRATION LOOP
c
0041 7 IF (NDIM-3) 12, 11, 8
c
. c NDIM IS EQUAL TD 4 OR %
: c
- 0042 8 SUMZ2 = 1,125 # HT # (Y(1)+Y(2)+Y(2)+Y(2)+Y(3)+Y(3)+Y(3)+Y(4))
: 0043 SUMI = Y(2) + Y(2)
0044 SUM1 = SUM1 + SUMI
0045 SUML = HT # (Y(1) + SUM1 + Y(3))
0046 2(1) = 0.
0047 AUX1 = Y(3) + Y(3)
0048 AUX1 = AUX1 + AUX1
» 0049 Z(2) = SUM2 - HT # (Y(2) + AUX1 + Y(4))
i 0050 IF (NDIM-S) 10, 9, 9
- 0051 9 AUX1 = Y(4) + Y(4)
L‘ 0052 AUX1 = AUX1 + AUX1
4 0053 Z(5) = SUML + HT # (Y(3) + AUX1 + Y(5))
- 0054 10 2¢(3) = SuMlL
- 0055 Z2(4) = SUM2
0056 RETURN
. c
- c NDIM IS EQUAL TO 3
b
o
4 0057 11 SUML = HT# (1.25 # Y(1) + Y(2) + Y(2) - .25 * Y(3))
- 0058 SUM2 = Y(2) + Y(2)
- 0059 SUM2 = SUM2 + SUM2
g
4
b
: A-38
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0060
0061
0062
0063
0064
0065

/F77/TR: ALL/WR

ZI(3) = HT # (Y(1) + SUM2 + Y(3))
2(1) = 0

2(2) = SuMl

CONTINUE

RETURN

END

A-39
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. TANKP. FTN; 56 /F77/TR: ALL/WR
0001 PROORAM TANKP
0002 REAL NU, MDOTB. M, MDOTHL. MDOTHW, MDOTG, MDOTXY, MDOTZv. MDOTXZ. L. K1
0003 REAL MAIR
. 0004 INTEGER TESTNO
. 0005 DIMENSION MDOTXY(27%), MDOTZY(275), TAUXY(279), TAUZY(275), MDOTG (279)
#, MDOTHL (27%), MDOTHW(275) . TIME(273), C(275), MDOTB (275), CONC (275)
0006 DIMENSION ETIME(30), ECVPPM(30). AR(4), CVPPM(275), CEXP(275)
0007 DOUBLE PRECISION IILX(S), IILY(S), IED(13)
0008 DATA PARAM /0. 33107/
0009 DATA MAIR /28. 97/
0010 OPEN (UNIT=1, NAME=’SYO: TANKPI. DAT‘, TYPE=‘OLD ‘)
0011 OPEN (UNIT=2, NAME= ‘SYO: TANKPO. DAT /, TYPE= ‘NEW ‘)
0012 OPEN (UNIT=3, NAME= ‘SYO: SCRATCH. DAT *, TYPE=‘NEW )

PROGRAM TANKP CALCULATES THE CONCENTRATION-TIME HISTORY OF CHEMICAL
VAPOR DISCHARGED FROM A TANK DURING DILUTION VENTILATION IN THE
PRESENCE OF EVAPORATION OF PURE CHEMICAL RESIDUES FROM THE TANK
WALLS AND FLOOR.
INPUT QUANTITIES AND DIMENSIONS
CO = INITIAL CONCENTRATION. PPM
LW, H =LENGTH, WIDTH AND HEIGHT OF TANK IN METERS IN THE X.,Y AND Z
DIRECTIONS, RESBPECTIVELY
G = DILUTION FLOW RATE. M3/MIN
M = LIGUID MOLECULAR WEIQHT, GM/MOLE
P = MEAN TANK PRESSURE, MM HG
TB = LIQUID BOILING TEMPERATURE.: K ;
G = LIGUID SURFACE TENSION, DYNES/CM AT 20C
DIA = DIAMETER OF BUTTERWORTH OPENING. M
R = UNIVERSAL GAS CONSTANT, (CM3-MM HG)/ (MOLE-K)
A, B,CEE = CURVE FIT COEFFICIENTS FOR LIQUID VAPOR PRESSURE AS A
FUNCTION QF TEMP. LOG10(PV)=mA-B/(CEE+T), PV IN MM HG, T IN
DEG C
ALPHA, BETA, GAMMA = CURVE FIT COEFFICIENTS ON WALL TEMP FOR WALLS
PARALLEL TO Xx-Y PLANE
TWALL (K)=ALPHA+BETA(Y)+CAMM(Y2), Y IN M
ZETA,ETA, THETA = CURVE FIT COEFFICIENTS ON WALL TEMP FOR WALLS
PARALLEL TO Y-Z PLANE
TWALL (K)=ZETA+ETA(Y)+THETA(YR), Y IN M
TFILM = LIQUID CHEMICAL FILM THICKNESS ON VERTICAL WALLS, CM
TPOOL = THICNESS OF LIGUID LAYER ON TANK BOTTOM. CM
TEMPERATURE AT TANK BOTTOM MUST BE EQUAL FOR BOTH TWALL DISTRIB.
C1,C2 = CURVE FIT COEFFICIENTS ON LIGUID DENSITY AS A FUNCTION OF
OF TEMP. RHOFILM(LB/FT3)=C1+C2(T), T(F)
DELTA, EPSILN, PHl = CURVE FIT COEFFICIENTS FOR KINEMATIC VISCOSITY
OF AIR(FT2/8EC) AS A FUNCTION OF TEMP(F) AT ATMOS. PRESS.
NU = DELTA +EPSILN(T)+PHI(T2)
Tl = INITIAL TIME., MIN.
DTIME =TIME INCREMENT BETWEEN SUCCESSIVE CONCENTRATION CALCS. MIN
STEP = NUMBER OF SUBDIVISIONS OF H, DY=H/STEP
NSTEP = INTEGER VALUE OF STEP
TGAS = OAS DISCHARQE TEMPERATURE (K)
NUMEXP = NUMBER OF EXPERIMENTAL POINTS
ETIME(I) = TIME AT WHICH EXPERIMENTAL CONCENTRATION OF
CHECMIAL VAPOR, ECVPPM(1), WAS TAKEN, MIN
ECVPPM(I) = EXPERIMENTAL CONCENTRATION OF CHEMICAL VAPODR
™ = DURATION OF TIME ELAPSED BEFORE MAN ENTERS
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QV TANKP. FTN: 56 /F77/TR: ALL/UWR
TANK, MIN .
i TWORK = LENCTH OF TIME MAN IS IN TANK, IN MIN.
ot ITWORK = 1. BRIEF VISUAL INSPECTION AND ODOR DETERMINATION

WITH CARGOD SURVEYODR.
TWORK = § - 2 MIN.
2. INSPECT TANK COATINGS AND MEASURE THICKNESS
TWORK = 15 - 45 MIN.
3.  HAND MUCKING OF RESIDUE WITH TOWELS AND RAGS
(RELATIVELY DIRTY TANK)
TWORK = 90 MIN.
4. SWEEP DEBRIS FROM TANK BOTTOM AND WIPE PUMP
SUMP (RELATIVELY CLEAN TANK)
TWORK = 40 MIN.
S. USER SPECIFIES TWORMK
1BLOW = Y : BLOWER ON WHILE MAN IN TANK
N BLOWER OFF WHILE MAN IN TANK
R2 = JET DEFL. + HALL JET DIST. . M
TLVTWA = TIME WEIGHTED AVERAGE B-HGUR EXPOSURE LIMIT., PPM
TLVSTL = SHORT TERM EXPOSURE LIMIT., PPM
TLVC = CEILING EXPOSURE LIMIT

INTERNAL COMMENTS
MDOTXY(I) = LOCAL MASS FLUX ON SURFACES PARALLEL TO X-Y
PLANE, GM/CM2~SEC
MDOTZY(I) = LOCAL MASS FLUX ON SURFACES PARALLEL TO Y-Z
PLANE., &M/CM2-SEC
MDDTXZ = TOTAL MASS FLUX ON TANK BOTTOM, GM/CM2-SEC
TAUXY(I)= LOCAL TIME TO EVAPODRATE TFILM ON SURFACES PARALLEL
TO X-Y PLANE, SEC
TAUZY(I) = LOCAL TIME TO EVAPORATE TFILM ON SURFACES PARALLEL
TAUB = TIME TD EVAPORATE TPOOL ON TANK BOTTOM, SEC
TO Y-Z PLANE., SEC
PARAM = OPTIMIZATION PARAMETER FOR CONVECTIVE EVAPORATION VELDCITY,
U (DIMENSIONLESS)

e NeNeRoNeNeNs NN RN e RoNe N e NN e No e Ne o N e e Ne e R N Re Xa s Re o Re N2 R o)

; 0013 READ(1, 5000) TESTNO
. 0014 READ(1.1010)L., W) H, M, P, TB, &, R, STEP, A, B, CEE, C1,C2
0015 READ(1. 1010)DELTA, EPSILN, PHI
. 0016 READ(1. 1005)NSTEP
: 0017 10 CONTINUE
? co18 20 READ(1,1010)C0. G, TFILM, TPOOL, TGAS, DIA, R2
0019 READ(1, 1010)ALPHA, BETA, GAMMA
0020 READ(1, 1010)ZETA, ETA, THETA
0021 READ(1, 1006 )NUMEXP
o022 DO 1 I=i,NUMEXP
0023 1 READ(1, 1007)ETIME(I), ECVPPM(I)
0024 1006 FORMAT(1X, IS)
0025 1007 FORMAT(1X, 2F12. 4)
0026 READ(1,2) T1. TM, TWORK., DTIME
0027 2 FORMAT(SE12. 5)
ooz8 READ(1,2) TLVC, TLVTWA, TLVSTL
0029 READ(1, 13) ITWORK, IBLOW
0030 13 FORMAT (15, A2)
0031 SAVM=M
C
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TANKP. FTN; 56 /F77/TR: ALL/WR
0032 PI=3. 1415927
¥ 0033 UD=Q/ ((60. #PI4DIA%42. ) /4. )
i 0034 XHC = CO / 1000000.
E 0035 RHO = (XHC # M + (1 — XHC) # MAIR) / MAIR
0036 FROUDE = (UD # UD) / (9.8 # H # (RHO - 1))
: 0037 WRITE(S.15) FROUDE
A 0038 WRITE(2.1%) FROUDE
3 0039 15 FORMAT(//, 1X, ‘DENSIMETRIC FROUDE NO. = *,F8.3)
P 0040 IF (FROUDE .6T. 50.) 60 TO 230
¢ 0041 WRITE(S, 16)
. 0042 WRITE(2. 16)
s 0043 16 FORMAT(//, SX, ‘DENSMETRIC FROUDE NUMBER AT THE BEGINNING’, /
4 1 SX, ‘OF VENTILATION IS LESS THAN 50. THE BLOWER MAY NOT‘,/
i | 2 SX, ‘HAVE SUFFICIENT CAPACITY FOR THE VENTILATING JET’,/
5§ § 3 SX, ‘TO PENETRATE THE VAPOR SPACE AND IMPINCE ON THE ‘./
- 4 5X, ‘TANK ROTTOM. THE VAPOR CONCENTRATION IN THE ULLAGE’, /
i 5 SX, ‘SPACE MAY NOT BE WELL-MIXED AND HOMOGENEOUS THROUGH’.
, i 6 ‘OUT’, /93X, ‘THE DURATION OF GAS FREEING. SHORT-CIRCUIT,
& 7 *ING, /5X, ‘OF THE BLOWER JET SHOULD BE ANTICIPATED. THE’
3 g 8 / MODEL DOQES NOT’, 75X, *INCLUDE THIS CONDITION AND WILL‘,
e ; 9 / PROCEED WITH THE‘, /5X, ‘WELL-MIXED ASSUMPTION. '//)
A * 0044 G0 TO 235
0045 230 CONTINUE
‘ 0046 WRITE(S. 17)
o 0047 WRITE(2.17)
0048 17 FORMAT(//, 5X, ‘DENSIMETRIC FROUDE NUMBER AT BEGINNING ', / ]
1 SX., ‘OF VENTILATION IS OREATER THAN 350. BLOWER CAPACITY’,/
2 35X, ‘1S SUFFICIENT FOR THE VENTILATING JET TO PENETRATE ‘. /
3 SX, ‘THE VAPOR SPACE AND IMPINGE ON THE TANK BOTTOM. *. /
4 5X, ‘COMPLETE JET PENETRATION AND IMPINGEMENT ENSURES ', /
\ 5 5X, ‘THAT THE VAPOR CONCENTRATION IN THE ULLAGE SPACE’./
: 6 5X, ‘1S HOMOGENOUS AND THAT THE WELL-MIXED MODELING’, /
i 7 %X, ‘ASSUMPTION IS VALID. FOR FURTHER DETAILS. CONSULT'./
1 8 5%, ‘REFERENCE 4 OF THE CONTRACT FINAL REPORTY. ‘) //)
* 0049 235 CONTINUE
0030 CONm1. 4#UD#DIA%S]1 12
1 0051 R1m0. 154H
‘ 0052 K1=CON/R1#&(1. 1241:)
0033 Um((KI#R1#42. )/ (2, #R2)+CON®(R2##(=1. 12))/(1. =1. 12)#
1(1. =(R1/R2)%#(1. =1, 12)))#100. #*PARAM
0054 Val_aWeH
0055 WRITE(2, 6000) TESTNO
0056 WRITE(2, 1000)
0057 WRITE(2, 6001)
00%8 WRITE(2, 1015)L, W, H. V., €O, . P, TB. 6. U, M, TFILM, TPOOL
0059 WRITE(2, 6012)TLVC, TLVTWA, TLVSTL
0060 4012 FORMAT (46X, 4HTLVC, 46X, 30HTHRESHOLD LIMIT VALUE, CEILING, 5X, 3HPPM,
1 7X. E15. 5, /, 6X., GHTLVTWA, 4X, 22HTHRESHOLD LIMIT VALUE. ./,
2 16X, 21HTIME-WEIGHTED AVERAGE. 14X, 3HPPM, 7X. E15. 5, /, 6X,
3 6HTLVSTL, 4X, 22HTHRESHOLD LIMIT VALUE, ./, 16X,
4 25HSHORT-TERM EXPOSURE LIMIT, 10X, 3HPPM, 7X. E15. 5)
0061 IF (ITWORK .EQ. 1) WRITE(2,8) TWORK
0062 IF (ITWORK .EQ. 2) WRITE(2,9) TWORK
0063 IF (ITWORK .EQG. 3) WRITE(2,3) TWORK
0064 IF (ITWORK .EQ. 4) WRITE(2,4) TWORK
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Y TANKP. FTN; 56 /F77/TR. ALL/WR
! 0065 IF (ITWORK .EG. 5) WRITE(2,95) TWORK
a 0066 8 FORMAT (/, 6X, 42HTWORK1 - BRIEF VISUAL INSPECTION AND ODOR ,
i 1 13HDETERMINATION, /, 1 X, 30HWITH CARGO SURVEYOR, TWORK! = ,
2 F10. 4, 5H MIN. )
0067 L4 FORMAT(/, 6X. 43HTWORK2 — INSPECT TANK CODATINGS AAND MEASURE .
1 1OHTHICKNESS ., /, 6X, PHTWORKR = , F10. 4, 5H MIN.)
: 0068 3 FORMAT (/, 6X, 42HTWORK3 -~ HAND MUCKING RESIDUE WITH TOWELS , /. 1X,
) 2 9HAND RAGS. /. 6X,
2 34H(RELATIVELY DIRTY TANK), TWORK3 = ,F10.4,5H MIN )
0069 4q FORMAT (/, 6X, 4BHTWORK4 ~ SWEEP DEBRIS FROM TANK BOTTOM AND WIPE .

9HPUMP SUMP,
/. &6X, 34H(RELATIVELY CLEAN TANK), TWORK4 = ,F10.4,3H MIN.)

[ AR

3 0070 S FORMAT(/ 6X, 34HTWORKS - USER SPECIFIES, TWORKS = ,F10.4,5H MIN. )
4 0071 IF (IBLOW .EQ. 1HN) G0 TO 248
: 0072 WRITE(2, 6)
A 0073 6 FORMAT(/, 6X, 31HBLOWER IS ON DURING MAN'S ENTRY. /)
3 0074 G0 TO 249
; 0075 248 WRITE(2
] 0076 7 FORHAT(/.&X 32HBLOWER 15 OFF DURING MAN’S ENTRY./)
" 0077 249  CONTINUE
b c
c CALCULATION OF MDOTXZ AND TAUB (EVAP. FLUX AND EVAP. TIME ON TANK
c BOTTOM)
c
0078 TO=ALPHA+BETA#H+GAMMA® (Hu2)
o 0079 T=1. B#T0-460. O
0080 TCaT0-273. 15
0081 PV=10. #%(A-B/(CEE+TC))
o082 D=Q. 425/P#SGRT (TGAS*##3/ (MxTB/&) )
ooe3 NU=DEL TA+EPSILN#T+PHI# (T##2)
0084 NU=NU* (2. 54412, ) #%2
, 0085 SC=NU/D
0086 PDWER=0. 625% (SC##0. 3)
' 0087 FREC=0 217#(SC##(~0. 9))*(SC#U)*#POWER
] ooes MDOTXZ=M*D*PV*FREC/ (R#TGAS)
' 0089 RHOF=(C1+C2#T)#454. 0/( (12 #2. 54)%#3)
0090 TAUB=TPOOL #*RHOF /MDOTX 2
3 0091 WRITE(2, 1020) TO. PV, D, NU, SC, RHOF, MDOTXZ, TAUB, FREC
. c
c CALCULATION OF MDOTXY(I),MDOTZY(I), TAUXY(I) AND TAUZY(I) VECTORS
c (FLUX AND TIME QUANTITIES FOR TANK WALLS)
‘ c
. 0092 DY=H/STEP
0093 I=1
0094 Y=0 0
i 0095 WRITE(2, 1022)
0096 WRITE(2, 1024)
: 0097 LINEKT = 3
0098 100 TXY=ALPHA+BETA®Y+CAMMA® (Yau2)
0099 Tml, BHTXY~4560.
0100 TC=TXY~-273 15
0101 PV=10. ##(A-B/(CEE+TC))
b 0102 Dm0 425/P#SQRT(TOAS##3/ (MsTB/G))
0103 NUsDEL TA+EPSILN#T+PHI®# (T#2)
’ 0104 NUSNU (12 #2 54) ##2
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TANKP. FTN; 56

0105
0106
0107
0108
0109
01.0
o111
0112
0113
0114
0115
0116
0117 104
o118
0119
0120

o121 105
0122

0123

0124

0125

0126 110
0127

o128

0129

0130

Q131

0132

0133

0134

013%

0136

0137

0138

0139

0140

0141

0142

0143

0144

0145 114
0146

0147

0148

0149 115
0130

OO0

0131 117
0152
0133

/F77/TR: ALL/WR

SC=NU/D
POWER=OD. 62%+ (SC##0. 3)
FREC=0. 217#(SC##(~0. ) ) # (SCHU) ##POWER
MDOTXY (1) =DuMePV#FREC/ (R#TOAS)
RHOF= (C1+C24T)#454. /((12. #2.54)#83)
TAUXY (I )=TF ILM*RHOF/MDOTXY (1)
WRITE(2., 1026)Y, TXY, MDOTXY (1), TAUXY(I), D, NU, PV, 8C, FREC
LINEKT = LINEKT + 1
IF (LINEKT .LT. 9%6) 6D TO 104

WRITE(2, 1022)

WRITE(2, 1024)

LINEKT = 3
CONT INUE
ImI+1
YuY+DY
IF(Y-H)100, 100, 105

Js1
Y=0. O
WRITE(2, 1028)
WRITE(2, 1030)
LINEKT = 3
TIZY=ZETA+ETA®Y+THETA# (Y#%2)
Tw], B#T2ZY~460.
TC=TZY-273. 15
PY=10. ##(A-B/(CEE+TC))
D=0. 425 /P#SQRT(TCAS*#3/ (M#TB/C))
NUsDELTA+EPSILN#T+PHI# (T##2)
NUsNU#(12. #2, 54) %2
8C=NU/D
POWER=Q. 625#(SC##0. 3)
FREC=0. 217#(SC##(~0. §))#(SC#U)##POWER
MDOTZY (J)=DaM#PV#FREC/ (R*#TGAS)
RHOF=(C1+C24T)#454. /((12. #2. 54)#x3)
TAUZY (J)=TFILM#RHOF /MDOTZY(J)
WRITE(2,1026)Y, TZY, MDOTZY(J), TAUZY(J), D, NU, PV, §C, FREC
LINEKT = LINEKT + 1
IF (LINEKT .LT. 56) G0 TO 114
WRITE(2, 1028)
WRITE (2, 1030)
LINEKT = 3
CONTINVE
Ju 4y
YuY+DY
IF(y-H)110,110, 115
WRITE(2, 1060)
LINEKT = 4

CALCULATION OF LOCAL EVAPORATION FLUX RATE AND EVAPORATION
TIMES IS COMPLETE. BECIN INTEQRATION OF LOCAL EVAPORATION
FLUXES TO OBTAIN TOTAL EVAPORATION RATE - TIME HISTORY

K=y

TIME(K)=TI
TMAX = TM + TWORK
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TANKP FTN; 56 /F77/TR: ALL/WR
0154 IF (IBLOW EG 1HN) TMAX = TM
0135 NPOINT=NSTEP+1
0156 120 DO 125 I=i, NPOINT
0157 IF(TIME(K)#60. 0. GT. TAUXY (1) IMDOTXY(I)=0. O
01958 IF(TIME(K)#60. 0. GT. TAUZY(1))MDOTZIY(1)=0. 0
0139 125 CONTINVE
0160 IF(TIME(K)%60. 0. OT. TAUBYMDDTX2Z=0. 0
0161 MDOTB{K)=MDOTXZ*%W#1. EO04
0162 AREn=0. 0
0163 DO 30 1=1, NSTEP
0164 AREA=AREA+DY# (MDOTXY(I)+MDOTXY(1+41))/2. 0
0145 130 CONTINUE
0166 MDOTHL (K)=AREA®#L*1 EQ4
Q167 AREA=0. O
0168 DO 140 I=1, NSTEP
0169 AREA=AREA+DY# (MDOTFZY(1)+MDOTZY(I+1))/2. 0
0170 140 CONTINUE
0171 MDOTHW (K ) =AREA#W#*1 EQ4
0172 MDOTG (K)=MDOTB (K)+2. %« (MDOTHL (K) +MDOTHW(K)) j
0173 KK+ 1
0174 TIME(K)=TIME(K-1)+DTIME
017% IF(TIME(K)-TMAX ) 120, 120, 150
C
C INTEGRATION OF TOTAL EVAPORATIVE FLUXES 1S COMPLETE.
C RUNGE-KUTTA INTEGRATION OF CONCENTRATION DE
C
0176 150 K=1
0177 LPRINT=1
0178 JCOUNT=1
0179 CVPPM(1)=CO
0180 CO=CO#(P/760 )#(298. 1S5/TCAS »#(M/24. 4%)
0181 C(K)=CO
o182 155 vY=C(K)
0183 DOTMG=MDOTG(K)
0184 F=(&60000 #DOTMG/V)-Q%Y/V
0185 X=TIME(K)
0186 NT=0
0187 160 CONTINUE
0188 STUFF=RKLDEG(1, Y, F, X, DTIME, NT)
o189 CONC(K)=Y
0190 DOTMG=MDOTC(K)—( (TIME(K)=X) /(TIME(K)~TIME(K+£)))#(MDOTC(K)~-MDOTG(K
*4+1))
0191 F=(60000. #DOTMG/V ) “Q#CONC(K) /V
Q192 IF(STUFF.NE. 2 06D TOD 160
0193 K=K+ 1
0154 C(K)=CONC(K-1)
0195 CRATIO=C(K)/CO
0156 M=SAVM
0197 CONC(K)=CONC (K-1)%(760. /P)%(TQAS/298. 15)%#24 45/M
0198 CVPPM(K)=CONC (K)
0199 COR=G#TIME(K) /V
0200 IF{JCOUNT-LPRINT)> 170, 165, 165
0201 165 WRITE(2, 1070)TIME(K), CONC(K), CRATIO, COR, MDOTG (K, MDOTHL (K) .,
#MDOTHW (K ), MDDTB(K)
0202 LINEKT = LINEKT + 1

& A-46
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TANKP. FTN; 56 /F77/TR: ALL/WR

0203 IF (LINEKT .LT. S56) G0 TO 166

0204 WRITE(2, 1060)

0205 LINEKY = 4

0206 166 CONT INUVE

0207 JCOUNT=1

0208 e0 To 173

0209 170 JCOUNT=2

0210 175 IF(TIME(K)~-TMAX) 155, 2000, 2000

o211 6001 FORMAT (27X, 16HONE-TIME OUTPUTS, /., 53X, BHVARIABLE, 68X,

1 131HDESCRIPTION, 20X, SHUNITS, 84X, 6HRESULT, //)

o212 1000 FORMAT(B0A1)

0213 1005 FORMAT(14)

0214 1010 FORMAT(6E1L1R2. 6)

o215 1015 FORMAT(&6X, 1HL, 9X,

1 11HTANK LENGTH., 24X, 1HM, 92X, F6. 1,
2 7, 6% 1HW, 9X, 10HTANK WIDTH, 25X, 1HM. 9X, F&. 1,
3 /s 6X, 1HH, 9X, 1 1HTANK HEIOHT, 24X, 1HM, 9X. Fb. 1,
4 7/, 6X, 1RV, X, 1 1HTANK VOLUME, 24X, 1HM, 7X, F8. &,
S /+ 6X, 2HCO, BX, 21HINITIAL CONCENTRATION. 14X, SHMG/M3, 2X, F9. 1,
& /6%, 1HQ, 9X, 16HVENTILATION RATE, 19X, 6MHM3/MIN, 4X, Fé6. 1,
7 /,» 6X, 1HP, 9X, 13HTANK PRESSURE, 22X, SHMM HG, 5X, F&. 1,
8 /+ 6%, 2HTB, 8X, 20HLIQUID BOILING POINT, 15X, 1HK, 9X, Fé6. 1,
CJ /76X, 1HG, 9X, Q2HLIQUID SURFACE TENSION, 13X, BHDYNES/CM, 2%, F6. 1
1 o Lo 66X 1HU, 9X, 17HWALL AIR VELOCITY, 18X, 6HCM/SEC. 4X, F&. 1,
2 /76X, 1HM, X, 23HLIQUID MOLECULAR WEIGHT. 12X, 7HGM/MOLE, 3X.F7. 2
3 /s 6X, SHTFILM, 5X, 23HFILM THICKNESS ON WALLS, 12X, 2HCM, 9X, Fé. 2
4 /76X, SHTPOOL, 5X, 24HFILM THICKNESS ON BOTTOM, 11X, 2HCM, 92X, Fé6. 2
) /)
0216 1020 FORMAT (1HO, 9X, 22HSUMMARY OF TANK BOTTOM/ .
1 3X. BHQUANTITY, 34X, 6HRESULT, /.,
L 1HO, 2X, 20HFLOOR TEMPERATURE(K), 21X, Fé6. 1/
[ 3X: 21HVAPOR PRESSURE (MM H@), 20X, Fé. 1/
$ 3X, 30HDIFFUSION COEFFICIENT(CM2/SEC), 10X, F7. 4/
$ 3%, ISHKINEMATIC VISCOSITY OF AIR(CM2/SEC),2X,.E10 4/
s 3X, 14HSCHMIDT NUMBER., 23X, F10. 4/
3 3X, 1QHRHOF (GM/CM3), 29X, F6. 37/
$ 3X, 18HMDOTXZ (GM/CMR-SEC), 19X, E10. 4/
[ 3X, 9HTAUB(SEC), 30X, F8. 1/
s 33X, 11H1/F (CM#%=1), 30X, F6. 3)

0217 1022 FORMAT(1H1, 57X, 19HSUMMARY OF X-Y WALL)

0218 1024 FORMAT(1HO, 4X, gHY (M), X, 7HTEMP(K), 5X, 14HMDOTXY(G/C2-5), 3X, 11H TAU
$XY(SEC), 4X, 10HD(CMR/8EC), 4%, 11HNU(CMR2/SEC), SX, PHPV (MM HC), 8X, 2HSC,
88X, 11H1 /F(CMe%-1))

0219 1026 FORMAT(4X,F6. 2, 9%, F6. 1, 7X,. E11. 4, 6X,F8. 1, SX,F8. 5, 7X, F7. 4, 8X, FB. 3, 8X
$.F6. 3,9X.F8. 4)

0220 1028 FORMAT (1H1, 57X, 19HSUMMARY OF Y-Z WALL)

[s-73 ¥ 1030 FORMAT (1HO, 84X, 4HY (M), 9X, 7HTEMP(K), 85X, 14HMDOTZIY(C/C2-S), 3X, 11H TAU
$ZY(SEC), 4X, 10HD(CMQ/SEC), 5X, 11HNU(CMR2/SEC), SX, IHPV(MM HG), BX, 2HSC,
$8X, 11H1 /F (CMen=~1))

0222 1060 FORMAT (1H1, 36X, 47HTANK CONCENTRATION AND EVAPORATION RATE MISTORY/
$ 1HO, 2X, SHTIME(MIN), 5X, 12HCONCENT (PPM), 7X, 4HC/CO, 11X, 4HQAT/V,
s 6X, 13HMDOTG(OM/SEC), 4X, 14HMDOTHL (GM/SEC), 4X, 14HMDOTHW (GM/SE
8C), 4X, 13WMDOTB (GM/SEC) )

0223 1070 FORMAT(4X.F6. 2, 9X, FB. 0, 7X, F6. 3, 10X, F&. 2, 7X, F9. 3, 8X, F9. 3, 9X, F9. 3, 9X

$, F9.3)
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! TANKP. FTN; S& /F77/TR: ALL/WR |
e 0224 5000 FORMAT(15)
e 0225 6000 FORMAT (23X, ‘#eexs TEST NO. *, 13, ' wenen’//)
. 0226 2000 CONTINUE i
: o227 CALL BLOW(IBLOW, TMAX. TM, TWORK, CVPPM, TLVC, TLVSTL, TLVTWA,
. 1 DTIME, TIME, CEXP. TI)
: o
_ . c WRITE DATA TO UNIT 3 FOR PLOTTING
; c
2 o228 II1=K~1
B 0229 III = (TMAX - TI) / DTIME + 1
; 0230 WRITE(3,#) III, NUMEXP, TESTNO, TLVC, TLVTWA, TLVSTL
0231 DO BOO I = 1, III
0232 WRITE(3, #) TIME(I), CVPPM(I)
0233 800  CONTINUE .
0234 IF (NUMEXP .EG. 0) @0 TO 900
! 0235 DO 8350 I = 1, NUMEXP
¥ ‘ 0236 WRITE(3, %) ETIME(X), ECVPPM(I)
; 0237 850  CONTINUE
! 0238 900  CONTINUE
X 0239 STOP
X 0240 END

PO -

-t

——, “’Mw‘ N " ‘Ux
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TANKP. FTN; 56

0001

0002

0003
0004

0003
0006
0007
0008
0009
0010
0011
0012
0013
0014
00195
0016
0017
0018
0019

0021
0022
0023
0024
0023
0026

c
C
c
c
c

S1

/F77/TR: ALL/WR
FUNCTION RKLDEG(N. Y, F. X, H, NT?

D2 UCSD RKLDEG RUNGE-KUTTA-GILL LINEAR DIFFERENTIAL EQUATION SOLVER

D2 UCSD RKLDEG

MODIFIED MAY 1963 (@ REMOVED FROM CALLING SEQUENCE)
TEST OF ALOOL ALGORITHM
DIMENSION Y(1).F(1),Q(1)

REAL X, H=—INTEGER N.NT--COMMENT--BEQIN INTECER I.J.L-REAL A
NT=NT+1

Q0 TO (1,2.3,4),NT

Q0 TO S(NT)

DO 11 uU=i,N

Q(J)=0.

A= 9

XmX+H/2,

G0 TO S

A= 29289321881

¢0 7O 5

As=]. 7071047812

XmX+H/2.

CO0TOD S

DO 41 I=i,N

Y(I)=Y(I)+H®#F(1)/6. ~Q(I1)/3.
NT=0

RKLDEG=2.

e0 TO &

DO 51 L=1.N
Y(L)=Y(L)+AR(H®F (L) ~Q(L))
Q(L)=2. »ARHRF (L) +(1. =3. #A)#Q (L)
RKLLCEQG=1. '
CONT INVE

RETURN

END

A-49




- PDP-11 FORTRAN-77 V4. 1-2 10:12: 958 20-Apr-83 Page 13
‘ TANKP. FTN: 56 /F77/TR: ALL/WR
0001 SUBROUTINE QGSF(H, Y. Z. NDIM)

[o1e] of o{o] of of of of of of o of of o o] of of of o o of ol of of of oY od o o of of of o] o of of of of of o of oF of o{ e{ o ] o o{ o ol { o L e{ el Tl ed Y ] o] of o 0T 0 o] o1 0] ¢

PURPOSE .
TO COMPUTE THE VECTOR OF INTEGRAL VALUES FOR A GIVEN
EQUIDISTANT TARLE OF FUNCTION VALUES.

DESCRIPTION OF PARAMETERS
H - . THE INCREMENT OF ARGUMENT VALUES

Y - THE INPUT VECTOR OF FUNCTION VALUES
Zz - THE RESULTING VECTOR OF INTEGRAL VALUES Z
MAY BE IDENTICAL WITH V.
NDIM - THE DIMENSION OF VECTORS Y AND 2
i REMARKS

NO ACTION IN 6ASE NDIM LESS THAN 3.

SUBROUTINES AND FUNCTION SUBPROGRAMS REGUIRED

OO0 00000OO00O000000

NONE
s METHOD
i

C BEGINNING WITH Z(1) = O, EVALUATION OF VECTOR 7 1S DONE BY
C MEANS OF SIMPSON‘S RULE TOGETHER WITH NEWTONS 3/8 RULE OR A ;
C COMBINATION OF THESE TWO RULES. TRUNCATION ERROR IS OF
c ORDER H»#5 (1. E. FOURTH ORDER METHOD). ONLY IN CASE NDIM=3
c TRUNCATION ERROR OF 2(2) 1S OF DRDER H#=4
c FOR REFERENCE, SEE
c (1) F.B HILDEBRANK, INTRODUCTION TO NUMBERICAL ANALYSIS.
C MCGRAW-HILL, NEW YORK/TORONTO/LONDON, 193, P2. 71-76
C (2) R. ZURHUEHL, PRAKTISCHE MATEMATIK FUER INGENIEURE UND
C PHYSIKER, SPRINGER, BERLIN/GOETTINGEN/HEIDELBERG. 1963,
c PP. 214-221.
c
cceececceeececeeecececeeceeceeeecceeeececececceceecceccececceccececcececcececcceccee
c

0002 DIMENSION Y(1), Z(1)
c

0003 HT = 3333333 * H

0004 IF (NDIM-5) 7, B, 1
c
C NDIM IS GREATER THAN S PREPARATIONS OF INTEGRATION LOOP
c

00095 1 SUML = Y(2) + Y(2)

0006 SUM1 = SUML + SUML

0007 SUMI = HT # (Y(1) + SUM1 + Y(3))

0008 AUX1 = Y{(4) + Y(4)

0009 AUX1 = AUX1 + AUX1

0010 AUX1 = SUML + HT # (Y(3) + AUXL + Y(5))

0011 AUX2 = HT#(Y(1) + 3.875 % (Y(2)+Y(5)) + 2 625#(Y(IJ)+Y(4))+Y(6))

0012 SUMZ = Y(5) + Y(5)

0013 SUM2 = SUM2 + SUM2

0014 SUM2 = AUXR2 — HT # (Y(4) + SUM2 + Y(6))

0015 I(1) = O,
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TANKP. FTN; 56

0016
0017
0018
0019
0020
0021

o022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040

0041

0042

0043
0044
00435
00446
0047
0048
0049
0030
0091
0092
0083
0054
0095
0036

0037

nNOOO

DOOONOOOD

N eNeNsl

/F77/TR: ALL/WR

AUX = Y(3) + Y(3)

AUX = AUX + AUX

Z(2) = SUM2 ~ HT # (Y(Q) + AUX + Y(4))
Z(3) = SumMi

1(4) = SUM2

IF (NDIM-6) S5, 5, 2

INTEGRATION LOOP

DD 4 1 = 7, NDIM, 2
SUML = AUX1
SUM2 = AUX2
AUX1 = Y(I-1) + Y(I-1)
AUX1 = AUX1I + AUX1
AUX] = SUMI + HT # (Y(I-2) + AUX1 + Y(I))
2(1-2) = SUM! |
IF (I-NDIM) 3. &, 6
AUX2 = Y(I) + Y(I)
AUX2 = AUX2 + AUX2
AUX2 = SUMR2 + HT # (Y(I-1) + AUX2 + Y(I+1))
Z(I-1) = SUM2
CONTINUE
Z{NDIM-1) = AUX1
Z(NDIM) = AUX2
RETURN
Z(NDIM-1) = SUM2
Z(NDIM) = AUX1
RETURN

END OF INTEGRATION LOOP
IF (NDIM-3) 12, 11, 8
NDIM IS EQUAL TO 4 OR 5

SUM2 = 1. 125 # HT # (Y(1)+Y(2)+Y(2)+Y(2)+Y (D) +Y(3)+Y(3)+Y (48))

SUML = Y(2) + Y(2)

SuMi = SuUM1 + SumMli

SUML = HT # (Y(1) + SUML + Y(3))
(1) = O,

AUX1 = Y(3) + Y(3)

AUX1 = AUX1 + AUXI

2¢(2) = SUM2 ~ HT # (Y(2) + AUX1 + Y(4))
IF (NDIM-5) 10, 9 9

AUX1 = Y(4) + Y(4)

AUX1 AUX1 + AUX1

(9 SUML + HT # (Y(3) + AUX1 + Y(5))
LD sSUM1

2(8) SUM2

RETURN

NDIM IS EQUAL TO 3

SUMI = HT# (1. 25 # Y(1) + Y{(2) + Y(2) - .25 # Y(3))

et s i .




PDP-11 FORTRAN-77 V4. 1-2 10:12: 58 20-Apr-83 Page 15
TANKP. FTN: 56 /F77/TR: ALL/WR

oose sSUM2 Y(2) + Y(2)

003" SUM2 suM2 + SUM@

0060 () HT # (Y(1) + SUM2 + Y(3))
0061 rASY 0.

0062 Z(2) = SUML

0063 CONTINUE

0064 RETURN

0065 END
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TANKP. FTN; 56 IFT7/TR: ALL/WR :
0001 SUBROUTINE BLOW(IBLOW. TF, TM. TWORK., CVPPM, TLVC, TLVSTL.
1 TLVTWA, DT, TIME, CEXP, TI)
c
0002 DIMENSION CVPPM(1), TIME(1), CEXP(1), ISAVE(275)
0003 DOUBLE PRECISION WHICH(2)
c
0004 IF (IBLOW .EQ. 1HN) TF = TF + TM
0005 WRITE(2,1) TM, TF
0006 1 FORMAT (1H1, ///, 14X, 39HEVALUATION OF VAPOR CONCENTRATIONS .
1 16HDURING MAN-ENTRY, 7/, 23X, 26HTANK 1S ENTERED AT TIME = ,
2 FS. 1, 4H MIN, /, 23X, 25HTANK 1S EXITED AT TIME = ,F5. 1,
3 4H MIN, //)
0007 WHICH(1) = BHTLV-C
0008 WHICH(2) = BHTLV-STEL
0009 IND = 1
0010 IF (TLVC .EQ. O) IND = 2
0011 INDEX = (TM - TI) / DT + 1
0012 IFLAG = O
0013 TCHECK = TLVC
0014 IF (TLVC .EG. O.) TCHECK = TLVSTL
0015 KT = 0
0016 NUMVAL = (TF = TM) / DT + 1
0017 ITOTAL = (TF = TI) / DT + 1
oo18 IF (IBLOW .EQ. 1HY) GO TO 7%
0019 DO 50 I = INDEX + 1, ITOTAL
0020 CVPPM(I) = CVPPM(I-1)
0021 TIME(I) = TIME(I-1) + DT
0022 S0 CONT INUE
0023 75 CONTINUE .
0024 DD 100 I = 1, NUMVAL
0025 J = ITOTAL - (NUMVAL - I )
0026 IF (CVPPM(J) .LE. TCHECK) G0 TO 100
0027 KT = KT + 1
o028 ISAVE(KT) = J
0029 IFLAG = 1
0030 100  CONTINUE
0031 IF (IBLOW .EQ. 1HN) GO TO 200
c
CCCECCCCCCECCCCCECCCCCCeECCeCCCeeCCeeCCCCCCCeCCCCCCcCCCCCCCeCeeeececee
c
c BLOWER ON DURING ENTRY OF MAN INTO TANK
c
CCCCCCLCCCCCEceCCeCeCCeeCCCCCCCCCeCCCCeCCCeeeeeeClCeeCeececceeececece
c
0032 IF (IFLAG .EQ. 0) G0 TQ 175
c
c VAPOR CONCENTRATIONS EXCEEDED CEILING OR SHORT-TERM
c EXPOSURE LIMITS
c
0033 WRITE(2,2) WHICH(IND)
0034 2 FORMAT (///1X, 10HPREDICTED ,
1 38HINSTANTANEOUS EXPDSURE CONCENTRATIONS ,
2 11HEXCEED THE . AB. //, 5X. 1OHTIME (MIN), 5X,
3 {19HCONCENTRATION (PPM), /)
0035 WRITE(2,3) (TIME(ISAVE(J)), CVPPM(ISAVE(J)), J=1, KT)

A-53




0036
0037
0038
0039
0040

0041
0042
0043

0048
0049

0050
0051
0os2

0053
0054
0055

0056
0057
00358

0059

0060
0061
0062
0063
0064
0065

3

125

150
10

OO0

11

(VAR R

WA -

W~
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TANKP.  FTN; 56

/F77/TR: ALL/WR

FORMAT (6X, F7. 2, 11X, F7. 1, 12X, 2BHHAZARDOUS WORKING CONDITIONS)

CALL GQSF(DT, CVPPM(INDEX)., CEY®. NUMVAL)

EXPOS = CEXP(NUMVAL) / TWORK

WRITE(2,4) EXPOS

FORMAT(//1X, 1OHPREDICTED .
40HAVERAGE IN-TANK EXPOSURE AS MEASURED BY ,
14HA DOSIMETER = ,F9. 2, 4H PPM, /)

IF (EXPOS .LE. TCHECK) €0 TO 125

WRITE(2:5) WHICH(IND), WHICH(IND)

FORMAT (1X, 41HDOSIMETER MONITORING WOULD INDICATE THAT ./,
1X, 41HTHE AVERAGE IN-TANK EXPDSURE EXCEEDS THE . /.
1X, AB, 40H FOR THIS CHEMICAL VAPOR AND A HAZARDOUS. /,
1X, 42HWORKING CONDITION EXISTS. REDUCE EXPOSURE. /.
1X, 6HBELDW , AB, 17H BEFORE ASSESSING.

184 THE TWAa EXPOSURE. ., /)

G0 TO 600 -

CONTINUE

WRITE(2, 6) WHICH(IND)

FORMAT (1X, 44HDOSIMETER MONITORING WOULD INDICATE THAT THE, /.
1X, 42HAVERAGE IN-TANK EXPOSURE IS ACCEPTABLE AND. /.
1X, 20HDOES NOT EXCEED THE ., AB8. 18H FOR THIS CHEMICAL,
1X, 6HVAPOR. )

WRITE(2,7)

FORMAT (1X, 4OHHOWEVER, INSTANTANEOUS CONCENTRATIONS DO. /.

1X, 44HEXCEED THESE LIMITS. REAL TIME MEASUREMENTS ,
/. 1X, 40OHOF VAPOR CONCENTRATION MAY BE INDICATED.)

CTWA = (EXPOS #* TWORWK) / 480

WRITE(2.8) CTWA

FORMAT (/1X, 1OHPREDICTED .
41HEIGHT-HOUR TIME WEIGHTED AVERAQE EXPOSURE.,
3H = .Fb. 2,4H PPM, /)

IF (CTWA . LT TLVTWA) €0 TO 150

WRITE(2, 9)

FORMAT (1X, 10MPREDICTED ,

41HEIGHT-HOUR TIME WEIGHTED AVERAGE EXPOSURE. /.
1X, 42HEXCEEDS THE TLV-TWA. HAZARDOUS CONDITIONS. /,
1X, 10HMAY EXIST.)

60 YD 600

WRITE(2, 10)

FORMAT(1X, 39HMONITORING WOULD ALSDO INDICATE THAT THE. /.
1X. 42HEXPOSURE IS ACCEPTABLE WITH RESPECT TO THE. /,
1X, BHTLY-TWA. )

Q0 TO 600

ALL CONCENTRATIONS WERE BELDW CEILING SHORT-TERM
EXPQSURE LIMITS

CONTINUE
CALL QSF(DT, CVPPM(INDEX)., CEXP, NUMVAL)

EXPOS = CEXP(NUMVAL) / TWORK

CTWA = (EXPOS # TWORK) / 480.

WRITE(2.11) EXPOS, CTWA

FORMAT(/, {1 X, 1O0HPREDICTED .

37HAVERAGE EXPOSURE DURING TANK ENTRY = ,F9. 2,
4H PPM, /.
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TANKP FTN. 54 IF77/TR: ALL/WR
3 1X, 44HEICHT~HOUR TIME WEIGHTED AVERAGE EXPOSURE = |,
4 F9. 2, 4H PPM/)
0066 IF (CTWA . LT. TLVTHA) 0O TO 180
0067 WRITE(2, 12) WHICH(IND)
0068 12 FORMAT (1X. 1OMPREDICTED .
1 40HEIQGHT-HOUR TWA EXPQSURE EXCEEDS TLV-TWA. ,
- 2 33H HAZARDOUS CONDITIONS MAY EXIST. ./,
£ 3 35HSINGLE EXPOSURE DOES NOT EXCEED THE . A8, /)
; 0069 G0 TO 600
) 0070 180 CONTINUE
- 0071 WRITE(2, 13)
- 0072 13 FORMAT (1X, 10HPREDICTED |,
" 1 4SHSINGLE EXPOSURE IS ACCEPTABLE WITH RESPECT TO.
E. ! 2 29H TLV~C, TLV~STEL. AND TLV~TWA)
- i 0073 6D TO &00
c .
! CCCLLCECCCTCCCCCCCCECCCCCCCCECeeCeeececeececececeeceecececececeecceeceet
c
~ ¢ BLOWER NOT ON DURING ENTRY OF MAN
3 ! c
P , CCCCCCCCCCCCCCCeetCCCCeCeeCCCCCeCcCeCeCCCCCCCCCCCCCeCceCecececeee
o
0074 200 CONTINUE
. 0075 IF (CVPPM(INDEX) .QE. TCHECK) €O TO 400
0076 CTWA = (CVPPM({INDEX) # TWORK) s/ 480.
0077 WRITE(2, 11) CVPPM(INDEX), CTWA
0078 IF (CTWA .LT. TLVTWA) G0 TO 300
0079 WRITE(2, 12) WHICH(IND)
0080 . 60 TO 600
0081 300 CONTINUE
ooe2 WRITE(2,13)
0083 €0 TO 600
: 0084 400 CONTINUE
, 0085 WRITE(2, 2) WHICH(IND)
0086 WRITE(2,3) (TIME(ISAVE(J)): CYPPM(ISAVE(J)), J=i, KT)
0087 WRITE(2, 4) CYPPM(INDEX)
0088 WRITE(2, 5) WHICH{IND), WHICH(IND)
0089 600 CONTINUE
0090 RETURN
0091 END
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PROGRAM LISTING FOR THE ONDEK

- : PLUME DISPERSION MODEL

Main Program
Integer Function
Integer Function
Real Function
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine

ONDEK
HAMING
RUNGE
SIMUL
RHS
CSUM
CONT
START
INDAT
PROMPT




e et Sy e

Cuanst PROGRAM ONDEK #4505 50 0 3 83050 54045 00 40 3030 30 30 00 303000 0 3000 30 30 30 30 30 00 S0 06 3 96 00 06 36 06 30 30 0 4000 3 S
....... THIS PROGRAM COMPUTES THE TRAJECTORY AND CONCENTRATION DISTRI-
....... BUTION OF BUOYANT PLUMES OF CHEMICAL VAPOR AND AIR THAT ARE
....... EMITTED INTO AN ATMOSPHERIC BOUNDARY LAYER. THE COMPUTER PRO-
....... GRAM 1S BASED UPON OOMS‘ METHOD (REFERENCE, ¢. 0OOMS, ‘A NEW
....... METHOD FOR THE CALCULATION OF THE PLUME PATH OF GASES EMITTED
....... BY A STACK'‘, ATMDSPHERIC ENVIRONMENT, VOL 6. 31972) AND TE
....... RIELE’S METHOD (REFERENCE, P.H. M. TE RIELE. ‘ATMOSPHERIC DISPER-
....... SION OF HEAVY GASES EMFTTED AT OR NEAR GROUND LEVELS’, 2ND
....... INTERNATIONAL SYMPOSIUNM ON LOSS PREVENTION AND SAFETY PROMOTION
..... . IN THE PROCESS INDUSTRIES, SEPT. 1977)

....... LIST OF INPUT VARIABLES. .. . .. ... .. ..... .. . . . . i
SO = STARTING VALUE FOR PLUME PATH TRAJECTORY, M
H = INTEGRATION STEP SIZE, M

SMAX = TERMINATION VALUE OF PLUME PATH INTEGRATION., ™
INT = NUMBER OF INTEGRATIONS BETWEEN PRINT-0UTS
YR(1) = INITIAL VALUE OF CONCENTRATION, KG/M#«3
YR(2) = INITIAL VALUE OF PLUME CHARACTERISTIC RADIUS, M
YR(3) = INITIAL VALUE OF PLUME VELOCITY - WIND SPEED COMPONENT.M/§
YR(4) = INITIAL VALUE OF PLUME ANGLE WITH RESPECT TO MORIZON, RADIANS
YR(S) = INITIAL VALUE OF X, HORIZONTAL DISTANCE FROM VENT, M
YR(4) = INITIAL VALUE OF Y, VERTICAL HEIGHT ABOVE DECK. M

WMJ = MOLECULAR WEIGHT OF EMITTED QAS

PO = ATMDSPHERIC PRESSURE, MM HG

TO = ATMOSPHERIC TEMPERATURE, DEG RANKINE

UR = REFERENCE VELOCITY AT ZREF, M/S
ZREF = REFERENCE HEIGHT, M

CMF = MASBS FRACTION OF TRACER GAS IN EMITTED GAS

TLV = TURBULENCE LEVEL
ZCON = CONCENTRATION MEASURE HEIGHT, M

IC = NUMBER OF CONCENTRATION VALUES FOR CONTOUR LINES. MAX=6
C(I) = CONCENTRATION VALUES FOR CONTOURS
YRUF = SURFACE ROUGHNESS PARAMETER. CENTIMETERS

2N eEeNoNeNeNeNosNoRoRe e ReNeNeNoRoNoNo s Ro o NeRe o NN e NsNe R No N Na gl

INTEGER COUNT. RUNGE. HAMING

REAL APLACE(10), ADATE(3), ACLASS(5), AGAS(5), LEL, LELM
DIMENSION TE(&), YR(6),FR(&).Y(4,6),F(3,6), YRES(6),C(6), YC(6)
DIMENSION YRSAVE (6), CON(5S0, 5), CONB(50, 5), DIS(50), CONC (50. &)
COMMON/PHYS/DCDR, EPS, UPR1. ROA, ROE, €, ALF, TAU, U10
COMMON/CONS/ IDECK, AF 1, AF2, AF21, BTA, DLA, BT1, DBA, BM1, GAM
COMMON/CON2/ROT

COMMON/DAT1 /80, VD, VH, ZDECK, ZREF, UR
COMMON/DAT2/P0, TO, UVENT, CO, UTLV, WMG
COMMON/DAT3/PVAP, DISTAN, DISMAX, GL, ZCON
COMMON/DATA4/CC1, CC2, CC3, CC4, CCS, CCo
COMMON/DATS/UEL., LEL, STIL, TLV, ODOR
COMMON/DAT&/APLACE, ADATE, AGAS

Cwans SPECIFICATION OF DEFAULT VALUES FOR INPUT DATA ##8ssaistatisssrs
DATA S0, VD, VH. ZDECK, P0/0. 0, 0. 203, 1. 0, 1. 0, 760. /
DATA TO, ZREF, UR, UTLV, WMG/520. , 10. , 2. 24, 20. , 86. 10/
DATA QL. DISMAX, DISTAN, WMA, PVAP/15%. 0, 10.,1. 0, 28. 97, 90. /
DATA ZCON, IC/1. 6B, 6/
DATA CC1,CC2,CC3, CC4, CCS, CC6/1000. 0. 12, 134000, 26000, 20, 10/
DATA UEL.LEL, STIL.TLV,ODDR/13.4.2. 6,20..,10.,0. 12/

Couus OPEN QUTPUT FILE FOR PRINTING #4460 380360000 00 40 00 004040 3000 00 00 40 01 30 00 40 06 6 40 0E 00 08 00 6 R
OPEN(UNIT=3, NAME= 'RESONDEK. DAT ‘', STATUS='NEW’)
OPEN(UNIT=2, NAME= ‘SCRATCH. DAT ’, STATUS= ‘NEW ')

TYPE #, ‘wusnusnvrésr PROGRAM ONDEK ®##tsadiss

B-1
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TYPE #, ‘THIS PROGRAM COMPUTES THE TRAJECTDRY AND CONCENTRATION
TYPE #, ‘DISTRIBUTION OF BUOYANT PLUMES OF CHEMICAL VAPOR AND AIR’
TYPE #, ‘THAT ARE EMITTED INTO THE AIR ABOVE A SHIP DR BARGE DECK’

TYPE &, * '/
TYPE +, ‘PREPARE TO ENTER INPUT DATA REGUIRED BY THE PROGKAM
TYPE «, * '/
C . . ENTER TOAODAY 'S DATE. . . . e
TYPE #, ‘ ENTER TODAY#*S DATE (UP TO 12 CHARACTERS) *
TYPE %, '/ !
ACCEPT 600, (ADATE(J), J=1.,3)
TYPE *, ‘
1 CONTINUE
C
Cuwrs CALL SUBROUTINE INDAT TO ENTER DATA INTERACTIVELY #4384 s s te 804
CaLL INDAT
C
Caxse INITIALIZE VARIABLES AND ASSIGN VALUES TO CONSTANTS #4# #5548 5 0%yt b
G= 9 80660
X= O 0
DISTAa= O O
C . STEP SIZE SET EQUAL TO 1/5TH OF THE VENT DIAMETER. ... ..........
H= VD/5 0O )
EPS= 0. 0000000001 ]
c . .. MASS FRACTIDN DF ©AS CONSTITUENT SET EGUAL TO 3...... . ... .....
CMF=1 O
IDECK= 1
Ia= O
ALF = 0 14
GAM = 1 18597434
DLA = 0. 176877
BTA = 0.911784

YRUF = 1. 000
CALL START(WMA, YR, WMJ)
UPRI= 3 O0#UTLV*#UR/100
UA=UR
DCDR=WMJ/ (VIMJ-28. 96)
ROA=( (PO/760 (%14 7)#184 428. F6%16. 0522/ (1545, #T0)
ROE=ROA®WMI/28 96
ROVAP= ROA#UMG/28 96

c. . STORE VALUES OF CONTOUR CONCENTRATIONS FOR PRINT OUT. .
C(1)= CCI#ROVAPF /1000000
C(2)= CC2#ROVAP /1000000
C(3)= CC3#ROVAP/1000000.
C(4)= CCA4#ROVAP /1000000
C(S5)= CCS5#ROVAP /1000000
C(&)= CC6AROVAPR /1000000
UVELM= UEL#ROVAF/100.
LELM= LEL*ROVAPR/100.
STILM=8TIL#*ROVAP /1000000
TLVM= TLV #ROVAP/1000000
ODORM= ODOR#ROVAP /1000000
TRACON=YR (1) #CMF

IDECK = 1

CONH1=0

XCON=YR(5)
C
Cuewde INITIALIZE VARIABLES FOR PLOT FILES 46400000000 00000 00 004030 00006 5690 06 30 06 0 S0 6 40 ¢
C.. ... COMPUTE THE WIND SHEAR STRESS, TAUO.. . ... . ............. ... .....
C...... .. .. THE EQUATION USED MAY BE ACCURATE ONLY FOR NEUTRAL. .. .. ... .
c ... .. ATMOSPHERIC STABILITY CONDITIONS. . ... ... . ... . . . i i,

UiO=UR#( (10 +ZDECK)/ZREF)&**ALF
ZP= ALODG(1000. /YRUF)
TAU =0. 16%U10%U10/(ZP#ZP)
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' C. . ....COMPUTE THE CONSTANTS THAT ARE NEEDED TO INTEGRATE. ... . .......
- c..... THE EQUATIONS FOR TE RIELE'S PLUME MODEL .. . ... ..... .........
AF1=1. +ALF
AF2=2#ALF
AF21=1. +AF2
BTi=1. /BTA
DBA=DLA**RT1
BMi=1. -BT}
ROT=(1. ~RDA/RDE) /R0OA
TAUO=TAU*RDA
' : c ... SET GCON = SQRT(PII®AFDI/(QAMRI. ). . . . .. ... . ... i, -
C ... THIS VARIABLE IS USED IN THE INITIAL VALUE OF SIGMAZ... . ....
GCON=0. 8B62267255%AF21 /6AM
c ... PRINT THE HEADING AND THE INITIAL CONDITIONS. .................

WRITE(3,710) (APLACE(J),J=1,10), (ADATE(J), J=1, 3)
WRITE(3,711) PO, TO. UR, ZREF, ALF, UTLV

WRITE(3, 712) VD, VH. ZDECK, (AGAS(J}, J=1,5), WMJ, YR(1), GL, UVENT
WRITE(3,719) UELM, LELM. STILM, TLVM, ODORM

WRITE(3,713) (C(J),J=1, 1C), ZCON

WRITE(3, 714) H, DISMAX

WRITE(3,715)

. c ... INITIALIZE THE STEP COUNTER AND THE FIRST ROW OF THE Y MATRIX.
! c....... SET THE INITIAL TRUNCATION ERRORS TO ZERG. ... ..................
COUNT = 0
c DO 405 J=1,6
g TE(S) = 0.
: 405 Y(4, )= YR(J)
TYPE #, / COMPUTING PLUME TRAJECTORY AND DISPERSION
. C....... CALL RUNGE TO INTEGRATE ACROSS THE FIRST THREE STEPS. ..........
Covin RUNGE 1S USED AS A STARTER FOR MHAMING. ... ...................

410 IF (RUNGE(6, YR, FR, X, H).NE. 1) 60 TO 420
CALL RHS(YR, YRS)
DO 415 K=1,4
415 FR{K)=YRS(K)
FR(S)= COS(YR(4))
. FR(&)= SIN(YR(4))
i 6D TO 410
} C. ... PUT THE APPROPRIATE INITIAL VALUES IN THE Y AND F MATRICES. .. ..
) 420 COUNT = COUNT + |
ISUB = 4 ~ COUNT
T DO 425 J=1, 6
42% Y(ISUB, J) = YR(J)
CALL RHS(YR, YRS)
DO 430 K=1.,4
A30 F(ISUB, K)=YRS(K)

Ay . -

F(ISUB, 5)= COS(YR(4))
F(ISUB: 6)= SIN(YR(4))

IF X. GT. DISTA, PRINT VALUES OF THE PLUME VARIABLES #####sasssss

A35 CONTINUE
IF (COUNT.LE 73) @0 TO 450
IF (v(1,5). LE. DISTA) GO TO 450
TRACON = Y(1,1)%CMF
...... COMPUTE CONM1, CONCENTRATION AT BREATHING HEIGHT. 2CON ... . . ..
B2=Y(1,2)#Y(1,2)#1. 3%
CRi=Y (1, 6)-2CON
CZ1=CRi*CR1/B2
IF (CZ1.68T. 13.81) Q0 V0O 440
CR2=Y (1, 6)+2CON
CZ2=CR2#CR2/B2
XCON=Y (1, 5)
CONHi=Y (1, 1) #CMF*( EXP(-CZ21) + EXP(~CIQ)})

Q0 TO 440
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440 XCON = Y(1.,%H)

CONH1=0.

4A% CONTINUE
c . . COMPUTE PLUME CENTERLINE CONCENTRATION WITH THE EFFECT OF AN .
C . IMAGE PLANE AT GROUND LEVEL. . . .. .. ... .. ... .

CZ3= 4. #Y(1,6)%Y(1,6)/B2
IF (CZ3.GT. 13.81) @D TO 446
YCL= Y(1, 1)#(1 +EXP(=-CZ3))
G0 TU 447
446 YCL= Y(1.1)
447 CONTINUE
CALL CONT(C,YC,Y,1,1€,0.,0.,0.,0.,ZCON)
IF (COUNT. 6T. 3) WRITE(3,716) X,Y(1,5),Y(1,6),Y(1,1), CONH}, XCON,
1(YC(I), I=1,6),Y(1,2),¥(1,3),Y(1,4)
IA= JA+1
DIS{1A)= Y(1, %)
c ... ASSIGN VALUES TO CONC ARRAY. ... . .. S e
DO 448 II=1.6
CONC(IA, I1) = YC(I])
448 CONTINUE
CON(IA, 5)= YCL - *
IF (CONH1.LT.CM) CONH1=CRH
CONB{ IA, 5)=CONHI1
CONCIA, @)= UELM
CONB(IA, 2)=UELHM
CONCIA, 3)= LELM
CONR (1A, 3)=LELM
CON(IA, 4)= STILM
CONB(1A, 4)=STILM
CONCIA, 1= TLUM
CONB( 1A, 1)=TLVM
DISTA= DISTA + DISTAN

C. .. . IF X EXCEEDS DISMAX, TERMINATE THE INTEGRATION................
A50 IF (X GT DISMAX+H/2.) GO TO 560
c ... CALL RUNGE OR HAMING TO INTEGRATE ACROSS THE NEXT STEP. .. ... . ...
IF (CGUNT. LT 3) 60 TO 410
c ... CALL HAMING. .. .. .. ... .. e e e

4%5 M = HAMING(&, Y. F, X, H. TE)
DO 4460 K=1,4

460 YR(K)I=Y (], K)
CALL RHS(YR, YRS)
DO 46% K=}, 4

445 F (1, K)=YRS(K)
Fi{l1l,5)= COS(Y(1,4))
F(l,6)= SIN(Y(1,4))
IF (M. EG 1) GO TO 455

C. .. INCREMENT STEP COUNTER AND CONTINUE INTEGRATION. .. ... .........

COUNT = COUNT + 1
IF (Y(1,6). LT.0.) €0 TO 500
60 TO 435

500 CONTINUE

C
Ca##x TRANSITION TO TE RIELE’S METHOD 335893 955 330 3 003030 0 304h 30 30 30 3000 06 30 00 36 30 3030 30 4030 4t
IDECK = O
(o ... FOR INITIAL CONDITIONS: SET . . e e
C . CU¥(1,1)=24#Y(1,1). . CA=2#C ON THE PLUME CENTERLINE.......... ..
cC.. ... CY(1.2)=1. 1618B95#Y(1,2). .. SIGCMAY=LAMDA#PLUME WIDTH. . ... ... ..
c. ... . Y(1,3)=YR(2)#GCON. . SIGMAZ=SIGMAY#GCON. . ......... . ........
YR(L1) = 2%#Y(1, 1)
YR(2) =1 161895#Y(1,2)
YR(3) =YKR{2)#»GCON
WRITE(3.,717)
COUNT = 0
B-4
BEPE— -




WA L

DO 505 u=3,J
TE(J) = O,
500 Y(4,J) = YR(D)
C . . CALL RUNGE TO INTEQRATE ACRDSE THE FIRBT THREE STEPS. ..........
°10 IF (RUNGE(DI, YR.FR, X, H) .NE. 1) Q0O TO 520
CALL RHS(YR, YRS)
DO 519 K=1,73
51% FR(K)=YRS(K)
60 TO 510
cC ... PUT THE APPROPRIATE INJTIAL VALUES IN THE Y AND F MATRICES. .. .. .
520 COUNT = COUNT + | -t
I1SUB = 4 - COUNT
DO 525 U=}, 3
9% Y(ISUB,J) = YR(J)
CALL RHS(YR, YRS}
DO 530 K=}, ]
S0 FOISUR. K)=YRS(K)
c ... PRINT SOLUTIONS WHEN X EXCEEDS DIBTA. ... .......................
G35 IF (X. LE. DISTA) €0 T0O 540
IF (COUNT.LE. 3) G0 TO 540
CALL CONT (C. YC.,Y,0,1C. 2. » ALFR21, ¥Y(1, 2), Y“o 3), 2C0ON) p
IF (COUNT. GT.3) WRITE(3, 718) X, (Y(1,4J), J=m1, 3), (YC(K), K=1, &) H

c..... .. IF X EXCEEDS DISMAX, TERMINATE THE INTEGRATION................
540 IF (X. GT. DISMAX+H/D. ) G0 TU 540
C....... CALL RUNGE OR HAMING TO INTEGRATE ACRDS8 THE NEXT STEP......... ;
IF ( COUNT.LT.3) @0 TO 510 o
C....... CALL HAMING. . . i e e o

B545 M= HAMING(3,Y,F., X.H. TE)
DO 550 k=1, 3
350 YR(K)=Y(1,K)
CALL RHS(YR, YRS)
DO 5%5% K={,3
555 F(1,K)=YRS(K)
IF (M.EQ. 1) G0 TD 545

C....... INCREMENT STEP COUNTER AND CONTINUE INTEGRATION...... .........
COUNT = COUNT + 1
@0 TO 335
560 CONTINUE
c....... WRITE TO SCRAYCH FILE. ......................

WRITE(Z2, 200) 1A
P00 FORMAT(IS)
DO 5031 Ju=i, 1A
WRITE(2, 910)DIS(JD)
210 FORMAT(EL1D2. 3)
501 CONTINUE
DO 503 KKsry, 5
DO S0z Ju=i, IA
WRITE (2. 920)CON(JJ: KK), CONB (JJ, KK), CONC (JJ,s KK)
920 FORMAT(3E12. 3)
502 CONTINUE
503 CONTINUE
DO 504 Ju=i, JA
WRITE(Q, 910)CONC(JJ, 6)

S04 CONTINUE
C

Covnn FORMATS FOR INPUT STATEMENTS #8800 8085 000000000200 0000000 0000000 505 408
600 FORMAT (3A4)
c
Conrn FORMATS FOR OUTPUT STATEMENTS #00attlestetttasatstt ittt ttstsapgisnes
710 FORMAT(1H1, 9H TITLE= , 10A4,B8H DATEx , 5A4,//)
711 FORMAT (30HO METEOROLOGICAL CONDITIONS//7X, 224D BPAROMETRIC PRESS
SURE=, F7. 3, 294 MM HG AIR TEMPERATURE=,F35. 1. 6H DEGC R/7X, 32H0 AVER
DAGCE WIND SPEED=,Fé6. 2, 26H M/S AT REFERENCE HEIONT=,F7. 2, 2H M/
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o 7X, 22H0 WIND EXPONENT=,F5. 2/
4 7X, 22H0 TURBULENCE LEVEL=,F¢&. 27/)
712 FORMAT (28H VAPOR VENTING CONDITIONS//

17X, 282H0 VENT DIAMETER=.F&. 2, 7H METERS .,/
2 77X, 2280 VENT HEIGHT=,F6. 2, 23H METERS ABOVE THE DECK .,/
3 7X, 22H0 DECK HElGHT=, Fé. 2, 244 METERS ABOVE THE WATER ., //
a 7X, 22H0 EMITTED VAPOR=, 2X, 5A4, /
L 7X, 22H0 MOLECULAR WEIGHT=, F6. 2, 244 OF GAS AND AIR MIXTURE ./
6 7X,22H0 VENT CONCENTRATION=,E10. 3, 10H K&/ (Mxx3) , //
7 7X, 22H0O VENTING FLOWRATE=,F6. 0, 10 (M#23) /HR, /
s 7X, 22H0 VENTING VELOCITY=,F6 2, 6H M/SEC 17D
713 FORMAT (&1H VALUES OF CONCENTRATION CHOSEN FOR CONCENTRATION CON
1TOURS//,
¢ 77X, 1040 Cl =,E10. 3, 10H (KG/M##3) ,/
27X, 10H0 Ce =,Ek10 3, 10H (KE&/M®x3) ,/
n TX. LOHD C2 =.E10 3.10H (RG/M&x3) ,/
LOTXL 10H0 Ca =,E10 3, 10H (KG/MEx) , /
6 TX.10HD CH =,E10. 3, 10H (KG/M#%3) .,/
7 7X, 10RO Cé =, E10. 3, 10H (KG/M*x3) ,/
& 7X, 29H0 PREDICTED FOR A HEIGHT OF., F&.3 .24H METERS ABOVE DECK
PLEVEL /) .
714 FORMAT (30H NUMERICAL INTEGRATION DATA//7X, 14HO STEP S1ZE=,F7.
14, 38H METERS, MAXIMUM DOWNWIND DISTANCE=,F7.2,7H METERS/)

715 FORMAT (1HL1, S6H BEGIN PLUME COMPUTATION THROUGH THE AIR ABOVE THE
1DECK/1HO, 4M S, 7%, 3HXCL., &X, 3HZCL., 7X, 3HCCL, 8X, SHCZCON, 6X, 4HXCON, 3X
2, 60HYC Y YC2 YC3 YCa YCS YCo6 B U+ THETA/1
3K , 120H METERS METERS METERS KG/M»e%3 KG/Meel METERS
4METERS METERS METERS METERS METERS METERS METERS M/S RADJIAN/)

716 FORMAT(/F7.2,2(2X,F7.3), 2(2X, E10 4).1X,F7.3,7(1X,F6.3),2(1X,F6.3))

717 FORMAT(//43H CONTINUE PLUME COMPUTATION ALONG THE DECK//98H X(MET

1ERS} CA(KG/M3) SIGMAY (M) SIGMAZ (M) YI1L(M) Y2(M) Y3(M) Y
c4(M) Yo () Yo(M) )

7168 FORMAT(F7. 2,3X,F9 6, 1X,F7 3, 7(3X,F7.3))

719 FORMAT (63H VALUES DF CONCENTRATIDN FOR FLAMMABILITY AND HEALTH
1HAZARDS ., // .
¢ 7X, 35H0 UPPER FLAMMABLE LIMIT (UEL) =,E10. 3, 10H KG/ (Mx%x3) , /
J 7X, 35H0 LOWER FLAMMABLE LIMIT (LEL) =,E10 3,104 K&/ (Mex3) ,/
47X, 37HO SHORT TERM INHALATION LIMIT (STIL)=,E10. 3, 10H KG/(M#&3) , /
L 77X, 35HO THRESHOLD LIMIT VALUE (TLV) =,E10. 3, 10H KG/(M#x3) .,/
6 7Y, 3540 ODOR THRESHOLD (ODOR) =,E10. 3, 10H KRG/ (M¥«3) //)

720 FORMAT(7H AT X= .Fé. 3, 16H METERS, AND Y= ,Fé6. 3, 374 METERS, THE PR
1EDICTED CONCENTRATION=,E12 6, 9H KG/M%%3 )

784 FORMAT (/)
735 FORMAT(&6H GRAPH OF PLUME CENTERLINE CONCENTRATION VERSUS DOWNWIND

1 DISTANCE )

726 FORMAT (S5H O ORDINATE 1S PROPORTIONAL TO LOG(CONCENTRATION) ,
| I S5H G ABSCISSA 1S PROPORTIONAL TO DISTANCE ’
c /7 SSH TABLE OF CORRESPONDING VALUES .
3/ S5H VALUE Y (METERS) Y{KG/M*x3) Y(PPM)

730 FORMAT(4X.,F4 1, 310X,.Fs6 1,7X,ELIC. 3,4X%,F9.0)
731 FORMAT(75H GRAPH OF VAPOR CONCENTRATION AT MAN BREATHING HEISHT VS

1 DOWNWIND DISTANCE )
732 FORMAT(77H GRAPH OF VAPOR CONCENTRATION CONTOURS AT MAN BREATHING

1 HEIGHT ARODVE THE DECK )
733 FORMAT(71H O ORDINATE IS5 PROPORTIONAL TO DISTANCE IN THE CROSS-

JIWIND DIRECTION .-/

2 71H O ABSCISSA IS PROPORTIONAL TO DISTANCE IN THE DOWNST
3REAM DIRECTION , 7/

” 71H TABLE OF CORRESPONDING VALUES CONCENTRA
STION CONTOURS . / ’

& 7&H VAL UE X (METERS) Y(METERS) SYMBOL ¢

7PPM) (KE/M+-#3) )
74a FORMAT(4X,F4. 1, 10X, F6. 1, 8X,.Fb6 1.8X,A4,F10. 2,E10. 3)

B-6
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1000

TYPE «, ' DD YDU WANT TO RUN ANDTHER CASE (Y/N)7
READ (5, 850)1D0

FORMAT (AQ)

IF (IDO. NE. }HN. AND. IDO. NE. 1HY)G0 TOD B4}

IF(IDD EG. 1HN)GO TO 1000
.. PREPARE TO RUN ANOTHER CASE. . .. ... ......... .. . ... i ..
TYPE &, *

TYPE +, ‘' PREPARE TO ENTER INPUT DATA REQUIRED BY THE PROGRAM ’
TYPE %, * ¢

0 YO 1

CONTINVE

END

INTEGER FUNCTION HAMING( N,Y.F, X, H, TE)

Cx#e:FUNCTION HAMING IS TAKEN FROM @APPLIED NUMERICAL METHODSE BY

o
c
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Ik CARNAHAN, H.A. LUTHER, AND J. 0. WILKES, PUBLISHED BY J. WILEY
AND SONS, INC. 1959, PAGES 401 TO 402.

HAMING INPLEMENTS HAMMING®S PREDICTOR-CORRECTOR ALGORITHM TO
SOLVE N SIMULTANEOUS FIRST-ORDER ORDINARY DIFFERENTIAL
EGUATIONS. X 1S THE INDEPENDENT VARIABLE AND H 1S THE
INTEGRATION STEPSIZE. THE ROUTINE MUST BE CALLED TWICE FOR
INTEGRATION ACROSS EACH STEP. ON THE FIRST CALL. IT IS ASSUMED
THAT THE SOLUTION VALUES AND DERIVATIVE VALUES FOR THE N
EQUATIONS ARE STORED IN THE FIRST N COLUMNS OF THE FIRST

FOUR ROWS OF THE Y MATRIX AND THE FIRST THREE ROWS OF THE F
MATRIX RESPECTIVELY. THE ROUVINE COMPUTES THE N PREDICTYED
SOLUTIONS YPRED(J), INCREMENTS X BY H AND PUSHES ALL

VALUES IN THE Y AND F MATRICES DOWN ONE ROW. THE PREDICTED
SOLUTIONS YPRED(J) ARE MODIFIED, USING THE TRUNCATION ERROR
ESTIMATES TE(J) FROM THE PREVIOUS STEP. AND SAVED IN THE FIRST
ROW OF THE Y MATRIX. HAMING RETURNS TO THE CALLING PROGRAM WITH
THE VALUE 1 TO INDICATE THAT ALL DERIVATIVES SHOULD BE COMPUTED
AND STORED IN THE FIRST ROW OF THE F ARRAY BEFORE THE SECOND
CALL 1S MADE ON HAMING. ON THE SECOND ENTRY TO THE FUNCTION
(DETERMINED BY THE LOGICAL VARIABLE PRED). HAMING USES THE
HAMMING CORRECTOR TO COMPUTE NEW SOLUTION ESTIMATEB. ESTIMATES
THE TRUNCATION ERRORS TE(J) FOR THE CURRENT STEP, IMPROVES

THE CORRECTED SOLUTIONS USING THE NEW TRUNCATION ERROR
ESTIMATES. SAVES THE IMPRDVED SOLUTIONS IN THE FIRST ROW OF THE
¥ MATRIX, AND RETURNS TO THE CALLING PROGRAM WITH A VALUE 2 71O
INDICATE COMPLETION OF ONE FULL INTEGRATION STEP.

LOGICAL PRED

DIMENSION YPRED(20)}, TE(N), Y(4,N), F(3,N)

DATA PNED s/ . TRUE. /

.. .. IS CALL FOR PREDICTOR OR CORRECTOR SECTION .....
IF (. NOT. PRED) GO TO 4

..... PREDICTOR SECTION OF HAMING .. ...

..... COMPUTE PREDICTED Y(J) VALUES AT NEXT POINT ... ..

DO 1 u=i,N

YPRED(J) = Y(4,J) + 4. #H#(2. #F(1,J) ~ F(2,J) + 2 #F(3,J))/3.

..... UPDATE THE Y AND F TABLES ....
DO 2 v=i,N

DO 2 K5~1,3

K= 0 ~ Kb

YR, J} = Y(K=1,.))

IF (K.LT.4) F(K,J) = F(K=-1,J)

MODIFY PREDICTED Y(J) VALUES USING THE TRUNCATION ERROR
o ESTIMATES FROM THE PREVIDUS STEP INCREMENT X VALUE
DO 3 J=31,N




3 Y1, 0 = YPRED(U) + 112 «TF(J) /9

X = X + H
C
C . SET PRED ANDL REGUEST UPUATED DERIVATIVE VALUES
PRED = . FALSE
HAMING = )
RETURN
C
C CORRECTOR SECTION OF HAMING )
C COMPUTE CORRECTED AND IMPROVED VALUES OF THE Y(J) AND SAVE
C .. TRUNCATION ERROR ESTIMATES FOR THE CURRENT STEP
4 DO 5 J=1.N
Y(1.JY = (9 #Y(2, J)=Y(4,J) + 3 #H®(F (1, J)+2 #F (2, J)~-F(3.J)))/B
TE(Y) = 9 #£(Y(1.,) - YPRED(JUN)/121
SO Y) =YL U - TELD
¢ .
c SET PRED AND RETURN WITH SOLUTIONS FOR CURRENT STEP
PRED = . TRUE
HAMING = o
RETURN
END

C
INTEGER FUNCTION RUNGE(N.Y,F. X, H)
Cr#2FUNCTION RUNGE IS TAKEN FROM GAPPLIED NUMERICAL METHODSE BY
C##s# B  CARNAHAN, H A. LUTHER, AND J 0. WILKES, PUBLISHED BY J. WILEY
Cu#4e AND SONS, INC. 969 PAGES 374 TO 375

THE FUNCTION RUNGE EMPLOYS THE FOURTH~ORDER RUNGE-KUTTA METHOD
WITH KUTTA®S COEFFICIENTS TO INTEGRATE A SYSTEM OF N SIMULTAN-
EQUS FIRST ORDER ORDINARY DIFFERENTIAL EQUATIONS F(J)=DY{(J)/DX,
(Ui, 2, . N}, ACROSS ONE STEP OF LENGTH H IN THE INDEPENDENT
VARIABLE X. SUBJECT TO INITIAL CONDITIONS Y(J), (J=1,2,. ..,N).
EACH F(J), THE DERIVATIVE OF Y(J), MUST BE COMPUTED FOUR TIMES
PER INTEGRATION STEP BY THE CALLING PROGRAM. THE FUNCTION MUST
BE CALLED FIVE TIMES PER STEP (PASS(1). . PASS(5)) SO THAT THE
INDEPENDENT VARIABLE VALUE (X) AND THE SOLUTION VALUES
(Y(1). . . Y(N)) CAN BE UPDATED USING THE RUNGE-KUTTA ALGORITHM.

M 1S THE PASS COUNTER. RUNGE RETURNS AS ITS VALUE ! TO

SIGNAL THAT ALL DERIVATIVES (THE F(.)) BE EVALUATED OR O TO
SICNAL THAT THE INTEGRATION PROCESS FOR THE CURRENT STEP 1S
FINISHED SAVEY(J) 1S USED TO SAVE THE INITIAL VALUE DOF YU
AND PHI(J) IS THE INCREMENT FUNCTION FOR THE J(TH) EQUATION.

AS WRITTEN, N MAY BE NO LARGER THAN 50

OO0 N D

DIMENSION PHI(S0), SAVEY(50), Y(N}, F(N)
DATA M/Q/

M= M+
G0 TO (1,2,3,4.5), M

¢ . PASS 1
1 RUNGE = ¢
RETURN

c . PASS 2

« DO 22 J=i,N
SAVEY(JY = Y(J)
PHICJY = F(UI)

22 Y(J) = SAVEY(J) 4+ 0 5&HeF ()
X = X + 0 S#H
RUNGE = |
RETURN

B-8
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“ 3 PO 33 J= 1N
FPHIG) = PHI(J) + & 04l
330 VOJ) = SAVEY(J) 4+ 0 SHHsEk (D
RUNRE = |
RETURN
{
C ... PASS 4 .
4 DO 44 JU= 1, N
PHI(J) = PHI(J) + 2 0¢F(J)
42 Y{J) = SAVEY(J) + HeF(J)

, X = X + 0 5%H
9 RUNSE = 1
' RETURN

(]

FaSLZ 5 .
DT 0SS U = LN
50 Y(J) = SAVEY(J)
M= 0

RUNGE = O
RETURN

ENC

(Ad

+

(PHI(J) + FiU))I#H/&. O

PREUSESUS—.

<
REAL FUNCTION SIMUL (N, A, X, EPS, INDIC, NRC)
Cx#xFUNCTION SIMUL IS TAKEN FROM @APPLIED NUMERICAL METHODSE BY
Ctsr B CARNAHAN, H A. LUTHER, AND J. 0. WILKES: PUBLISHED BY J. WILEY
Ce+s: AND SONS., INC. 1969 PAGES 290 TO 291.

WHEN INDIC IS NEGATIVE, SIMUL COMPUTES THE INVERSE OF THE N BY
N MATRIX A IN PLACE. WHEN INDIC IS ZERO, SIMUL COMPUTES THE

N SOLUTIONS X(1)...  X(N) CORRESPONDING TO THE SET OF LINEAR
EQUATIONS WITH AUGMENTED MATRIX OF COEFFICIENTS IN THE N BY

N+1 ARRAY A AND IN ADDITION COMPUTES THE INVERSE OF THE
COEFFICIENT MATRIX IN PLACE AS ABOVE. IF INDIC IS POSITIVE,
THE SET OF LINEAR EGQUATIONS IS SOLVED BUT THE INVERSE IS NOT
COMPUTED IN PLACE. THE GAUSS-JORDAN COMPLETE ELIMINATION METHOD
1S EMPLOYED WITH THE MAXIMUM PIVOT STRATECY. ROW AND COLUMN
SUBSCRIPTS OF SUCCESSIVE FIVOT ELEMENTS ARE SAVED IN ORDER IN
THE IROW AND JCOL ARRAYS RESPECTIVELY. K IS THE PIVOT COUNTER. 1
PIVOT THE ALCEBRAIC VALUE OF THE PIVOT ELEMENT. MAX

THE NUMBER OF COLUMNS IN A AND DETER THE DETERMINANT OF THE
COEFFICIENT MATRIX. THE SOLUTIONS ARE COMPUTED IN THE (N+1) TH
COLUMN OF A AND THEN UNSCRAMBLED AND PUT IN PROPER ORDER IN
YX(31). . X(N) USING THE PIVOT SUBSCRIPT INFORMATION AVAILABLE

IN THE IRDW AND JUCDL ARRAYS. THE SIGN DF THE DETERMINANT IS
ADJUSTED, IF NECESSARY, BY DETERMINING IF AN ODD OR EVEN NUMBER
OF PAIRWISE INTERCHANGES IS REQUIRED TO PUT THE ELEMENTS OF THE
JORD ARRAY IN ASCENDING SEGUENCE WHERE JORD(IROW(I)) = JCOL(I)
IF THE INVERSE 15 REGUIRED., IT IS UNSCRAMBLED IN PLACE USING
Y(1). .. Y(N) AS TEMPORARY STORAGE. THE VALUE OF THE DETERMINANT
1S RETURNED AS THE VALUE OF THE FUNCTIDN. SHOULD THE POTENTIAL
PIVOT OF LARGEST MAGNITUDE BE SMALLER IN MAGNITUDE THAN EPS.
THE MATRIX IS CONSIDERED TO BE SINGULAR AND A TRUE ZERD 1S
RETURNED AS THE VALUE OF THE FUNCTION.

LYY R

sBsNoNesNeNoReNoNs e R NoNos RN NN NN oN o NoNsRoNeN e NaNaKal

i DIMENSION IROW(1%), JCOL(15), JORD(15),Y(15), ACNRC, NRC), X (N)
c
| MAX=N
‘ IF (INDIC GE. O) MAX=N+1
c . BEGIN ELIMINATION PROCEDURE. .
\ DETER=1
DO 18 K=i,N
KM1=K-)
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.. SEARCH FOR THE PIVOT FLEMENT
PIVOT:=0
DO 11 1=1,N
DO 11 Je:=1,N
SCAN IROW AND JCOL ARRAYS FDR INVAL ID PIVOT SUBSCRIPTS

IF (K. EQG 1) GO TO @
DO 8 ISCAN=1.,KM]

DO B JSCAN=1, KM1

IF (I.EQ IROW(ISCAN)) GO 7O 11

IF (U EQ JCOL(JSCAN)) 60 TO 11
CONTINUE

IF ¢ ABS(A(I,JU)). LE. ABS(PIVOT)) 60 TO 11
PIVOT=ACI,J)

IROU I =1
JEOL (Y =J
CONTINUE

INSURE THAT SELECTED PIVOT IS LARGER THAN EPS. .
IF « ABS(PIVOT). GT EPS) €0 TD 13
WRITE (3, 202)
SIMUL=U.
RETURN
UPDATE THE DETERMINANT VALUE
IROWK=1ROW (K}
JCOLWK=JCUL (K
DETER=DETER+P IVOT
NORMAL1ZE PIVOT ROW ELEMENTS. -
DO 14 J=1, MAX
ACTIROWK, J)=ALIROWK, J)/PIVOT
CARRY OUT ELIMINATION AND DEVELOP INVERSE. .
ACIROWK, JCOLK)=1. /PIVOT
DO 1& I=1.N
ATJCK=A(T, JCOLK)
IF (1 EQ JROWK) ¢eC TO 18
AL UCOLK) = --ALJCK/PIVQOT
DO 17 J=I1.MaAX
IF (J NE. JCOLK) ACL, JI)=ACI, J)-~ATUCK=A(TROWK, J)
CONT INUVE
ORDEP SOLUTION VALUES (IF ANY) AND CREATE JORD ARRAY. .
DO 20 I=1.N
IRCWI=IROW(]1)
JCOL I=:uCaL (1)
JORD(JTROW1)=JCOL1
iF (INDIC GE 0O) X(JCOLII=ACIROWI, MAX)
ADJUST SIGN GF DETERMINANT. .
INTCH=0
NMi=N-1i
DO 22 1=1], NM1
IP1=1+]
DO 22 u=IFRL, N
IF (JORD(V). GE JORD(I)) GQ 7O 22
JTEMP=JORD(J)
JORD(J)=JORD(T)
JORD(1)=JTEMP
INTCH=INTCH+!
CONTINUE
IF (INTCH/2#2 NE. INTCH) DETER=-DETER
. IF INDIC IS POSITIVE RETURN WITH RESULTS. .
IF (INDIC LE O) €D TO 246
SIMUL=DETER
RETURN
IF INDIC 1S NEGATIVE OR ZERO, UNSCRAMBLE THE INVERSE
FIRST BY RQWE
DC 28 Ju=1. M
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DO 27 I=1.N
IROWI=IROW(I1)
~COLI=uCOL (1)
Y(JCOLI)=A(IROWL, J)
DO 28 I=),N
A(l, J)=Y())

THEN BY COLUMNS. .
DO 30 I=4,N
DO 29 vu=1,N
IROWU=IROW(J)
JCOLJ=JCOL (J)
Y(IROWJ)=A(I, JCOLV)
DO 30 J=1.N

ACT, =YD

.. RETURN FOR INDIC NEGATIVE OR ZERO
SIMUL=DETER
RETURN
FORMAT (37HOSMALL FIVOT - MATRIX MAY BE SINGULAR)
END

SUBROUTINE RHS(Y, ()

DIMENSION Y(&),A(5,5),B(2,4),C(4),D(X)
COMMON/PHYS/DCDR, EPS. UPR1, ROA, ROE, &. ALF, TAU, U10
COMMON/CONS/ IDECK, AF§. AF2, AF21, BTA, Di.A, BT1, DBA, BM1, GAM
COMMON/DAT1 /S0, VD, VH, ZDECK, ZREF. UR
TEST IDECK

IDECK=1, PLUME CENTERL INE ABOVE DECK.. USE OOMSE& EQUATIONS
IDECK=0, PLUME IS ON THE DECK .. USE TE RIELE®S EQUATIONS

IF (IDECK.EQ. O0) €0 TO 100

OOMS EQUATIONS FDR GAUSSiAN PROFILES AND VARIABLE DENSITY
ST= SIN(Y(4))

ST2=8T«ST

CT= COS(Y(4))

CTa=CT+CT

UA=UR¥ ((Y(6)+ZDECK) /ZREF ) %+ALF

VA2=UA+UA

VACT=UA®CT

UVAST=UA ST

Yi2=Y (1) &Y (D)

Y33=Y(3)*Y(3)

ROC=Y(1)/DCDR

ROCA=R0OC/ROA

AC1=0. 772699%UACT+0. 412442+#Y(3)

AC2=(1. 043144#UACT + 0. 55679%Y(3))/R0OA

AC3=(1. 043144%UACT#UACT + 1. 113393rUACT#Y(3) + 0. 363346%Y33)/R0OA
AMI=2 #UACT#UACT + 1. 729329#UACT#Y(3) + 0. 490842+Y33
AM2=2Y{(2)# (1. 729329+UACT+0. 981684+Y (3)+ROCA# (1. 113593%UACT
1 +0 726672#Y(3)))

CONSERVATION OF SPECIES

AL, =Y (2)xACL

AlL, 2)=2. #Y(1)#AC]

A(1,3)=0. 412442%Y12

All, 4)==0 772699%Y12%UAS"

AL, 5)=0

CONSERVATION DF MASS

Al2, 1)=Y(2)*AC2/DCDR

AR, 2)=2 (2 *UACT + 0. Bbass5%Y(3) + ROCH*AC2)

A2, 3)=Y ()% (0 BbBLLEY + 0. 556796#ROCA)
A(2,8)=Y(2)#UABT*(-2. -1. 043144+R0OCA)

A(2, 5)=2. %(0. 057+ ABS(Y(3)) + 0. 5#UACT# ABS(ST) + UPRI)
CONSERVATION OF X-MOMENTUM
A3, 1))=Y (2)#AC3*CT/DCDR
A(3, D=2 #(AMI + AC3#ROC)=CT
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A(3. Dr=CTHAMR2
A3, A=Y (2)%ST+ (-6 #*UACTHUACT-3. 45B658RUACT#Y (3)~0. 490B42#Y33
1 -ROCA#(3. 129432#UACT#UACT+2. 227 1B6#UACT#Y (3)+0. 363346#Y33))
A3, 5)=VUA#A(Z, 5)+0. 3+UAZ2* ABS(ST#ST#ST)
Cees  CONSERVATION OF Y—MOMENTUM
At4, 1)=Y(2)%ST*AC3/DCDR
A(4, 2)=2. #ST*#(AM1 + AC3#ROC)
A(4, 3)=STHAM2
A4, )=Y(2)* (2 #UA2¥CT# (1. -3 #ST2)+1. 729329#UA#»Y(3)#(CT2-8ST2)

1 +0. 490842#Y334CT + ROCA®(1. 0431448UA2#CT#(). -3, #5T2)
2 +1. 113593%Y(3) #*UA#(CT2-ST2) + 0. 363346#Y334CT))
IF (ST.LT 0.) GO TO 40
S16= -1
G0 TO 4%
40 SIG=1

4% CONTINUL
ACd-0)=-1 OA21446ROCAEY (D) #6 + SIE#0. 3#UAST#UASTACT

Cedet SIMUL USED FOR MATRIX INVERSION
DETER=SIMUL (4, A, C, EPS, 1. %)
RETURN

1GG CONT INUE

Cre+r  TE RIELERS EQUATIONS FOR PLUME DEVELOPMENT ALONG THE DECK
Vig2=Y{1)EY ()
YI2=Y (1 )#Y(23)
Y23=Y{(2)+#Y(Q)

Ce++x MASS CONSERVATION EGUATION, YL=INFINITY
Bl 1¥'=Y2QZR
B(l,2)y=Y12
Ri1l, 3)=AF1HY12
B¢t 4)=0

Crer MASS CONSERVATION EQUATIDN, YL=Y(2)# 7071
B(2, 1)=0 605009%Y23
Bi(2, 2)=C 176127%Y13
B{2,3)=0. 605009+Y1i2%AF1}
B(2, 4)=-0 4288819+DBA*BTA+Y13#(Y(2)##BM1)

Crrd v MOMENTUM CONSERVATION EQUAT ION
CALL CBUMCY (1), CSUML)
CL=(UI0O®UIO/AF21)%{ (D O1+Y(3))#*=AFD)
CR=Y10*TAUECSUM]
B(3. 1=CL+V2D
P(3. 2)=CL+YI3
B(3 3=CL+#Y12*AF 2]
B(32.4)=CR

CH i SIMUL USED FOR MATRIX INVERSION
DETER=SIMUL (3.L. D, EPS, 1, 4)
DO 110 I=1.3

130 CicI)=Dt

RETURN
END

SUBROUTINE CSUM(CA, SUMI)
Ce#r  THIS SUBRDUTINE COMPUTES THE SUM OF A SERIES THAT ARISES IN
e TE RIELE®S CONSERVATION OF MOMENTUM EQUATION.
: COMMON/CONZ2/ROT

SUM= §

I=1

A=ROT+#CA

X0=-1 +A

X1=]

1 CONTINUE

X1=X1+:X0

i=l+}

ANUM=1 /SGRT(1 11
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X=X 1 %ANUM |
. SUMI=GUM+ )
IF (ABS(X) LT 0 000001) €O TO 3
SUM=SUMI
¥ i IF (1.€T7.%0) 60 TO 2
§ GO 710 1
- 2 WRITE(3, 10)
3 RETURN
0 FORMAT(37H NUMBER OF TERMS IN CSUM EXCEEDED 50)
END

SUBRDUTINE CONT(CC, YC. Y, IDECK. INUM, PR, PS, 8IGY, S16GZ, ZCON)
DIMENSION CC(9), YC(9),Y(4,4)
Coer THIS SUBROUTINE COMPUTES THE CROSS-WIND LOCATIONS OF CONTOURS
Cuuidt OF CONSTANT CONCENTRATI DN 34633696 3690 4090 5 56 3636 2000 3030 36 36 46 36 56 48 3 36 96 38 36 36 3 36 0 36 3¢ 36 &

% ... ... VALUES OF CONCENTRATION MUST BE SPFCIFIED WHEN SURROUTINE. ..
k- C . ..... INDAT IS5 CALLED. IF NO CONTOURS ARE REQUIRED, THEN CONTROL.
¥ c ... IS RETURNED 1O THE CALLING PROGRAM. . .. .......................

f IF (INUM LE. O) GO TO 950
| DO 9 1=1, INUM
! % vyC(I)=0. -

C
C FIRST TEST TO DECIDE WHETHER OOMS OR TE RIELES MODEL WILL BE USED
o!

f IF (IDECK.EG 0) @0 TO 100
i OOMSe MODEL FOR CONCENTRATION PROFILE
ZS = Y(1,6) - ZCON
s 750 = 7S«Z5
! YLM2 = 1 35%Y(1, 2)%Y(1,2)
i Z5A = ZSQ/YLM2
IF (2SA.GT.13.81) GO TO 95
Z1 = Y(1,4) + ICON
Z16 = 21#2]
ZIA = ZI1Q/YLM2
DK = EXP(~2SA) + EXP(-71A)
DO 90 1=1, INUM
) C### TEST WHETHER CC(I) IS GREATER THAN MAX CONCENTRATION AT MAN HEIGHT
! CRAT = CC(1)/(Y(1,1)#DK)
IF (CRAT.GE. 1.0) GO TO 90
C###x COMPUTE Y-LOCATION OF CONTOUR
YCSQ@ = - .YLMZ % ALOG(CRAT) 1
YC(I) = SART(YCSQ) '
90 CONTINUE
9% RETURN
100 CONTINUE
C#+: TE RIELE®S MODEL FOR CONCENTRATION PROFILE
Rv=]. /PR
ZPW=(ZCON/S1GZ) ##PS
IF (ZPW.GT. 13.81) GO TO 950
DO 900 I=), INUM
C#s# TEST WHETHER CC(I) IS GREATER THAN CONCENTRATION AT MAN HEIGHT
CRAT = CC(I)/(Y(1, 1)#EXP(-ZPW))
IF (CRAT QE.1.0) €0 TO 900
C### COMPUTE Y-LOCATION OF CONTOUR
YC(I) = SIGY * ((~ ALDG(CRAT))##RV}
900 CONTINUE
950 RETURN
END

O

Couunnt SUBROUTINE START 900000005450 310 3 4040 009030 300040 00 963030 396 08 3040 30 3030 00 30 36 S0 3040 S0 0 30 00 30 00 31 00 - 41 B
B SUBROUTINE START(WMA, YR. WMJ)

I cC. ... ... THIS SUBROUTINE COMPUTES THE SET OF INITIAL OR STARTING VALUES
c ... OF PLUME RADIUS., PLUME TRAJECTORY AND PLUME ANGLE THAT ARE NEED-

e ai i S it i\t S Bk o, . % 4.
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FOR NUMERICAL COMPUTATION OF QOMS’ MODEL EGQUATIONS. .

REAL .AY
DIMENSION XOD(10).20D(10), PATHL(10), YR(&)
COMMON/DAT1/S0. VD. VH, ZDECK, ZREF, UR
COMMON/DAT2/F0, TO, UVENT, CO, UTLV, WM&
COMMDN/DAT3/PVAP. DISTAN, DISMAX, GL, ZCON
. COMPUTE THE WIND SPEED AT DECK HEIGHT ABOVE THE @ROUND. ... .. . ..
. ZIDECK = DECK HEIGHT, M. . . . . . ..
. IREF = REFERENCE HEIGHT FOR WIND SPEED PROFILE, M..........
... UR = WIND SPEED AT THE REFERENCE HEIGHT, M/S. . ...........
UDECK=UR+ (ZDECK/ZREF ) #% 14

. CALCULATE THE VAPOR CONCENTRATION FROM THE CHEMICAL VAPOR. ... ..
PRESSURE AT ONE ATMOSPHERE, AND THE VALUE OF ATMOSPHERIC. ... ..
.PRESSURE. . .. ... ... e e

CO=PVAP/7&0

. CALCULATE THE MOLECULAR WEIGHT OF THE VAPOR AND AIR MIXTURE. ..
- WMG = MOLECULAR WEI1GHT OF PURE CHEMIAL VAPOR. .. ....... ... .
. o WMA = MOLECULAR WEIGHT OF AIR. ... ... ... . ... ... ... ... .
WMU=(COWME) +{ 1 -CO) #UWMA
..... . CALCULATE THE JVET MOMENTUM RATIO. .. ... ..... ... ......... . .... .
UVENT = VELOCITY OF VAPOR/AIR MIXTURE FROM VENT. .. .. ... . ...
JAY-(WHJ/HMA)*(UVENT’UDECK)&ﬁ“
. THE KAMOTANI AND GREBER CORRELATION IS5 USED FOR THE INITIAL..
PLUME TRAJECTORY. . . (Z/D)=AV#(X/D)#%BV. ... .. ... ... ... .. ... . ...
. . CALCULATE THE PATH LENGTH ALONG THE TRAJECTORY..............
AV=EXP ( 4054465+0. 131368+#AL0OG(JAY)+0. 0549314 (ALOG(JAY) ) #%2)
IF (JaY. LT 10.) G0 7O 4
BV=EXP (-0 744691-0 074525#ALOG(JAY))
GO TO 5
Bv=0 4
» CONTINUE
ROW=0 871667+. 1775% (UVENT /UDECK)

Y

(£

. CALCULATE THE VALUE 0OF PATH LENGTH (X/D) THAT IS NEEDED TO. . .
SATISFY THE CURVE LENGIH ... . S e
XQD<0)=0
Z0D<(0)=0
PATHL <0)=0
1=0
10 I=1+1

XOD(I)y=X0D(I-1)+0. 10

ZODCI)=AV=XOD( 1) ##BV

PATHL ¢ 1)=PATHL(I-1)+8SQRT( (XOD(I)-XOD(I-1))#u2 +(Z0OD(I)-ZOD(I-1))#%
142 )

IF (PATHL(I) LT ROWMGOD TGO 10

FXOD=XOD(1={)+(XOD(1)=XQL(I~1))# ((ROW-PATHL(I-1))/(PATHL(I)~PATHL
aI=-1 N
o .. CALCULATE THE INITJAL VALUE OF YR(5)=X BY MULTIPLYING XOD BY..
..... THE VENT DIAMETER., VD. . . . ... .. e e
o . CALCULATE THE INITIAL VALUE OF YR(6)=Z BY MULTIPLYING ZOD BY..
..... THE VENT DIAMETER, ZD. AND ADDING THE VENT HEI@HT ABOVE THE. ..
...... DECK, VH. e N

....... OF AVEBYR(X/D)##(BV~1 ). . . e e e
. CALCULATE THE INITIAL VALUE OF YR(B)RVELDCITY DEFECT, AS.
,THE VALUE OF UVENT-UDECK#COS(THETA). .. .. .. .. .. .. ... . ... .. ....
CALCULATE THE INITIAL VALUE OF YR(2)=B. e

YR (5)=FXOD#VD

YR(6)=AV* (FXOD##BV) #VD+VH

YR(4)msATAN(AV#BV*#FXOD#+ (BV~-1 0))

YR(3)=UVENT-UDECK*COS(YR(4))

YR(2)=C. 6597#VD/(SQRT (1 +1 35#UDECK#COS(YR(4))/UVENT))
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YR{(1)=CO
RETURN
END

Co##% SUBROUTINE INDAT 3300000 00000 0000 00 000040 303000 3 0005 01 300 00 06 00 40 30 0030 0100 35 4040 00 40 30 3306 W 2 00
SUBROUTINE INDAT

C....... THIS SUBROUTINE PERMITS THE USER TO FURNISH INPUT DATA 1IN AN.
C ... INTERACTIVE MANNER. THE PROGRAM WILL IDENTIFY THE VARIABLE.

c ... TO BE SPECIFIED, PROMPT WITH THE CURRENT DEFAULT VALUE. AND..
C ... ASK THE USER IF THIS VALUE 1S ACCEPTED. IF NOT THE PROGRAM. .
c....... WILL ACCEPT A NEW VALUE INPUT BY THE USER. ... ................ .

REAL LEL:. APLACE(10). ADATE(3), AGAS(S)
COMMON/DAT1/S0, VD, VH, ZDECK, ZREF, UR
COMMON/DATZ2/P0, TO, UVENT, CO, UTLV, WMC
COMMON/DAT3/PVAP, DISTAN, DISMAX, GL, ZCON
COMMON/DAT4/CC1. CC2, CC3, CCA, CCS, CCo
COMMON/DATS/UCL, LEL, STIL, TLV, ODOR
COMMON/DATS/APLACE, ADATE, AGAS

c ... ENTER NAME OF VESSEL. PLACE OR DESCRIBING PHRASE...............
TYPE *, ‘' ENTER NAME OF VESSEL. PLACE OR DESCRIBING PHRASE
TYPE %, (UP TO 40 CHARACTERS)
TYPE *, '
ACCEPT 101, (APLACE(J),J=1,10)

TYPE %, e
c..... .. ENTER NAME OF CARGO VAPOR OR GAS BEING EMITTED.................
TYPE %, ’ ENTER NAME OF CARGCD VAPOR OR GAS BEING EMITTED °

TYPE », (UP TO 20 CHARACTERS)

TYPE #, ‘

ACCEPT 102, (AGAS(J). J=1,5)

TP ®,
c ... LIST DEFAULT VALUES FOR VENT GEOMETRY AND ASK WHETHER CHANGES.
c ... .. ARE REOUIRED ..................................................

S5 TYPE +, lIST THE DEFAULT VALUES FOR VENT GEOMETRY VARIABLES '’

TYPE #, '

TYPE %, ’ VENT DIAMETER., VD, ‘»VD, * METERS ~

TYPE #, ‘ VENT HEIGHT, VH. ‘yVH, * METERS *

TYPE #, ' DECK HEIGHT. ZDECK, ’» IDECK: * METERS ‘

TYPE *, * ~’

TYPE #, * DO YOU WANT TO USE ALL OF THESE VALUES (Y/N)7?
READ (5, 105)1D0
IF(IDO NE 1HMN. AND. IDO. NE. 1HY)GO TO 5
IF(IDO. EG. 1HY)GOD TO 10
6 TYPE «, ‘. . .. ..., _...... e ‘

9 .. VALUE FOR VENT DIAMETER., VD, IN METERS. ...................... ..

TYPE #, ‘ ENTER VALUE FOR VENT DIAMETER, VD. IN METERS.
TYPE «, ° *

TYPE #, ’ TYPICAL VALUES ARE. .= *

TYPE #, ~ 0.305 M (12 INCHES)

TYPE #, 0.203 M ¢ 8 INCHES) '

TYPE +, 0. 102 M ( 4 INCHES) '
CALL PROMPT (VD)
c. ... VALUE FOR VENT HEIGHT, VH, IN METERS........ ... ...... ... ... ...
TYPE #, ‘' ENTER VALUE FOR VENT HEIGHT, VH, IN METERS. '
TYPE =, *
TYPE +, TYPICAL VALUES ARE. .. *
TYPE #, 1.0M(3.3FT) ’

TYPE «, '’ 4 0M (13.1 FT) !

TYPE +, 6.1 M (20.0 FT), OR B/3 ~’
CALL PROMPT (VH)
cC ... VALUE FOR DECK HEIGHT, ZDECK, IN METERS.. . ... .............. ....
TYPE #, ' ENTER VALUE FOR DECK HEIGHT, 2IDECK. IN METERS.
TYPE *, * ~
TYPE %, ’ TYPICAL VALUES ARE. ..
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... WHETHER CHANGES ARE REQUIRED .. .. . ... . .. .. ... ... ... ...

TYPE +, L L e
. VALUE FOR ATMDSPHERIC PRESSURE. PO, INMM HG. .. . ... .. . ... ...
TYPE +, ' ENTER VALUE FOR ATMOSPHERIC PRESSURE, PO, IN MM HG

TYPE &, ~ ’
TYPE %, * TYPICAL VALUES ARE ‘
TYPE %, 760. MM HG ‘

TYPE #. 1.0 M (BARGE) !

TYPE %, 6.1 M (SHIP) !
CALL PROMPT(ZDECK)

60 TO S

CONTINUE

LIST DEFAULT VALUES FOR ATMOSFHERIC CONDITIONS AND ASK. .

TYPE ®, / LIST THE DEFAULT VALUES FOR ATMOSPHERIC CONDITIONS *
TYPE &, ¢ -

TYPE # ‘ ATMOSPHERIC PRESSURE., PO, ‘PO, * MM HG *
TYPE #, ' ATMOSPHERIC TEMPERATURE, TO. *,T0, ' DEG R ’
TYPE # ' WIND SPEED, UR. ‘JUR, * M/S ’
TYPE ¥, ‘ REFERENCE HEIGHT, ZRCF, ‘. ZREF, * M
TYPE #, ‘ WIND TURBULENCE. LEVEL, UTLV, LUTLVL Y %
TYPE . * ¢

TYPE #, ' DD YDU WANT TO USE ALL OF THESE VALUES (Y/N)™ *

READ(S. 10%)1DG
IF(IDO. NE. 1HN AND. IDO NE. 1HY)GO TO 15
IFC(IDO EQ 1HHY)GD TO 20

CALL PROMPT(FO)

.VALUE FCR ATMOSPHERIC TEMPERATURE, TO. IN DEG. RANKINE. .. .. .

TYPE &, ‘ ENTER VALUE FOR ATMOSPHERIC TEMPERATURE, TO0, IN R ~
CALL PROMPT(TO)

VALUE FOR REFERENCE WIND SPEED, UR., IN METERS/SEC. ... .........

VTYPE +, ' ENTER VALUE FOR REFERENCE WIND SPEED, UR, IN M/S

TYPE %, ~

TYPE +, 7 TYPICAL VALUES ARE !

TYPE +, ~ i.1@ M/S 2 5 MILE/HR) !
TYPE =, * 2 24 M/S ( 5.0 MILE/HR) ‘
TYPE +, 7 4 47 M/S (10 O MILE/HR) ‘
TYPE &, 6 73 M/ (15 O MILE/HR) !

CALL PROMPT(UR)
VALUE FOR WIND SPEED REFERENCE HEIGHT, ZREF, IN METERS. ..

TYPE «. ‘' ENTER WIND SPEED REFERENCE HEIGHT, ZREF., IN METERS °

TYPE *, *
TYPE #, ‘' TYPICAL VALUES ARE. .. -
TYPE *, 10 O M <((32.8FT) ‘

CALL PROMPT(ZREF)

VALUE FOR WIND TURBULENCE LEVEL, UTLV, IN PERCENT.............

TYPE #, ‘ ENTER WIND TURBULENCE LEVEL, UTLV, IN PERCENT
TYPE *. 7

TYPE &+, * TYPICAL VALUES ARE ..

TYPE &, 207 (FOR ALL WIND SPEEDS) ’

TYPE &, 30% (FOR VERY LOW SPEED OR GUSTY CONDITIONS) *
TYPE #. '/ 0% (TO ESTIMATE INSTANTANEOUES PLUME BOUNDARY) '
CALL PROMPT (UTLWV)

G0 TO 15

CONT INUE

TYPE . *

LIST DEFAULT VALUES FOR “LUME VENT CONDITIONS.. .. e
AND ASK WHETHER CHANGES ARE REQUIRED....... . ............... ..

TYPE ., ’ LIST THE DEFAULT VALUES FOR PLUME VENT CONDITIONS *

TYPE «, 7

TYPE «, ’ CARGO LOADING RATE. QL. ‘hGL, * Me#e3/HR
UVENT= QL+0. 0003536777/VD/VD

TYPE #, ’ VENT VELOCITY. UVENT, ‘+ UVENT, * M/S ~’

TYFE ¢« ' VAPOR MO_LECULAR WEIGAT, WMG, ‘5> WMG, ¢ :
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... CALCULATE VENT VELOCITY, UVENT, IN M/S...................... ..

TYPE #, ' CARGD VAPOR PRESSURE. PVAP. ‘PVAP, * MM HC ’

CO= ((PVAP/760. Y#14. 7)%144 #WMCH16. 0522/ (1545%T0)

TYPE %, ‘ VENT CONCENTRATION, CO. ‘v CO., ' KG/M#a3 '/

TYPE %, ' 4

TYPE #, ' DO YOU WANT TO USE ALL OF THESE VALUES (Y/N)~

READ(S5, 105)1DO

IFCIDO. NE. 1HN. AND. IDO. NE. {HY)GO TO 2%

IFCIDO. EQG. 1HY)CO TO 30

TYPE ®, e
TYPE #, * ¢

.. VALUE FOR LOADING RATE (DR GAS FLOW RATE), GL, IN M«#3/SEC. .. L
TYPE #, ‘ ENTER LOADING RATE (OR GAS VOLUMETRIC FLOW RATE)
TYPE %, ‘ QL IN METERS##3/HR

TYPE +,
TYPE +, TYPICAL VALUES ARE. ‘

TYPE +, 318 M##3/HR (2000 BBL/HR) “
TYPE =, 159 M##3/HR (1000 BBL/HR) !
TYPE =, 79 M#23/HR ( 500 BBL/HR)
CALL PROMPT(GL)

’
TYPE +, ~’ 794 M##3/HR (5000 BBL/HR)

UVENT= Q@L#*0. 000353&6777/VD/VD

TYPE %, ‘ CALCULATED VALUE OF VENT VELOCITY IS ’,UVENT, ‘' M/S
TYPE s, /e
TYPE %, * ¢

.- VALUE FOR VAPDR MOLECULAR WEIGHT. . ......... ... .................
TYPE %, ' ENTER VAPOR MOLECULAR WEIGHT, WMG

TYPE %, * ¢
TYPE +, ' TYPICAL VALUES ARE...
TYPE #, B86. 10 (VINYL ACETATE) ’

CALL PROMPTY (WMG)
.. VALUE FOR VENT CONCENTRATION, CO, IN KG/M##3. . ... ... ... ... ....
TYPE %, ‘ THE VAPOR CONCENTRATION NEAR THE END OF CARGO LOADING

TYPE «, ’ MAY APPROACH THE SATURATED VAPOR CONCENTRATION. ENTER *
TYPE %, ' THE VALUE OF SATURATED VAPOR PRESSURE, OR SOME FRACT- ~
TYPE #, ‘ 10N THEREOF. . . . ... . . . ... . e ‘
TYPE %, ' ENTER VAPOR PRESSURE, PVAP, IN MM HG

TYPE %, * '

TYPE %, ' TYPICAL VALUES ARE. .. °

TYPE *, '/ 90. MM HG (VINYL ACETATE) ‘
CALL PROMPT (PVAP)

- CALCULATE THE VENT CONCENTRATION. . ... ... . ....... ...,
CO= ((PVAP/760. ) %14 7)%144 #»WMG*14. 0522/ (1545%T0)
TYPE %, ‘CALCULATED VALUE OF VENT CONCENTRATION. CO=’,CO, ‘KG/M*%3"
TYPE &, e e !
TYPE %, '
€0 TO 25
CONTINUE

.. LIST DEFAULT VALUES FOR PLUME COMPUTATION CONDITIONS.........

TYPE #, * LIST THE DEFAULT VALUES FOR PLUME COMPUTATION -
TYPE », *

TYPE =, ° PLUME PATH DISTANCE., SO, ‘e 80, ' M’
TYPE %, ° DISTANCE BETWEEN PRINTOUTE, DISTAN, ‘,DISTAN., ' M *
TYPE %, * MAX DOWNWIND DISTANCE. DISMAX, ‘»DISMAX, ° M
TYPE %, ~ ¢

TYPE «, ° DO YOU WANT TO USE ALL OF THESE VALUES (Y/N)? '
READ (S, 105)1DO

IF(IDO. NE. 1HN. AND. IDO. NE. 1HY)Q0 TO 3%

IF.1DQ. EQ. 1HY)GD TO 40

TYPE %, e
.. INITIAL VALUE FOR PLUME PATH DISTANCE. 80, IN METERS..........
TYPE %, ' ENTER VALUE FOR PLUME PATH LENGTM, 80, IN METERS '
TYPE «, * 7
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TYPE %, ‘ TYPICAL VALUES ARE. . ’

TYPE &, ocoomMm

CALL PROMPT(SO)

.. VALUE FOR DISTANCE BETWEEN PRINTOUTS, DISTAN. IN METERS. . .
TYPE #, ' ENTER DISTANCE BETWEEN PRINTOUTS, DISTAN. IN METERS -

TYRE %,

TYPE #, ’ TYPICAL VALUES ARE. !
TYPE %, ' 1.OM !

TYPE %, Som

CALL PROMPT(DISTAN)
... VALUE FOR MAXIMUM DISTANCE FOR PLUME COMPUTATION. . .. S

o DISMAY., IN METERS. . . . . ... ... .. e
TYPE #, ‘ ENTER MAXIMUM DISTANCE FOR PLUME COHPUTATION ’

TYPE +, DISMAX, IN METERS °

TYPE . ’

TYPE &, ~ TYPICAL VALUES ARE. . ‘

TYPE &, 10 M (RECOMMENDED FOR 1 M VENTS) !

TYPE &, 20 M (RECOMMENDED FOR 4 M AND B/3 VENTS)
TYPE &, ' 100 M

CALL PROMPT (DISMAX)

STEPS=DISMAX/DISTAN

IF{(STEPS. LE. 50260 TO 35

TYPE 3, 7540303 3 04030 0 3300 I3 303 330 20 30363 00 06 3 3 30300 A6 3 6 4 3 3 A 300 00 0 21 7
TYPE #, ‘THE SPECIFIED CONDITIONS ARE NOT WITHIN THE ARRAY

+ CAPABILITIES -

TYPE %, * /

TYPE &, 'EITHER DECREASE THE MAXIMUM DISTANCE. DISMAY,
TYPE &, OR

TYPE +, '’ INCREASE THE STEP SIZE.DISTAN.

TYPE %, * '

TYPE #, ‘DISMAX/DISTAN MUST BE LESS THAN OR EQUAL TO S50. ’
TYPE 4, 7336336 %3302 2 3 340 34 3 1033 T30 30 30030 36 90 00 09630 09030 3040 64030 0 6 30 36 0 I S 40 ¢

TYPE +, '
GO TO 3%
CONTINUE
.VALUE FOR UEL.,LEL,STIL.TLVY AND ODOR. . . .. . ... . . ... ... ...... . ...
TYPE %, ’ LIST THE DEFAULT VALUES FOR VEL, LEL, STIL, TLV AND ODOR ’
TYPE %, ‘
TYPE ¥, ' UPPER FLAMMABLE _IMIT, UEL, = ‘,UEL, "' %4 '
TYPE %, ‘ LDWER FLAMMABLE LIMIT, LEL, = “,LEL, " % *
TYPE #, ' SHORT TERM INHALATION LIMIT, STIL, = ‘,STIL, ' PPM '
TYPE ¥, ‘' THRESHOLD LIMIT VALUE, TLV, = *, TLV, * PPM ’
TYPE «, * ODOR THRESHOLD, ODOR., = ‘,ODOR, ' PPM '
TYPE %, 4

TYPE %, ' DO YOU WANT TO USE ALL OF THESE VALUES (Y/N)7? ’
READ(S, 10%) 1DO
IF¢(IDO. NE. 1HN. AND. IDO NE. JHY)GO TO 495
IF(1IDO EQ. :HY)GD TD 50
TYPE «, /. . . e ‘
VALUE FOR UPPER FLAMHABLE LIMIT; UEL; IN PERCENT. .. ... ....
TYPE #, ' ENTER VALUE FDR UEL IN PERCENT BY VOLUME ‘
TYPE %, ‘
TYPE %, '’ YYPICAL VALUES ARE. ..
TYPE #, ' 13.4 % (VINY. ACETATE) ’
TYPE *. ‘ ( IF THE UEL VALUE IS NOT KNOWN, ENTER 100.0)
CALL PROMPT(UEL)
ASSIGN VALUE OF UEL TO CC3 . ... .. .. o o
CC3 = VEL#*10000
VALUE FOR LOWER FLAMMABLE LIMIT, LEL, IN PERCENT. ... ...........
TYPE #. ‘ ENTER VALUE FOR LEL IN PERCENT BY VOLUME °
TYPE », *
TYPE +, ' TYPICAL VALUES ARE ’
TYPE «, ' 2 6 % (VINYL ACETATE) ‘
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TYPE #, * ( IF THE LEL VALUE IS NOT KNDWN. ENTER 100.0)

CALL PROMPT(LEL)

TYPE
TYFE
TYPE
TYPE
CALL

ccs =
_VALUE FOR THRESHOLD LIMIT VALUE,

TYPE
TYPE
TYPE
TYPE
TYPE
caLL

.. ASSIGN VALUE OF LEL TO cC4
CC4 = LEL#10000
: VALUE
TYPE

*,
*,
*,
-*,
*,

FOR SHORT TERM INHALATION LIMIT. STIL,

‘ ENTER VALUE FOR STIL IN PPM

’

¢
’
’

’

TYPICAL VALUES ARE... ‘
20 PPM (VINYL ACETATE)

(IF A VALUE FOR STIL IS NOT KNOWN. ENTER 1000000.)

PROMPT(STIL)

*,
+,
L
*,
¥,

. ASSIGN VALUE OF STIL TO CC5
STIL

* ENTER VALUE FOR TLV IN PPM

’

’

" TYPICAL VALUES ARE. ..

’

’

10 PPM (VINYI
(IF A VALUE FOR TLV IS NOT KNOWN,

PROMPT (TLV)

. . ASSIGN VALUE OF TLV TO CC6
CC6 = TLV
. VALUE FOR THE ODOR THRESHOLD.

READ (S5, 10%)1D0O
IF (IDO. NE. 1HN. AND IDO.

IF(IDO. EQ. tHY)GD TD 40

TYPE

.. VALUES FOR CONCENTRATION CONTDURS
* ENTER VALUES FOR CC!1 THROUGH CCé6 IN PPM

TYPE
CALL
CALL
CaLL
CALL
CALL
CALL

G0 TO 55
CONTINVE

*,

*,

’

PROMPT(C"1)
PROMPT(CC2)
PROMPT(CC3)
PROMPT(CC4)
PROMPT(CCS)
PROMPT(CC&)

FORMAT (10A4)
FORMAT (5A4)

FORMAT (A2)

RETURN

END

NE. 1HY)QO TO 55

ACETATE)

TLV,

ODOR,

’

’

.

¢

INPPM. ..

ENTER 1000000.)

.

’

’

TYPE #. ‘' ENTER VALUE FOR ODOR IN PPM
TYPE %, * ‘
TYPE #, ‘ TYPICAL VALUES ARE. .
TYPE %, * 0. 12 PPM (VINYL ACETATE) !
TYPE *, ‘ (IF A VALUE FOR ODOR IS NOT KNOWN, ENTER 1000000.)
CALL PROMPT(ODOR)
<. ASSIGN VALUE OF ODOR TO CC2. . ... . ... .. ... e,
CC2 = ODOR
GG TO 4%
CONTINUE
.. LIST DEFAULT VALUES FOR CONCENTRATION CONTOURS. ... ..............
TYPE *, ‘ LIST THE DEFAULT VALUES FOR CONCENTRATION CONTOURS
TYPE %, *
TYPE #, ' CC1 = ‘,CC1,’ PPM (USER ASSIGNED VALUE)
TYPE +, ’ CC2 = ‘.CC2, ' PPM (USUALLY THE ODOR THRESHOLD) -
TYPE &, ' CC2 = ‘,CC3, ‘ PPM (USUALLY THE UEL) *
TYPE #, ' CC4 = ‘,CCA, * PPM (USUALLY THE LEL)
TYPE #, ' CC5 = /,CC5, ' PPM (USUALLY THE STIL) *
TYPE %, ' CC6 = ’,CCé, ° PPM (USUALLY THE TLV) *
TYPE %, ’
TYPE #, ‘ DO YDU WANT TO USE ALL OF THESE VALUES (Y/N)?

csiia amarhans soniidbks
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SUBROUTINE PROMPT 46404 4 3690 35 9000 30 3036 30 48 30 4540 46 40 3530 90 3 36 30 06 36 45 46 30 30 30 4 30 48 36 3 90 9 36 3648 96 3 46
SUBROUTINE PROMPT(VALUE)

DATA 1Y, IN/1,0/

TYPE «, ’

TYPE #, ‘ THE CURRENT DEFAULT VALUE 1S = ‘, VALUE

TYPE +, ‘' DO YOU WANT TO USE THIS DEFAULT VALUE (Y/N)7? *

READ(S5. 100)IDO

FORMAT (A2)

IF(IDO. NE. 1HN. AND. IDO. NE. 1HY)GD TO 10

IF(IDD. EG. 1HY)GD TD 20

TYPE #, ’ TYPE IN NEW VALUE

ACCEPT %, VALUE

TYPE ®, . ... ..
TYPE -, ‘
RETURN

END




APPENDIX C

! PROGRAM LISTING FOR THE ONDEK3
PLUME DISPERSION MODEL

Main Program ONDEK
Integer Function HAMING
Integer Function RUNGE
Real Function SIMUL

' Subroutine RHS

! Subroutine CSUM

N Subroutine CONT

; Subroutine START
Subroutine INDAT
Subroutine PROMPT

Subroutine PLOTS




- Cuurs PROGRAM ONDEK 600030000 0000 005 0 05 00001045 3040 0505506 36 005 00 06 00 06 5 00 06 06 01 0 08 3 SR 0006 30 06 00 060006 00 0 6 B &
. THIS PROGRAM COMPUTES THE TRAJECTORY AND CONCENTRATION DISTRI-
.... BUTION OF BUDYANT PLUMES DF CHEMICAL VAPOR AND AIR THAT ARE
..... EMITTED INTO AN ATMOSPHERIC BOUNDARY- LAYER. THE COMPUTER PRO-

. GRAM 1S BASED UPON OOMS’ METHOD (REFERENCE, G. DOMS, ‘A NEW

R METHOD FDR THE CALCULATION OF THE PLUME PATH OF GASES EMITTED
....... By A STACK’, ATMOSPHERIC ENVIRONMENT, VOL &6, 1972) AND TE

... .RIELE’S METHOD (REFERENCE, P.H. M. TE RIELE, ‘ATMOSPHERIC DISPER-
....... SION OF HEAVY GASES EMITTED AT DR NEAR GROUND LEVELS’, 2ND

..... - INTERNATIONAL SYMPOSIUM ON (0SS PREVENTION AND SAFETY PROMOTION
,,,,,,, IN THE PROCESS INDUSTRIES, SEPT. 1977)

LIST OF INPUT VARIABLES. . ... ... ... ... . ... ..

SO = STARTING VALUE FOR PLUME PATH TRAJECTORY, M
H = INTEGRATION STEP SIZE, M
SMAX = TERMINATION VALUE OF PLUME PATH INTEGRATION, M
INT = NUMBER OF INTEGRATIONS BETWEEN PRINT-QUTS
YR(1) = INITIAL VALUE OF CONCENTRATIDN, KG/M*#3
' YR(2) = INITIAL VALUE OF PLUME CHARACTERISTIC RADIUS., M
! YR(3) = INITIAL VALUE OF PLUME VELOCITY - WIND SPEED COMPONENT.M/S
‘ YR(4} = INITIAL VALUE OF PLUME ANGLE WITH RESPECT TO HORIZON, RADIANS
YR(35) = INITIAL VALUE OF X, HORIZONTAL DISTANCE FROM VENT, M
YR(6) = INITIAL VALUE OF Y, VERTICAL HEIGHT ABOVE DECK. M

WM. = MOLECULAR WEIGHT OF EMITTED GAS

PO = ATMOSPHERIC PRESSURE, MM HG

TO = ATMOSPHERIC TEMPERATURE, DEG¢ RANKINE

UR = REFERENCE VELOCITY AT ZREF, M/&

' ZREF = REFERENCE HEIGHT, M

CMF = MASS FRACTION OF TRACER GAS IN EMITTED GAS

TLV = TURBULENCE LEVEL
ZCON = CONCENTRATION MEASLRE HEIGHT, M

IC = NUMBER OF CONCENTRATION VALUES FOR CONTOUR LINES. MAX=&
C(l) = CONCENTRATION VALUES FOR CONTOURS
YRUF = SURFACE ROUGHNESS PARAMETER, CENTIMETERS

OOOOOOOOOGOGOOOOOOOOOQO000000(70000

‘ INTEGER COUNT. RUNGE, HAMING
; REAL APLACE(10), ADATE(3), ACLASS(5), AGAS(5), LEL, LELM

) DIMENSION TE{(&), YR(&),FR(6),Y(4,6),F(3,6), YRE(6), L&), YC(6)
DIMENSION YRSAVE(6), CON(30, 5), CONB(30. 5), DIS(30), DISB(30), YAXIS(S)
DIMENSION CONC(30,4),DISC(30)., YCONC(6)
COMMON/PHYS/DCDR, EPS, UPR1I, ROA, ROE. €, ALF, TAU, U10
COMMON/CONS/IDECK, AF1, AF2, AF21, BTA, DLA, BT1, DBA, BM1., GAM
COMMON/CONR/ROT

COMMON/DAT: /80, VD, VH, ZDECK, ZREF, UR
COMMON/DAT2/P0. TO, UVENT, CO, UTLV, WME
COMMON/DAT3/PVAP, DISTAN, DISMAX, QL. ZCON
COMMON/DAT4/CC1, CC2, CCJ, CC4, CC5, CCo
COMMON/DATS/UEL, LEL, STEL, TL.V, ODOR

COMMON/DAT6/APLACE, ADATE, AGAS

e

Cuder SPECIFICATION OF DEFAULT VALUES FOR INPUT DATA S0 asstusdsttuesrss
DATA S0, VD, VH. ZDECK. PO/0. 0, 0. 203, 1. 0. 1. 0, 760. /
DATA TO. ZREF, UR, UTLV, WMG/520. , 10. , 2. 24, 20. . 86. 10/
DATA GL. DISHMAX. DISTAN, WMA, PVAP/15%. 0, 10.,1. 0. 28. 97.90. /
DATA 2CON, I1C/1. 68, &/
DATA CC1,CC2,CC3,CC4, CCS5. CCH/1000: 0. 12, 134000, 26000, 20, 10/
DATA UEL.LEL.STEL.TLV,0DOR/13.4,2.6,20.,10.,0. 12/

Canan SPECIFICATION OF DATA FILES FOR PLOTS 950050000 00005 0300030 0 000 £ 000 0 S 0 0000
DATA XAXIS/‘X(M) '’/
DATA YAXIS/'TLV. ’, ‘UEL. ’, "LEL. *, STEL ", ‘CONC "’/
DATA YCONC/’1C. ./, ‘ODOR‘, *UEL. “, "LEL. *, ‘STEL’, 'TLV. 7/

————— il
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OPEN OUTPUT FILE FOR PRINTING #6946 34 35036 00 496 06 064 03 0000 0646 00 0 06 0000 0 8030 46004 062
OPEN(UN]IT=3, FILE=‘'RESONDEK. DAT’, STATUS=‘NEW’)

TYPE &, ‘#seuuseassd PROCRAM ONDEK ####aaatin ’

TYPE %, ‘'THIS PROGRAM COMPUTES THE TRAJECTORY AND CONCENTRATION ~’
TYPE +, 'DISTRIBUTION OF BUOYANT PLUMES OF CHEMICAL VAPOR AND AIR’
TYPE +, ‘THAT ARE EMITTED INTO THE AIR ABOVE A SHIP OR BARGE DECK’
TYPE %, '/ ‘

TYPE #, ‘PREPARE TO ENTER INPUT DATA REQUIRED BY THE PROGRAM
TYPE «, '’ !

CCENTER TODAY 'S DATE. . . . e
TYPE *. ‘ ENTER TODAY#S DATE (UP TO 12 CHARACTERS)

TYPE ¥, ' !

ACCEPT 600, (ADATE(J), J=1.,3)

TYPE #, /. R, e ’
CONT INUE

CALL SUBROUTINE INDAT TO ENTER DATA INTERACTIVELY #3458 aen
CALL INDAT

INITIALIZE VARIABLES AND ASSIGN VALUES TO CONSTANTS #&%#eswdiisses
G= 9. 80665
X= 0.0
DISTA= 0.0

. STEP SIZE SET EQUAL TO 1/5TH OF THE VENT DIAMETER. ... ... .......
H= VD/5 O
EPS= 0 0000000001

MASS FRACTION OF GAS CONSTITUENT SET EQUAL TO 1... .. .........

CMF=1 O

IDECK= 1

IA=

ALF = 0. 14

GAaM = | 18597434
DLA = 0 176877
BTA = 0 91.i784

YRUF = 1 000
CALL START(WMA, YR, WMJ)
UPRI= 3. O#UTLV#UR/100
Ua=UR
DCDR=WMJ/ (WMU-28. 96)
ROA=((PO/760 I#14 7)#144 %28 96%#16 0522/ (1545. #T0)
ROE=ROA#UWMJU/28. ¢
ROVAP= ROA®WMEC/Z. 96

. STORE VALUES OF CONTOUR CONCENTRATIONS FOR PRINT OQUT. .. ... . ....
C(1)= CC1#ROVAP/1000000
C(2)= CC2«#ROVAP /1000000
C(3)= CC3#ROVAP/1000000
C(d)= CC4#ROVAP/1000000.
C(35)= CCS5#ROVAP /1000000
C(6)= CCH#ROVAP /1000000,
UELM= UEL+#ROVAP/100
LELM= LEL#ROVAP/100.
STELM=STEL #ROVAP /1000000.
TLYM= TLV *ROVAP/1000000.
ODORM= ODIR#ROVAP /1000000
TRACON=YR (1) #CMF

IDECK = 1
CONH1=0

XCON=YR(5)

INITIALIZE VARIABLES FOR PLOT FILES #¥#®0atuettsd i tefedrdtitis

C100= ALOG(ROVAP)
CM = ROVAP /1000000

C-2
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CUEL= ALOG (VELM)
CLEL= ALOG(LELM)
CSTEL=ALOC(STELM)
CTLV= ALOG(TLVM)
COMPUTE THE WIND SHEAR STRESS, TAUO....... . . ..................
- THE EQUATION USED MAY BE ACCURATE ONLY FOR NEUTRAL. ... . ... .
.. ATMOSPHERIC STABILITY CONDITIONS...... ... ........ ..........

U10=UR#((10. +ZDECK)/ZREF ) ##ALF

IP= ALOG(1000. /YRUF)
TAU =0 16%#U10%U10/(ZP*ZP)
COMPUTE THE CONSTANTS THAT ARE NEEDED TO INTEGRATE... ... ......

:..THE EQUATIONS FOR TE RIELE’S PLUME MODEL. . ....................

AF1=1. +ALF

AF2=DxALF

AF21=1 +AFZ

ETi=1 /BTa

DBA=DL A*#HKT}

BM1=1 -BT}

ROT=(1. -RGA/ROE ) /RDA
TAUO=TAU#ROA

-..SET GCON = SQRT(PII®AFRI/(GAM®2. ). . . ... ... . ........ . .........

.. THIS VARIABLE IS USED IN THE INITIAL VALUE OF SIGMAZ. .

CCON=0 BB62269255%AF21/CAM

.. PRINT THE HEADING AND THE INITIAL CONDITIONS..................
WRITE(3,710) (APLACE(J), J=1, 10), (ADATE(J), y=1, 3)

WRITE(3,711) PO, TO, UR, ZREF, ALF, UTLV

WRITE (3, 712) VD, VH, ZDECK, (AGAS(J), J=1, 5), WMJ, YR(1), QL, UVENT
WRITE{(3,719) UELM, LELM, STELM, TLVM, OCDORM

WRITE(3,713) (C(J). J=1,1IC), ZCON

WRITE(3,714) H, DISMAX

WRITE(3, 715)

. INITIALIZE THE STEP COUNTER AND THE FIRST ROW OF THE Y MATRIX.
. SET THE INITIAL TRUNCATION ERRORS TO ZERD. .. ...................

COUNT = 0O
DO 405 u=l. 6
TE(U) = O

Y4, J)= YR(J)
TYPE #, ' COMPUTING PLUME TRAJECTORY AND DISPERSION
CALL RUNGE TO INTEGRATE ACROSS THE FIRST THREE STEPS. . ... ......
RUNGE 1S USED AS A STARTER FOR HAMING. ... ... .. .. .. .......
IF (RUNGZ (6, YR.FR, X, H) NE. 1) GD TO 420
CALL RHS(YR, YRS)
DO 415 K=31.,4
FR(K)=YRS(K)
FR(S)= COS(YR(4))
FR(6)= SIN(YR(4))
60 TO 410
.. PUT THE APPROPRIATE INITIAL VALUES IN THE Y AND F MATRICES.....
COUNT = COUNT + 1
ISUB = 4 - COUNT
DO 425 JU=1, 6
Y(ISUB,J) = YR(J)
CALL RHS(YR, YRS)
DO 430 K=1,4
F(ISUB, K)=YRS(K)
F(ISUB, S)= COS(YR(4))
F(ISUB, &)= SIN(YR(4))

IF X.6T. DISTA, PRINT VALUES OF THE PLUME VARIABLES ##auuemusnus
CONT INUE

IF (COUNT.LE. 3) GO TO 450

IF (Y{1,%) LE DISTA) €0 TO 450
TRACON = Y(1, 1)=CMF




....... COMPUTE CONH!., CONCENTRATION AT DREATHING HEIQHT, ZCON........
Ba=Y(1,2)*Y(1,2)%1 35
CR1=Y(1,46)-2CON
CZ1=CR1%CR{/B2
IF (CZ1.GT. 13.681) GO TO 440
CR2=Y (1, 6)+ZCON
CZ2=CR2%CR;2/B2
XCON=Y (1, 5
CONH1=Y (1, 1) #CMF®( EXP(~CZ1) + EXP(-CZ2))
G0 TO 445
430 XCON = Y(1,5)
CONH1=0
445 CONTINUE
COMPUTE FLUME CENTERLINE CONCENTRATION WITH THE EFFECT OF AN. .
- IMAGE PLANE AT GROUND LEVEL . ... ... ... ... ... .. . ... ... .. ... ...
CI3= 4 ¥¥Y(1,6)¥Y(1, 6)/BE
IF (CZ3. 6T 13 81) GO TO 444
YCL= Y1, 1} (L. +EXP(~CZ3))
GO TO 447
445 YCL= YL, 1)
447 CONTINUVE
CALL CONT(C,Y¥C,Y,1,I1C,0 ,0.,0 ,0.,ZCON)
IF (COUNT. GT. 3) WRITE(3, 716) X, Y(1,5),¥(1,6),Y(1, 1), CONH1, XCON,
TCYCC(I), I=4,6),Y(¢(1,2),¥(1,3), YL, 4)
Ta= 1A+1
DIS(IA)= Y(1.5)
DISB(1AY=Y(1.5)
DISC{IA)=Y(L. 5)
... ASSIGN VALUES TO CONC ARRAY. ... . . ... ...... . .......... ...
DD 448 II=1,6
CONC(IA, I1l) = YCC(II)
448 CONTINUE
CON(IA, S)= ALOG(YCL)
IF (CONH1. LT CM) CONM1=CM
CONB (1A, 5)=AL0G (CONH1)
CONC(IA, 2)= CUEL
CONB (1A, 2)=CUEL
CON(IA. 3)= CLEL
CONB(TA, 2)=CLEL
CON(IA 4)= CSTEL
CONB(IA, 4)=CSTEL
CON(IA, 1)= CTLV
CONB(IA, 1)=CTLV
DISTA= DISTA + DISTAN
... IF X EXCEEDS DISMAX. TERMINATE THE INTEGRATION ... . .........
450 IF (X 6T DISMAX-H/22 ) GO TO %60
CALL RUNGE OR HAMING TO INTEGRATE ACRDSS THE NEXT STEF..........
IF (COUNT. LT 3) €0 TO 410
. L CALL HAMING . L e
455 M = HAMING(S6. Y, F, X, H, TE)
DO 460 K=t. 4
460 YR(K)I=Y(1,K)
CALL RHS(YR, YRS)
DO 465 K=1, 4
465 F(1, K)=YRS(K)
F(1,5)= COS(Y(1,4))
F(1,6)= SIN(Y(1.,4))
IF (M EQ i) GD TD 455
INCREMENT STEP COUNTER AND CONTINUE INTEGRATION. ... ... ..
COUNT = CGUNT + |
IF (Y(1,6) LT . 0. ) @O TO 500
60 TO 43L
50C CONTINUE

T
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TRANSITION TO TE RIELE ‘S METHOD 4040 3300 00 0030 00 40 00 00 48 3 00 38 06 00 40 00 08 3036 38 3 0 0 369 8¢
IDECK = 0O

.. FOR INITIAL CONDITIONS, SET. .. ... .. ... . i
..... Y(1,1)=2%#Y(}1,1)...CA=2#C DN THE PLUME CENTERLINE. .. ...... ..
..... Y(1,2)=1 161895#Y(1,2)... SICMAY=LAMDA#PLUME WIDTH. ..... . .. .
..... Y(1,3)=YR(2)#GCON. . . SICMAZ=SIOMAY#GCON. . . ... ... . ...... .. ...
YR(1) = 2#Y(1, 1)

YR(2) =1, 161895#Y(1,2)

YR(3) =YR(2)#GCON

WRITE(3, 717)

COUNT = O

DO 505 J=1.3

TE(J)Y = 0.

Y(4,J) = YR(J)

. CALL RUNGE TO INTEGRATE ACROSS THE FIRST THREE STEPS. . . .. ... ...
IF (RUNGE(3, YR, FR, X, H) .NE. 1) €0 TO 520

CALL RHS(YR. YRS)

DC 515 K=1,3

FR(K)=YRS(K)

60 TO 510

.. PUT THE APPROPRIATE INITIAL VALUES IN THE Y AND F MATRICES. .. . .

Y COUNT = COUNT + 1§

ISUB = 4 ~ COUNT
DO 525 J=31,3
Y(ISUB,J) = YR(J)
CALL RHS(YR., YRS)
DO 530 K=1,3
FOISUB, K)=YRS(K)

c....... PRINT SOLUTIONS WHEN X EXCEEDS DISTA. . ... ... ....... ... ... .....

Cuans
600

C

CHénn
710
711

712

IF (X LE.DISTA) CO TO 540

IF (COUNT.LE. 3) @O0 TO 540

CALL CDNT(C,YC,Y,0,IC, 2 ,ALF21,Y(1,2),Y(1,3), ZCON)

IF (COUNT. 6T . 3) WRITE(3, 718) X, (Y(1,J),J=1,3), (YC(K), Keel, 6)
... IF X EXCEEDS DISMAX. TERMINATE THE INTEGRATION................
IF (X. GT. DISMAX-H/2. ) QO TO 560
.. CALL RUNGE OR HAMING TO INTEGRATE ACROSS THE NEXT STEP. ... ..

IF { COUNT.LT. 3) 60 TO 510
. CALL HAMING. . . . e e
DO 550 K=1,3

YR(K)=Y(1,K)

CALL RHS(YR, YRS)

DO 555 K=1,3

F(1,K)=YRS(K)

IF (M. EG. 1) GD TO 545
... INCREMENT STEP COUNTER AND CONTINUE INTEGRATION.. . ......... ..
COUNT = COUNT + 1

0 TO 535

CONTINUE

FORMATS FOR INPUT STATEMENTS 300000890 3000 00030 0 0 3040 30 00 3 30 36 403 00 00 4590 453040 6 0 30 44 S 44
FORMAT (3A4)

FORMATS FOR OQUTPUT STATEMENTS 5555895 530 000 004000 30395000040 30000 30000 3000 0 0 96 90 3 3

FORMAT(1H1, 9H TITLE= , 10A4.8H DATE= ., 5A4,//)

FORMAT (30HO METEOROLOGICAL CONDITIONS//7X. 22H0 BAROMETRIC PRESS
1URE=, F7. 3, 2% MM HGQ AIR TEMPERATURE=,F35. 1, 6H DEG R/7X, 2240 AVER
2AGE WIND SPEED=, Fé6. 2, 25H M/S AT REFERENCE HEIGHT=.F7. 2, 2H M/

3 7x, 22H0 WIND EXPONENT=,FS. 2/
4 7X, 22H0 TURBULENCE LEVEL=.F&6. 2/7)

FORMAT (28H VAPOR VENTING CONDITIONS//

17X, 22HO VENT DIAMETER=,Fé6. 2, 7H METERS , /
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7%, 22H0 VENT HEIGHT=,F6. 2, 23H METERS ABOVE THE DECK ./

-
3 7X, 22H0 DECK HEIJGHT=,F& 2,24H METERS ABOVE THE WATER .//
4 7X, 22H0 EMITTED VAPOR=, 2, 5AA4, /
O 77X, 22H0 MOLECULAR WEIGHT=,Fé& 2,24H OF GAS AND AIR MIXTURE ./
& 7X,22H0 VENT CONCENTRATION=,E10. 3, 104 KG/ (M*%3) , //
77X, @2HO VENTING FLOWRATE=,F& 0, 10H (M##%3)/HR, /
& 7X, 22H0 VENTING VELOCITY=,Fé. 2, 6H M/SEC 11 )

7i3 FORMAT(61H VALUES OF CONCENTRATION CHOSEN FOR CONCENTRATION CON
1TOURS/ /.
< 7X, 10HO Cl =,E10 3, 10H (KG/M#x3) ,/
2 7X,10HO C2 =,E10. 3, 10H (KG/M*%3) ,/
4 7X, 10HO C2 =,E10. 3, 10H (KG/M¥%3) ,/
D 7X. 10HD C4 =,E10 3,10H (KG/M%x3) ,/
& 7%, 10HO CS =,E10. 3, 10H (KG/Mxx3) ,/
7 7x. 10HD Cé =, E10. 3, 10H (KEG/Mex3) |, /
& 77X, 29H0 PREDICTED FOR A HEIGHT OF, F& 3 . 24H METERS ABOVE DECK
TLEVEL /7))

714 FORMAT (J0OH NUMERICAL INTEGRATION DATA//7X, 14HO STEP S1ZE=.F7
14, 38H METERS, MAY. IMUM DOWNWIND DISTANCE=,F7. 2, 7H METERS/)

71% FORMAT(1H1, 56M BEGIN PLUME COMPUTATION THROUGH THE AIR ABOVE THE
1DECK/ 1HO, 4H S, 7%, BHXCL, 6X. 3HZCL., 7X, 3HCCL., BX, SHCZCON. 6X, 4HXCON, 3X
e, 60HYC] Yyce YC3 YCca Y5 YC&6 B Us THETA/1
3M , 120H METERS METERS METERS KG/M*3 KG/M#x3 METERS
AMETERS METERS METERS METERS METERS METERS METERS M/S RADJIAN/)

716 FORMAT(/F7.2,.2(2X,F7.3),2(2X,E10. 4}, 1X,F7. 3, 71X, F6.3),2(3X, Fb6. 3))

737 FORMAT(//43H CONTINUE PLUME COMPUTATION ALONG THE DECK//98H X(MET

1ERS) CA(KG/M3) SIGMAY (M) SIGMAZ(M) Y1 (M) Y2(M) Y3(M Y
24(M) YS (M) Y6 (M) )

718 FORMAT(F7. 2, 3X,F9 &, 1X,F7.3,7(3X, F7. 3))

719 FORMAT (63H VALUES OF CONCENTRATION FOR FLAMMABILITY AND HEALTH
1HAZARDS , //
e 7X, 35H0 UPPER FLAMMABLE LIMIT (UEL) =,E10. 3, 10H KG/(M%x3) ,/
3 7X, 35H0 LOWER FLAMMABLE LIMIT (LEL) =,E10 3, 10H KG/ (M®#3) ,/
4 7X,35H0 SHORT TERM EXPOSURE LIMIT (STEL)=,E10. 3, 10H KG/(M%x3) ,/
S 7X, 35HO THRESHOLD LIMIT VALUE (TLV) =,E10. 3, 10H KG/ (M%%3) , /
& 7X, 35H0 ODOR THRESHOLD (ODOR) =,E10. 3, 10H KG/(M=*x3) //)

720 FORMAT(7H AT X= ,Fé& 3, 16H METERS, AND Y= ,Fé6. 3, 37H METERS, THE PR
JEDICTED CONCENTRATION=,EI12 &, 9H KG/Mxx3 )

788 FORMAT (/)

705 FORMAT (66H GRAPH OF PLUME CENTERLINE CONCENTRATION VERSUS DOWNWIND
1 DISTANCE )

726 FORMAT (S55H O ORDINATE IS PROPORTIONAL TO LOG(CONCENTRATION)

17 S55H O ABSCISSA IS5 PROPORTIONAL TO DISTANCE ,
o v/ S5H TABLE OF CORRESPONDING VALUES ,
d 7 55H VALUE X (METERS) Y (KG/M#%3) Y(PPM) )

730 FORMAT(4X,F4 1, 10X, Fé6 1,7X,E10 3,4X,.F9.0)
731 FORMAT(75H GRAPH OF VAPOR CONCENTRATION AT MAN BREATHING HEIGHT VS

1] DOWNWIND DISTANCE )
732 FORMAT(77H GRAPH OF VAPOR CONCENTRATION CONTOURS AT MAN BREATHING

1 HEIGHT ABOVE THE DECK )
733 FORMAT(71H O ORDINATE IS PROPORTIONAL TO DISTANCE IN THE CROSS-
1WIKD DIRECTION .,/

e 7iH 0O ABSCISSA IS PROPORTIONAL TO DISTANCE IN THE DOWNST
3REAM DIRECTION ., //
4 71H TABLE OF CORRESPONDING VALUES CONCENTRA
STION CONTOURS , 7/
6 7aH VALUE X (METERS) Y (METERS) SYMBOL ¢

7PPM)  (KG/M#%3) )
734 FORMAT(4X,F4.1,10X,F6. 1,8%, F6 1.8X,A4,F10 2,E10.3)
800 CONTINUE
TYPE #. ' PREPARING PLOTS OF CONCENTRATION DISTRIBUTION °
IMA= ]A
CMN= AL OG (RDVAP /1000000 )
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SO N

C...... SET VALUES FOR YMAX AND VMIN FOR THIS CALL TO PLOTS.. . ... .. .. ..
YMAX=C 300
YMIN=CMN _
CALL PLOTS(DIS, 30, IMA, XAXIS. CON., 5, 5, YAX1S, YMAX, YMIN)
WRITE(3, 724)
WRITE(3. 725)
WRITE(3, 726)
DO 820 I=0,10
ACOR= I#0. 3
XPR = DIS(1) + ACOR#(DISMAX-DIS(1))
CXP = CMN + ACOR#(C100~CMN)
CPR = EXP(CXP)
CPPM= CPR#1000000. /ROVAP
WRITE(3, 730) ACOR. XPR, CPR, CPPM
120 CONTINUE
€ . .. SET VALUES FOR YMAX AND YMIN FOR THIS CALL TD FLOTS.......
YMaY=C100
YMIN=CMN
CALL PLOTS(DISB, 30, IMA, XAXIS, CONB, 5, 5, YAX1S, YMAX, YMIN)
WRITE(3, 724)
WRITE(3, 731)
WRITE(3, 726)
DO 830 1=0,10
ACOR= 10 1
XPR = DISB(1) + ACOR*(DISMAX-DISB(1))
CXP = CMN + ACOR#(C100~CMN)
CPR = EXP(CXP)
CPPM= CPR+#1000000. /ROVAP
WRITE(3, 730) ACOR. XPR, CPR, CPPM
830 CONTINUE
c ... .. SET VALUES FOR YMAX AND YMIN FOR THIS CALL TO PLOTS. . ............
YMAX=O. 5#DI1SMAX
YMIN=0. O
CALL PLOTS(DISC, 30, IMA, XAXIS, CONC, &, &, YCONC, YMAX, YMIN)
WRITE(3, 724)
WRITE (3, 732)
WRITE (3, 733)
DO B4G 1=0, S
ACOR= 1#0. O
XPR = DISC(1) + ACOR#(DISMAX-DISC(1))
YPR = 0. 5%#ACOR* (DISMAX)
IP = 1 + |
CPPM= C(IP)#1000000. /ROVAP
WRITE(3, 734) ACOR. XPR, YPR, YCONC(IP), CPPM, C(IP)
#40 CONTINUE
841 TYPE «. ’ DO YOU WANT TO RUN ANOTHER CASE (Y,N)? *
READ (S, 850) IDO
8450 FORMAT (A2)
IF (IDO. NE. i HN. AND. IDO. NE. 1HY)GO TO 841
IF(IDO. EG. 1HN)GO TO 1000
C....... PREPARE TO RUN ANOTHER CASE. . .............. o
TYPE %, * ¢
TYPE #, ’ PREPARE TO ENTER INPUT DATA REGUIRED BY THE PROGRAM *
TYPE », * ¢
G0 TO 1
1000 CONTINUE
END
(
INTEGER FUNCTION HAMING( N, Y.F, X, h, TE)
Co##=FUNCTION HAMING IS TAKEN FROM @APPLIED NUMERICAL METHCDSE BY
Co#s B CARNAHAN, H A LUTHER, AND J. 0. WILKES, PUBLISHED BY J. WILEY
Ce#e AND SONS, INC. 1969. PAGES 401 TO 402.
¢
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HAMING INPLEMENTS HAMMINGE@S PREDICTOR-CORRECTOR ALGORITHM TO
SOLVE N SIMULTANEOUS FIRST~ORDER ORDINARY DIFFERENTIAL

EQUATIONS. X 1S THE INDEPENDENT VARIARLE AND H ]1& THL
INTEGRATION STEPSIZE THE ROUTINE MUST BE CALLED TWICE FOR
INTEGRATION ACROSS EACH STEP ON THE FIRST CaALL. 1T IS ASSUMED
THAT THE SOLUTION VALUES AND DERIVATIVE VALUES FOR THU N
EGQUATIONS ARE STORED IN THE FIRST N COLUMNS OF TME FIRSTY

FOUR ROWS OF THE Y MATRIX AND THE FIRST THREE ROWS OF THE F
MATRIX RESPECTIVELY THE ROUINE COMPUTES THE N PREDICTED
SOLUTIONS YPRED(J), INCREMENTS X BY H AND PUSHES ALL

VALUES IN THE Y AND F MATRICES DOWN ONE ROW. THE PREDICTED
SOLUTIONS YPRED(J) ARE MODIFIED, USING THE TRUNCATION ERROR
ESTIMATES TE(J) FROM THE PREVIOUS STEP, AND SAVED IN THE FIRST
ROW OF THE Y MATRI). HAMING RETURNS TO THE CALLING PROGRAM WITH
THE VALUE 1 TC INDICATE THAT ALL DERIVATIVES SHOULD BE COMPUTED
AanD STORED IN THE FIRST ROW OF THE F ARRAY BEFORE THE SECOND !
LALL 1S MADE ON HAMING ON THE SECOND ENTRY TO 1HE FUNCTION

(DETERMINED BY THE [LOGICAL VARIABLE FRED), HAMING USES THE !
HAMMING CORRECTOR TO COMPUTE NEW SOLUTION ESTIMATES, ESTIMATES H
THE TRUNCATION ERRORS TE(.) FOR THE CURRENT STEP, IMPROVES |
THE CORRECTED SOLUTIONS USING THE NEW TRUNCATION ERROR i
ESTIMATES. SAVES THE IMPROVED SOLUTIONS IN THE FIRST ROW OF THE
Y MATRIx. AND RETURNS TO THE CALLING PROGRAM WITH A VALUE 2 T0
INDICATE COMPLETION OF ONE FULL INTEGRATION STEP

LOG1CAL PRED

DIMENSION YPRED(20), TE(N). Y(4,N), F(3,N)

DATA PRED s TRUE /

OO N OO0 00000

- . e e

Z IS CALL FOR PREDICTOR OR CORRECTDR SECTION .
IF (. NOT PRED) 60O TO 4

PREDICTOR SECTION OF HAMING . . .
COMPUTE PREDICTED Y(J) VALUES AT NEXT POINT
DO I J=1.N
] YPRED(J)Y = Y(4,.)) + 4 #Hr (2 #F(1,J0) - F(2,J) + 2. #F(3,))/3

[oNaNe]

UPDATE THE Y AND F TABLES
DO 2 J=i, N
DO 2 K5=1,04
K =5 - KU
YK, J) = YIK-1, J)
e IF (K LT 4) FIK, ) = F(K-1,U)

oy

MODIFY PREDICTED Y(J) VALUES USING THE TRUNCATION ERROR
ESTIMATES FROM THE PREVIOUS STEF. INCREMENT X VALUE
DO 3 J=1,N
o Y(1,J) = YPRED(J) + 112 #TE( /P
X = X + H

leXaRel

v

C SET PRED AND REQUEST UPDATED DERIVATIVE VALUES ... . .
PRED = FALSE
HAMING = 1
RETURN

CORRECTOR SECTION OF HAMING
COMPUTE CORRECTED AND ITMPROVED VALUES OF THE Y(J) AND SAVE
. TRUNCATION ERROR ESTIMATES FOR THE CURRENT STEP ... ..
q DO 5 J=1,N
Y1, ) = (9 #Y (2, =Y (4,J) + 3 #H#(F (1, J)+2 #F{Q2,J)-F(3,J)))/8
TE(J) = & #(Y(" J) - YPRED(J))/12]).
Y(1,J) = Y(1,9) = TE(D)

oNeoNo Rl

.
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SET PRED AND RETURN WITH SOLUTIONS FOR CURRENT STEP ... . .
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PRED = . TRUE.
HAMING = 2
RETURN

END

INTEQER FUNCTION RUNGE (N, Y.F., X, H)

C+#+FUNCTION RUNGE 1S TAKEN FROM @APPLIED NUMERICAL METHODSE RY
CH#es:

Cee# AND SONS. INC. 1969. PAGES 374 TO 375.

OO OOONONNDOOOND
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. CARNAHAN, H A LUTHER, AND J. 0. WILKES, PUBLISHED BY J WILEY

THE FUNCTION RUNGE EMPLOYS THE FOURTH-ORDER RUNGE~KUTTA METHOD
WITH KUTTA®S COEFFICIENTS TO INTEGRATE A SYSTEM OF N SIMULTAN-
EOUS FIRST ORDER ORDINARY DIFFERENTIAL EQUATIONS F(J)=DY(J) /DX,
(J=1,2,....N), ACROSS ONE STEP OF LENGTH H IN THE INDEPENDENT
VARIABLE X, SUBJECT TO INITIAL CONDITIONS Y(J), (J=1,2,...,N).
EACH F(J), THE DERIVATIVE OF VY(J), MUST BE COMPUTED FOUR TIMES
PEZR INTEGRATION STEP BY THE CALLING PROGRAM. THE FUNCTION MUST
BE CALLED FIVE TIMES PER STEP (PASS(1)...PASS5(5)) S0 THAT THE
INDEPENDENT VARIABLE VALUE (X) AND THE SOLUTION VALUES

(Y(1) . Y(N)) CAN BE UPDATED USING THE RUNGE-KUTTA ALGORITHM.

M 1S THE PASS COUNTER. RUNGE RETURNS AS ITS VALUE 1 TO

SIGNAL THAT ALL DERIVATIVES (THE F(J)) BE EVALUATED OR O TO
SIGNAL THAT THE INTEGRATION PROCESS FOR THE CURRENT STEP 1S
FINISHED. SAVEY(J) IS USED TO SAVE THE INITIAL VALUS OF Y(J)
AND PHI(J) IS THE INCREMENT FUNCTION FOR THE J(TH) EGJATION.

AS WRITTEN. N MAY BE NO LARGEKR THAN $0.

DIMENSION PHI(50), SAVEY(50), Y(N), F(N)
DATA M/O/

M=M=+ ]
GO0 TD (1.2,.3,4,5), M

... PASS )
RUNGE = J
RETURN

o PASS 2 ... ..
DO 22 J=}., N
SAVEY(J) = YU)
PHI(J) = F{U)
Y(J) = SAVEY(J) + O. 5%H#F(J)
X = X + 0. 5%H
RUNGF = ]
RETURN

. PASS 3 ... ..

DO 3% V= 1/N

PHI(J) = PHI(J) + 2 O#F ()
Y(J) = SAVEY(J) + O, S*H«&F(J)
RUNGE = 1

RETURN

S PASS 4 . ..

DO 44 U= ). N

PHI(JU) = PHI(J) + 2 O#F(J)
Y(J) = SAVEY(J) + H#*F (J)

X = X + O O#H

RUNGE = |

RETURN

ASS O
= J,N

. P
DO 55 Vv




S5 Y(J)Y = SAVEYI(J) + (PHI(J) + FIIFEH/E O

M= 0

RUNGE = G

RETURN

END
¢

REAL FUNCTION SIMUL (N, A, %, EPS, IND1IC, NRC)
Cx#xFUNCTION SIMUL IS TAKEN FROM @APPLIED NUMERICAL METHODSE BY
Cr¥x B CARNAHAN, H A LUTHER, AND J 0. WILKES. PUBLISHED BY J. WILEY
Cx#¥ AND SONS, INC. 1969 PAGES 290 TD 291.
¢
WHEN INDIC IS NEGATIVE, SIMUL COMPUTES THE INVERSE OF THE N BY
N MATRIX A IN PLACE. WHEN INDIC IS ZERQO, SIMUL COMPUTES THE
N SOLUTIONS X<(1). . X(N) CORRESPONDING TD THE SET OF LINEAK
EGUATIONS WITH AUGMENTED MATRIX OF COEFFICIENTS IN THE N BY
N+1 ARRAY A AdD IN ADDITION COMPUTES THE INVERSE DOF THE
COZFFICIENT MATRIY IN PLACE AS ABOVE IF INDIC IS POSITIVE,
THE SET OF LINEAR EQUATIONS IS SOLVED RUT THE INVERSE 1S NDT
COMPUTED IN PLACE THE GAUSS-JORDAN COMPLETE ELIMINATION METHOD
1S EMPLOYED WITH THE MAXIMUM PIVOT STRATEGY. ROW AND COLUMN
SUBSCRIPTS OF SUCCESSIVE PIvVOT ELEMENTS ARE SAVED IN ORDER IN
THE IROW AND JCOL ARRAYE RESPECTIVELY. K IS THE PIVOT COUNTER,
PIVOT THE ALGEBRAIC VALUE QF THE PIVOY ELEMENT. MAX
THE NUMBER OF COLUMNS IN A AND DETER THE DETERMINANT OF THE
COEFFICIENT MATRIX. THE SOLUTIONS ARE COMPUTED IN THE (N+1) TH
COLUMN OF A AND THEN UNSCRAMBLED AND PUT IN PROPER ORDER IN 1
X(1) . X{N) USING THE PIVOT SUBSCRIPT INFORMATION AVAILABLE
IN THE IROW AND JCOL ARRAYS. THE SIGN OF THE DETERMINANT IS .
ADJUSTED. 1F NECESSARY, BY DETERMINING IF AN ODD OR EVEN NUMBER
OF PAIRWISE INTERCHANGES 1S REGQUIRED TO PUT THE ELEMENTS OF THE
JORD ARRAY IN ASCENDINE SEQUENCE WHERE JORD(IROMW(I)) = JCQL(1)
IF THE INVERSE 1S REGUIRED, IT IS UNSCRAMBLED IN PLACE USING
Y(1) . Y(N) AS TEMPORARY STORAGE THE VALUE OF THE DETERMINANT
IS RETURNED AS THE VALUE OF THE FUNCTION. SHOULD THE POTENTIAL
PIVOT OF LARGEST MAGNITUDE BE SMALLER IN MAGNITUDE THAN EFS,
THE MATRIX IS CONSIDERED TO BE SINGULAR AND A TRUE ZERO IS8
RETURNED AS THE VALUE OF THE FUNCTION.

TOYONO

T OOO0O00a0ON OO0 00N NN

DIMENSION IRDW(15), JCOL(15), JORD(19),Y{15), ACNRC, NRC), X(N)

MAX=N
IF (INDIC. GE.O) MAX=N+{

C BEGIN ELIMINATION PROCEDURE
DETER=1
DO 18 K=1.N
KM1=K-1

c ... SEARCH FOR THE PJIVOT ELEMENT
PIVOT=0

DO 11 I=1,N
DO 11 J=1,N
C . SCAN IROW AND JCOL ARRAYS FOR INVALID PIVOT SUBSCRIPTS. ..
IF (K.EQ 1 GO TO %
DO 8 ISCAN=1, KM}
DD 8 JSCAN=1, KM1
IF (I.EG IROW(ISCAN)) €D TO 11
IF (J EQ JCOL(JSCAN)) GO TO 11
@ CONTINUE
¥ IF ( ABS(A(I.J))). LE. ABS(PIVGT)) 60 TO 1%
PIVOT=A(I, )
IROW(K) =1
JCOL (K)=.
11 CONTINUL
C . INSURE THAT SELECTED PIVOT 1S LARGER THAN EPS.
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CONT INUE

SIMUL=DETER
RETURN

DO 27 I=1,N
JCOLI=JCOL(I)
Y(JCOLI)=A(JROWI, J)
DO 28 I=1.N

A(I, J)=yY(D)

DO 30 I=1.N
DD 29 J=i.N

SIMUL=DETER

o sremremmee R —

IF ( ABS(PIVOT) CT. EPS) GO TO 13
WRITE(3. 202)
SIMUL=0

RETURN

.. UPDATE THE DEYERMINANT VALUE. .
IRDWK=IROW(K)

JCOLK=JCOL (K)
DETER=DETER%P IVOT

... NORMAL1ZE PIVOT ROW ELEMENTS. .

DO 14 J=1, MAX
ACIROWK, J)=A(IROWK, J) /PIVOT -

... CARRY OUT ELIMINATION AND DEVELOP INVERSE. .

A(IROWK, JCOLK)=1. /PIVOT
DO 18 I=i,N
ATJCK=A(T, JCOLK)

IF (1. EQ IROWK) GO TO 19
ACL, JCOLK) = —-A1JCK/PIVOT

DO 17 J=1,MAX

IF (J.NE JCOLK) A(I, J)=ACI, J)~AIJCK*A(TROWK, J)

& CONTINUE

... ORDER SOLUTION VALUES (IF ANY) AND CREATE JORD ARRAY..

DO 20 I=1,N

IROWI=IR0OW(1)
JCDOLI=JCOL (1)

YJORD(IROWI )=yCOLI

IF (INDIC GE. 0) X(JCOLI)=A(IROWI, MAX)
.. ADJUST SIGN DF DETERMINANT. .
INTCH=0

NM1=N-1
DO 22 1=1,NM2

IPiI=J41

DO 22 U=IP1, N

IF (JORD(J) GE. JORD(I)) &0 TO a2

JTEMP=JORD(J)
YORD(J)=JORD(I)
JORD(I)=JTEMP

INTCH=INTCH+1

IF (INTCH/2#2.  NE. INTCH) DETER=-DETER
... 1F INDIC IS POSITIVE RETURN WITH RESULTS. .
IF (INDIC. LE O) G0 TO 26

.. IF INDIC IS NEGATIVE OR ZERO, UNSCRAMBLE THE INVERSE
FIRST BY ROWS. .

IROWI=IROW(I)

... THEN BY COLUMNS. ..

IROW=1ROW ()
JCOL U=JCOL (W)
Y(IROWJ)=A (1, JCOLJ)

ACT, V=YD
.. RETURN FOR INDIC NEGATIVE OR ZERO. ..

RETURN

c-11




202 FORMAT(37HOSMALL PI1VDT ~ MATRIX MAY BF STNQUL AKR)
END

SUBROUTINE RHS(Y, )
DIMENSION Y(6),A(5, 5),D(1,4),C(4),D(3)
COMMON/PHYS/DCDR, EPS, UPR 1., ROA, ROE, G, ALF. TAU, U310
COMMON/CONS/ IDECK, AF1, AF2, AF21, BTA, DLA, BT1, DBA. BM1, GAM
COMMON/DAT1/80, VD, VH, ZDECK, ZREF, UR
Cxxs: TEST IDECK
C IDECK=1, PLUME CENTERL INE ABOVE DECK...USE OOMSE€ EQUATIONS
C IDECK=0, PLUME 1S ON THE DECK...USE TE RIELE&S EQUATIDNS
IF (IDECK EG. 0) €0 TO 100
Cr+er  (Q0OMS EQUATIONS FOR GAUSSIAN PROFILES AND VARIABLE DENSITY
ST= SIN(Y(4))
ST2=5T+#ET
CT= CUS(Y(4))
CTa=lTwlT
UA=UR+ ((Y(6)+IDECK) /ZREF ) #+ALF
Ua2=UA+UA *J
UACT=UA®CT '
UAST=UA+ST
Y12=¥Y{1)#Y (D)
Y33=Y(IIxY ()
ROC=Y{1)/DCDR
ROCA=RIC/ROA
AC1=0 772699#UACT+0. 412442+Y(3)
AC2=(1. 043144+UACT + 0. 555679+Y(3))/ROA
AC3=(1. 043144#UACTH#UACT + 1. 113993#UACT#Y(Q) + 0. 363346%Y33)/R0OA
AMI=2 #UACTH#UACT + 1. 729329%UACT#Y(3) + 0. 490842%#Y3R
AMR2=Y(2)# (1. 729329+UACT+0. 981684+Y (3)+ROCA# (1 113593#UACT
] +Q 7266924Y(3)))
Cex¥1- CONSCERVATION OF SPECIES
A(l, 1))=Y (2)#AaC]
All, 2)r=2 ¥Y(1)#AC1
601, 3)=0 412442%V12
A(l. 4 y==0 7726998Y124UAST
Avl, 5)=0
Crer CONSERVATION OF MASS
ALZ 1))=Y (2)%AC2/DCDR
A2, 2)=2 «(2 #*UACT + 0. B6ALES+Y(3) + ROCHAC)
Al2, 3)=Y(2)%(0 BLALES + 0 556796#R0OCA)
A(2,8)=Y(2)%UAST#(~2 =-1. 043144%#R0OCA)
A(2,5)=2 *(0. 057+ ABS(Y{(3)) + 0. 5#UACT+ ABS(ST) + UPRI])
Cwer  CONSERVATION OF X—-MDMENTUM
A(3, 1)1=Y(2)%ACI3I*CT/DCDR
A(J. 2)=2 #(AM1 + ACJ3#ROC)*CT
A3, 3)=CT*AM2
A(3, A=Y (2)%8Te (-6 #UACT#UACT~3. 458658+#UACT#Y (3)-0. 490842+Y32
1 —~-ROCA+#(3 1294324%UACT#UACT+2 227186%UACT#Y(3)+0. 363346%Y33))
A3, S =UA®A(Z, 5)+0 3#UA2+ ABS(ST#ST#S5T)
CHet  CONSERVATION OF Y-MOMENTUM
Al8, 1)=Y(2)#ST»AC3/DCDR
A4, 2)=2 ®STe#(AML + AC3#ROC)
A4, 3)=STeAMZ
A4, 4 =Y (2)%(2. #UA2%CT% (1. ~3 #ST2)+1. 729329#UAY(3)#(CT2-ST2)
+0. 490842+Y33#CT + ROCA#(1. 043144*UA2#CTx(]. -3, #5T2)
+1 113593#Y(3)#UAR(CT2-ST2) + 0. 363346#Y33%CT)H)
IF (ST. LT . 0. ) 6D TO 40
S16=-1
G0 TO 45
40 S516=1
A5 CONTINUE
A(4, S)a~1 043144#ROCA#*Y(2)%C + SIG#D. Z¥UAST#HUASTHCT

s o i e e e
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SIMUL USED FOR MATRIX INVERSION
DETER=SIMUI_(4, A, C, EPS. 1., &)
RETURN
CONTINUE
TE RIELE@S EGUATIONS FOR PLUME DEVELOPMENT ALONG THE DECK
Y12=Y(1)#Y (D)
Y13=Y(1)#Y ()
Y23=Y(2)#Y(3)
MASS CONSERVATION EGUATION. YL=INFINITY
B!, 1)=Y23
B(1,2)=Y13
B(1,3)=AF1#Y}12
B(1,4)=0.
MASS CONSERVATION EGUATION, YL=Y(2)# 7071
B(2, 1)=0. 605009#Y23
B(&,2)=0. 1761274#Y13
B2, 3)=0. 605009+Y12#AF )
B{(2, 4)=~0. 4288819%DBA#BTA#Y13%#(Y(2)%*#BM1)
MOMENTUM CGNSERVATION EQUATION
CalL CSUM(Y (1), CSUML)
CL=(U10%U10/AF21)1#( (0. O1%Y(3) ) e®AF2)
Ch=Y12#TAU*CSUM1
B(3, 1)=CL#Y23
B(3,2)=CL%Y13
B(3, 3)=CL#Y12#AF21
B(3, 4)=CR
SIMUL USED FOR MATRIX INVERSION
DETER=SIMUL (3, B, D, EPS, 1., 4)
DO 110 I=1,3

CtIr=piI)
RETURN
END

SUBROUTINE CSUM(CA, SUM1)

THIS SUBROUTINE COMPUTES THE SUM OF A SERIES THAT ARISES IN
TE RIELE@S CONSERVATION OF MOMENTUM EQUATIDN.
COMMON/CONZ2/ROT

SUM=1.

I1=1

A=ROT#CA

XO=—1. %A

X1=1.

CONTINUE

X1=X1+X0

I=]+1

ANUM=1. /SORT(1. #1)

X=X1%#ANUM

SUM1=8UM+X

IF (ABS(X).LT. 0. 000001) €0 TO 3

SUM=SUM1

IF (1.67.50) €0 TO 2

@0 TO 1

WRITE(3, 10)

RETURN

FORMAT(37H NUMBER OF TERMS IN CSUM EXCEEDED 50)
END

SUBROUTINE CONT(CC, YC, Y, IDECK, INUM, PR, PS, S1GY, SIGZ, ZCON)
DIMENSION CC(9), YC(9),Y(4,6)

THIS SUBROUTINE COMPUTES THE CROSS-WIND LOCATIONS OF CONTOURS
OF CONSTANT CONCENTRATI ON® 400 300645 048 0 36 003 5600 90 90 0000 36 0008 36 30 3095 3 00 00 46 0 00 00 96 0 00 ¢
... VALUES OF CONCENTRATION MUST BE SPECJIFIED WHEN SUBROUTINE. ..
... INDAT 18 CALLED. IF NO CONTOURS ARE REQUIRED. THEN CONTROL.

Cc-13




C...... IS RETURNED TO THE CALLING PROGRAM. ... ... .. ..........
IF (INUM LE 0O) GO TO 950
DO 9 I=1, INUM

g YC(I)=0.

C
C FIRST TEST TO DECIDE WHETHER OOMS OR TE RIELES MODEL WILL BE USED
¢

IF (IDECK.EG O) GO TO 100
C ooMSe MODEL FOR CONCENTRATION PROFILE

25 = Y(1,6) - ICDN

I18G = IS%1S

YLMZ = 1 36#Y(1,2)%Y(1,2)
I15A = ZISG/YLM2

IF (254 @T.13.81) 60 TO 95
Il = y(l.6}) + ZCON

721Q = ZI1%71
214 = ZIQ/YLM2
DR = EXP(-ZISA) + EXP(-71A)

DO 90 I=1, INUM _
Ce#t TEST WHETHER CC(1) 1S GREATER THAN MAX CUINCENTRATION AT MAN HEIGHT
CRAT = CC(I)/(Y(1, 1)#DK)
1IF (CRAT GE. 1 0) G0 TO 90
Cess COMPUTE Y-LOCATIGN OF CONTOUR

YC8G = - YLM2 # ALOG(CRAT)
YC(1) = SQERT(YCSQ®)

0 CONTINUE

95 RETURN

160 CONTINUE
Ce## TE RIELE@S MODEL FOR CONCENTRATION PROFILE
Rv=1 /PR
ZPW=(ZCON/SIGZ) +#P&
IF (ZPW. GT 13 81) 6D TO 9%0
DO 900 I=3, INUM
C##+ TEST WHETHER CC(I) IS GREATER THAN CONCENTRATIDON AT MAN HEIGHT
CRAT = CC(I) /(Y (1, 1)#EXP(-ZIPW))
IF (CRAT.GE 1.0) GO TO 900
C#¥#  COMPUTE Y-LOCATION DF CONTOUR
YC(1) = S16Y * ((- ALOG(CRAT))#*#RV)
900 CONTINUE
250 RETURN
END

Cuuted SUBROQUTINE START 440389 3646 2 3550396 50 30 36 46 30 90 36 36 36 3630 3 40 36 36 36 3696 2 36 0096 336 3 33695 36 06 3 0906 3: 3¢
SUBROUTINE START(WMA, YR, WM)

c THIS SUBRDUTINE COMPUTES THE SET OF INITIAL OR STARTING VALUES
C OF PLUME RADIUS, PLUME TRAJECTORY AND PLUME ANGLE THAT ARE NEED-
c .FOR NUMERICAL COMPUTATION OF 0OOMS’ MODEL EGUATIONS. . S
C
REAL JAY
DIMENSION XOD(10), Z0D(10), PATHL(10), YR(6)
COMMON/DAT 1 /S0, VD, VH. ZDECK, ZREF, UR
COMMON/DAT2/PO. TO, UVENT, CO, UTLV, WMG
COMMON/DAT3/PVAP, DISTAN, DISMAX, GL, ZCON
C. . COMPUTE THE WIND SPEED AT DECK HEIGHT ABOVE THE GROUND. . .. .
o ZDECK = DECK HEIGHT, M. . . .. ... . . e
C ZREF = REFERENCE HEI1GHT FOR WIND SPEED PROFILE, M. ... .. o
c . . UR = WIND SPEED AT THE REFERENCE HEIGHT, M/S. .. ... .. .. .
UDECK=UR*(ZDECK/ZREF )%+ 14
c CALCULATE THE VAPOR CONCENTRATION FROM THE CHEMICAL VAPOR. . . . .
C. . .. PRESSURE AT ONE ATMOSPHERE. AND THE VALUE OF ATMOSPHERIC... . ...
c ... PRESSURE. . . . . . . . . e
CO=PVAP /760

CALCULATE THE MOLECULAR WEIGHT OF THE VAPOR AND AIR MIXTURE. ..

o]




C . . . WMG = MOLECULAR WEJGHT OF PURE CHEMIAL VAPOR. . . .............

c ... . WMA = MOLECULAR WEIGHT OF AIR. . ... ... S e
- WMU= (CO*WMG ) + (1-CO) #WMA
c ... CALCULATE THE JET MOMENTUM RATIO ...... ............ e
C ... .UVENT = JVELOCITY OF VAPOR/AIR MIXTURE FROM VEN1. ... ....... .
JAY= (WMJ/WMA ) # (UVENT/UDECK ) ##2.

C....... THE WAMOTANI AND GREBER CORRELATION 18 USED FOR THE INITIAL.
C....... PLUME TRAJECTORY. (Z/D)=AVH(X/D)*#BV. . . .. . ... .. ... . R
C ... ... . CALCULATE THE PATH LENGTH ALONG THE TRAJECTORY. ... . ...... ..

AV=EXP (. 405445+0. 131368+ALOG (JAY)+0, 054931# (ALDC(JAY) ) ##2)
IF (JVAY LT.10.) GO TO 4
BV=EXP (-0Q. 744691-0. 074525*AL0OG (JVAY) )
€0 TO 5
Bv=0 4
CONTINUE
ROW=0 B71667+. 1775#(UVENT/UDECK)
4 C . CALCULATE THE VALUE OF PATH LENGTH (X/D) THAT 1S NEEDED TO. . . .
T C . SATISFY THE CURVE LENGTH. . . . . . .. ...
. X0D (0)=0
20D (0)=0
PATHL (0)=0
I=0
10 I=1+1
. X0D(1)=X0D{(I-1>+0. 10
X Z0D(1)=AV#XOD (1) ##BV
1 PATHL (I)=PATHL(I-1)+SQRT((XOD(I)~-XOD(I-1))##2 +(2Z0D(I)-ZOD(I-1))#*
‘ 1%2 )
IF (PATHL (1) LT.ROW)CO TO 10
FXOD=XCD(1-1)+(XOD(Ii=XOD(I~1))*({ROW-PATHL (I-1))/(PATHL(1)-PATHL

LA B -]

- s ——

o 2(I-1) )

C ... CALCULATE THE INITIAL VALUE DF YR(5)=X BY MULTIPLYING XOD BY..
C ... THE VENT DIAMETER, VD. . . ... . .. .. ... i
C ... .. CALCULATE THE INITIAL VALUE OF YR(6)=Z BY MULTIPLYING ZOD BY..
c ... THE VENT DIAMETER. ZD. AND ADDING THE VENT HEIGHT ABOVE THE. ..
C . DECK, VH. . e
c ... CALCULATE THE INITIAL VALUE OF YR(4)=THETA, THE ANGLE OF THE. ..

: c...... PLUME AXIS WITH RESPECT TO THE HORIZON, AS THE INVERSE TANGENT.

' C . . LOF AVEBVRO/DI#R(BY—1. ). ..

i c ... CALCULATE THE INITIAL VALUE OF YR(3)=VELOCITY DEFECT, AS ......
... THE VALUE OF UVENT-UDECK#COS(THETA). .. ... ... .. ... .. .. ... ... ....
c.... ... CALCULATE THE INITIAL VALUE OF YR(2)=B. ... ... ... ... ... ... ... ...

YR(5)=FXOD#VD

YR (&) =AV# (FXOD%*#BV ) +VD+VH

YR(4)=ATAN(AV#BV&FX0OD+## (BV-1. 0))

YR (3)=UVENT~-UDECK#COS(YR(4))

YR(2)=0. 6597#VD/(SQRT(1. +1. 35*UDECK*COS(YR(4))/UVENT))

YR(1)=CO

RETURN

END
Cc
Cusasd SUBROUTINE INDAT 30505640 3045 05 303 303500 36 3 0030 36 40 35 06 3605 90 36 46 346 45 3090 46 300090 36 3000 9006 36 9 9696 96 9696 §

SUBROUTINE INDAT
c. ... THIS SUBROUTINE PERMITS THE USER TO FURNISH INPUT DATA IN AN. .
c.... ... INTERACTIVE MANNER. THE PROGRAM WILL IDENTIFY THE VARIABLE. .
c ... TO BE SPECIFIED, PROMPT WITH THE CURRENT DEFAULT VALUE, AND. .
c..... .. ASK THE USER IF THIS VALUE IS ACCEPTED. IF NOT THE PROGRAM. .
C ... _WILL ACCEPT A NEW VALUE INPUT BY THE USER. .. ........ . .......

REAL LEL., APLACE(10).ADATE(3).AGAS(S?
COMMON/DAT1 /S0, VD, VH, ZDECK, ZREF, UR
COMMON/DAT2/PO. TO, UVENT, CO, UTLV, WMG
COMMON/DAT3/PVAP, DISTAN, DISMAX. GL, ZCON
COMMON/DAT4/CC1, CC2, CC3, €CC4, CCS, CCH
COMMON/DATS/UEL, LEL, STEL, TLV, ODOR




COMMON/DAT &/APLACE, ADATE, AGAS
ENTER NAME OF VESSEL., PLACE OR DESCRIBING PHRASE. .. .. ... .......

.TYPE #, ‘' ENTER NAME OF VESSEL., PLACE OR DESCRIB]NG PHRASE '

TYPE «, (UP TO 40 CHARACTERS)

TYPE %, ° ‘

ACCEPT 101, (APLACE(J),J=1,10)

TYPE ®, /e ‘

.. ENTER NAME OF CARGO VAPOR OR GAS BEING EMITTED. ............ ....
TYPE +, ‘ ENTER NAME OF CARGO VAPOR OR GAS BEING EMITTED '

TYPE #, (UP TO 20 CHARACTERS)
TYPE %, * ¢

ACCEPT 102, (AGAS(J), Js1,5)

TYPE #, /. . ’

.. LIST DEFAULT VALUES FOR VENT GEOMETRY AND ASK WHETHER CHANGES.
. ARE REQUIRED .. S . o

TYPE ., ’ LIST THE DEFAULT VALUES FOR VENT GEOMETRY VARIABLES ’
TYPE 4,

TYPE #, ‘' VENT DIAMETER, VD, ‘2 VD, ° METERS ~

TYPE %, * VENT HEIGHT, VH, ‘v VH. * METERS ~

TYPE %, ' DECK HEIGHT, ZIDECK, ‘, IDECK, 4 METERS *

TYPE &, /' '

TYPE +, * DD YOU WANT TO USE ALL OF THESE VALUES (Y/N)7 ’

READ(5, 105)1D0 :
IF (IDO. NE. 1HN. AND. IDO. NE. 1HY)>GD TQ S f
IF(IDD. EG 1HY)GO TO 10 :

TYPE ., /. ... . ... .. s oS

.. VALUE FOR VENT DIAMETER, VD, IN METERS .........................
TYPE %, ‘ ENTER VALUE FOR VENT DIAMETER, VD. IN METERS. *

TYPE =, /

TYPE =, “ TYPICAL VALUES ARE .
’ 0.305 M (12 INCHES) ’
! 0.203 M ( B8 INCHES) ’
TYPE =, ' O 102 M ( 4 INCHES) '
CALL PROMPT (VD)
VALUE FOR VENT HEIGHT., VH, IN METERS .. . . . ..... . ...... ... ....
TYPE #, ' ENTER VALUE FOR VENT HEIGH1, VH, IN METERS.

TYPE #, '

TYPE +, ’ TYPICAL VALUES ARE. .. '

TYPE +. ° 1 GM (3 3 FT) ‘

TYPE &, ' 4.0 M (13.1 FT) ’

TYPE +, '’ & 1 M (20.6 FT), DR B/3 °

CALL PROMPT(VH)
VALUE FOR DECK HEIGHT, ZDECK, IN METERS.. ... ................ ..
TYPE %, ' ENTER VALUE FOR DECK HEIGHT, ZDECK, IN METERS. -

TYPE &, ‘ '/

TYPE #, * TYPICAL VALUES ARE. . !
TYPE &, ' 1.0 M (BARGE) !
TYPE =+, ' 6 1 M (SHIP) !

CALL PROMPT(ZDECK)

GO0 TO 5

CONTINUE

.. LIST DEFAULT VALUES FOR ATMOSPHERIC CONDITIONS AND ASK. . ... ..
.. WHETHER CHANGES ARE REQUIRED .. . ... ... .. ... ... . .... .
TYPE %, '/ LIST THE DEFAULT VALUES FOR ATMOSPHERIC CONDITIONS ~
TYPE +,

TYPE *, ° ATMOSPMERIC PRESSURE. PO, ‘PO, " MM HG
TYPE #, ‘' ATMOSPHERIC TEMPERATURE. TC. *»T0,’ DEG R ~
TYPE %, ‘ WIND SPEED, UR, ‘VUR, * M/S
TYPE %, ‘' REFERENCE HEIGHT. ZREF, ‘+ZREF, ' M/
TYPE #, ‘' WIND TURBULENCE LEVEL. UTLV. fSUTLVL. Y %
TYPE &, ' ~

TYPE +, ' DO YOU WANT TO USE ALL (F THESE VALUES (Y/N)7?
READ:5, 105)1D0




IF(IDO NE 1HN AND 1D0O. NE. 1HY)GO TO 10
IFCIDO & 1HY)GO TO 20

- 16 TYPE +, e

C ... VALUE FOR ATMOSPHERIC PRESSURE, PO, IN MM HG.. ... .. e
TYPE #, ° ENTER VALUE FOR ATMOSPHERIC PRESSURE, PO, IN MM HG ~
TYPE &, *~
TYPE «, ’ TYPICAL VALUES ARE. .. ’
TYPE #, 7650. PSIA ’
CALL PROMPT(FO)

C ... VALUE FOR ATMOSPHERIC TEMPERATURE. TO, IN DEG. RANKINE. ... .. . ..

TYPE #, ' ENTER VALUE FOR ATMOSPHERIC TEMPERATURE, TO. IN R ~
CALL PROMPT(TO)

C... .. .VALUE FOR REFERENCE WIND SPEED, UR, IN METERS/SEC.... . ... . .
TYPE +, ’ ENTER VALUE FOR REFERENCE WIND SPEED, UR, IN M/S ~
TYPE +, ~
TYPE «, ’ TYPICAL VALUES ARE. .. ‘
B TYPE +, 1.12 M/8 ( 2.5 MILE/HR) !
i TYPE +. 2.24 M/S ( 5 0 MILE/HR) !
k- TYPE +, 4.47 M/S (10. 0 MILE/HR) ‘
; TYPE +, - 6. 71 M/S (15. 0 MILE/HR) ‘
; CALL PROMPT(UR)
N ! C... ... .VALUE FOR WIND SPEED REFERENCE HEIGHT, ZREF, IN METERS. .. .
] ’ TYPE %, ' ENTER WIND SPEED REFERENCE HEIGHT. ZREF, IN METERS
4 TYPE &, !
TYPE %, ’ TYPICAL VALUES ARE. .. ~
TYPE #, 10 O M (32.8 FT) ‘
CALL PROMPT(ZREF)
c ... VALUE FOR WIND TURBULENCE LEVEL, UTLV, IN PERCENT..............
TYPE %, ° ENTER WIND TURBULENCE LEVEL. UTLV, IN PERCENT -
. TYPE =+, ‘
TYPE +, TYPICAL VALUES ARE. .. *

TYPE %, 207 (FOR ALL WIND SPEEDS) !

TYPE #, 307 (FOR VERY LOW SPEED OR QUSTY CONDITIONS) “
TYPE +, ~’ 07 (TO ESTIMATE INSTANTANEOUS PLUME BOUNDARY)
CALL PROMPT(UTLV)
G0 70 15
20 CONTINUE
TYPE +, ’
C.. ... LIST DEFAULT VALUES FOR PLUME VENT CONDITIONS. . ......... ... .
c ... . AND ASK WHETHER CHANGES ARE REQUIRED. .. . ... ............... S
29 TYPE *, * LIET THE DEFAULT VALUES FOR PLUME VENT CONDITIONS -
TYPE #, ’
TYPE #, ' CARGO LOADING RATE, GL, ‘,Ql, ¢ MEx3/HR
b UVENT= QL#*0. 0003536777/VD/VD
: TYPE &, ’ VENT VELOCITY, UVENT, ‘, UVENT, * M/S
TYPE #, * VAPOR MOLECULAR WEIGHT, WMG, ‘) WMG, 7 ‘
i TYPE #, ' CARGU VAPOR PRESSURE. PVAP, ‘v PVAP, ' MM HG
CO= ((PVAP/7460 Y14 7)#144 #UWMG#1&. 0522/ (1545#T0)
TYPE %, ‘ VENT CONCENTRATION, €O, »CO, * KG/Mun3
TYPE «, ~ ‘
TYPE %, ' DO YDU WANT TO USE ALL OF THESE VALUES (Y/N)7 '
READ(5, 105)1IDO
IF(IDO. NE. 1HN. AND. IDD. NE. 1HY)GD TO 25
IF(IDO. EQ. 1HY)GD TD