































































































































































































PROGRAM ORGANIZATION

MESOI Version 2.0 is a highly modularized, interactive, Lagrangian puff,
atmospheric transport diffusion and deposition model. It consists of a main
program, called MESOI, and 41 subroutines. The 41 subroutines can be divided
into four groups: 1) model initialization, 2) data input and output other
than initiatization, 3) transport, diffusion and deposition, and 4) general
utility. Data transfer between program elements is generally done through 12
labeled common blocks that contain related variables and constants.

User interaction, through a video display terminal, provides data for
model initialization and controls the output of MESO]l graphics products at
the end of each hour of a simulation. Meteorological data required by the
model are input through data files that are generated prior to running the
model. Primary model output is directed to disk files for later disposition
to printers and plotters, as appropriate. Limited alpha-numeric and graphi-
cal output is provided for alpha-numeric terminals, and all of the graphics
products prepared for a plotter can be viewed on a graphics display terminal,

MESOI and its subroutines are written in standard FORTRAN 77 with a
limited number of extensions. The most common extension is the use of
INCLUDE files (files having names xxx.INC) to incorporate the COMMON block
and the other specification statements associated with the variables in the
COMMON block into the program elements. This extension may be eliminated by
substituting the proper COMMON and associated type-statements in each element
where the INCLUDE statement occurs. The other non-standard aspects of MESOI
are generally related to communication between the computer and terminals.
The program elements in MESOI that generate graphics products make use of
CALCOMP commands. If other plotting devices are to be used with MESOI, it
may be necessary to change the commands.

The inter-relationships among the program elements and the COMMON blocks
are shown in Table 8. The subroutines are listed under program elements in
the order in which they are called. Indentation shows the Tayering of the
subroutines.

The total length of the MESOI Version 2.0 computer code is about 155,000
bytes. The actual memory requirement depends upon which of the diffusion
coefficient parameterizations is used. Distribution of the memory allocation
is approximately: 36,000 bytes for executable code, 24,000 bytes for local
data storage, and 95,000 bytes for storage of data in COMMON blocks,

The next six sections in Part Il describe MESOI, the subroutines in each
of the four groups, and the COMMON blocks. The major variables used in MESOI
are defined in the Appendix. The last section in this part discusses cus-
tomization of the MESOI code.
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TABLE 8. Inter-Relationships Between Program Elements and Common Blocks in
MESOI Version 2.0
PROGRAN COPMON BLOCKS
ELEMENT ARRIV__ CHAR _ CONST  DATIM  DECAY  4ATRIX __ PUFFS REL STATN . TDPOGR UNITS _ WINDS
MESQI XXX XXX XX XX KRX i XX XXX XX XL LAX
FILOPY b4 4
GRIDIN p3 44 [4.41 XXX
REARMG L4 1544
STRAY 1EX XXX XX
ASCND
TOPF L LX4 XXX
INIT LE 44 XX AX% XX XX L.41 E3 84 XX
JULIAN
LOCATE kXX
DATRD XX XX
DATWR AXX X1
WIND L4 44 XXX XX b4 ) LEX
SHIFT X% X
TERRA Xxx XXX [ 234
DIRSPD
ARRIVM X [244
RELEAS LY § XX XXX XX
JULIAN
ROKIN b3+ 4 XXy
LOCATE XXX
DATRD X XX
DATWR XXX Xy
WIKD X XEX p3.44 Xi XXX
TERRA 1444 Xix XXX
DIRSPD
ALPHA
WiNSPD XXX XX X
PLMRZ XXX XXX XXX LAX
PUFFR XXX XXX X X
PUFFM XXX XXX X4X XKX
BT0PO XXX
O[FDEP 6 S ¥4 XXX XX XXX XK XXX XXX
ROK XXX XXX
SIGMA
ARRTIM XXX XXX kXX X XX
PRINTE ja 44 53X XXX
TESTM XXX XXX
SHIFT XXX xx
CLEAN XX XXX
SCREEN XX XXX XXX XRX XXX
PLOTZ AAX XXX A L334 L34
OTCHAR
WNDFLD XX XXX XXX XXX XXX
DIRPSD
OTCHAR
WKOPLT b3 44 XX LAX XXX L%
ATCHAR
CXPSUM XX L3 41 XX
MODEND pe 34



MESO1, THE MAIN PROGRAM

MESOI is the main program. It controls model execution by calling the
subroutines in the proper sequence. As can be seen in Table 8, MESOI calls 29
of the model's subroutines directliy. It also has direct access to 11 of the
model's common blocks.

MESOI execution starts by printing a sign-on message on the user's
interactive terminal. When instructed to continue by the operator, it
automatically opens the files needed for data input and the output of model
results.

Once the necessary files are open, the program enters the outer loop of
four nested Toops. This loop starts with model initialization, When the
inftialization is complete, a bell is rung at the terminal and the model
begins the simylation. The simuylation is done in the inner three loops. The
outer of these loops proceeds in one hour time steps until the user elects to
stop the simulation or until 48 hours of simulated time have passed, The
next loop proceeds in steps that correspond to the time between puff releases
(advection period). The puffs are moved individually during an advection
period, The movement of puff during an advection period takes place within
the innermost loop., That loop contains the DIFQOEP subroutine called by
MESOI,

Figure 9 shows the structure of the MESOI main program, The three outer
loops are indicated by the left branches from the decision points marked:
More Advection Steps this Hour? More Hours? and New Simulation? The inner-
most loop is the left branch from the decision point marked: More Puffs?

The model initialization portion of MESOI includes the direct calls to
subroutines GRIDIN, TOPFIL, INIT, ARRIVN, and RELEAS. These subroutines call
other subroutines as indicated in Table 8. All of the subroutines that are
used in model initialization are described in the next section. However, it
should be noted that the left branch at "New Simulation?" is actually two
branches. One permits total reinitialization of the model, and the other
retains the previous grid and topographical initialization. In the latter
case, the reinitialization is more concerned with release points, sources,
effluents and critical receptors, It also includes positioning the model at
the appropriate position in the data files, Subroutines LQOCATE and DATRD are
used to position the files. All meteorological data used in the simulation
are written to disk files using subroutine DATWR.

Once the simulation starts, the model immediately moves to the first
advection period in the first hour. The appropriate meteorological data are
read, and the surface wind field is prepared using subroutines WIND and
TERRA. When the wind field is prepared, subroutines ALPHA, SPEED and PLMRIZ
are used to compute the effective release height for a puff, and the proper
attributes are assigned to the puff by subroutine PUFFR. Subroutine PUFFM
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determines the puff movements during the advection period. Subroutines
DTOPO, DIFDEP, RDK and SIGMA are then used in the actual transport,
diffusion, deposition and depletion computations. At the completion of these
computations, MESOI moves to the next puff., Puffs are moved in inverse
chronological order, i.e. the most recently released puff is moved first.

Time-integrated air concentrations and surface concentrations are accu-
mulated in DIFDEP as the puffs are moved during the advection periods. Only
after all puffs have been moved in an advection period do these accumula-
tions represent an estimate of the changes made during the period. At this
time the the time-integrated air and surface concentrations accumulated
during an advection period are added to the Tong term accumulations. The
addition of the advection period time-integrated air concentrations is a
simple arithmetic operation, but the addition of the surface concentrations
may involve decay and ingrowth, Figure 10 shows how decay and ingrowth are
treated in the accumulation of the long term time-integrated concentrations.

MESOI automatically writes both the advection period and long term
time-integrated air surface concentrations to disk files at the end of each
advection period. These files may be used to estimate average concentra-
tions. The user is also provided with a warning message if the
time-integrated air concentration at any of the checkpoints has risen above a
level of concern during the period. These features are provided by subrou-
tines PRINTE and ARRTIM, respectively.

If detailed output on each puff is desired at the end of the advection
periods, it may be obtained using subroutine TESTM,

When all puffs have been moved, MESOI goes to the next advection step.
The meteorological data are updated if new data are required, a new puff is
prepared for release, and the puff movement-computational cycle is repeated.
Updating the meteorological data involves moving wind and temperature data
from the coming data interval to the past interval using subroutine SHIFT,
and then reading new data for the coming periods using subroutine DATRD.

The computational cycle and model output are described in detail in
Tater sections,

At the completion of each simulated hour, MESOI provides the user with
an opportunity to view the intermediate results of the simulation, These
results may be directed to an alpha-numeric or graphics terminal or to files
to be plotted on a hard-copy plotter. At this point MESOI also evaluates
each of the puffs that are being followed, Puffs that are close together are
combined, and those with center concentrations that have fallen below a
minimum concentration of interest are deleted,

Subroutines involved in the output options at the end of each hour in-

clude SCREEN, PLOTZ, WNDFLD and WNDPLT. Subroutine CLEAN does the
house-keeping chores associated with deleting and combining puffs.

55



INCREASE oLD oLD INCREASE

N SURFACE SURFACE SURFACE N SURFACE
A A B B
A DECAY DURING B DECAY DURING
ADVECTION PERIOD ADVECTION PERIOD
) GROSS
RESIDUAL | [inGROWTH AESIDUAL LOST
A OF B & 8
Y
ADD INCREASE TO 8 DECAY DURING

RESIDUAL SURFACE

iR
CONTAMINATION INGROWTH

y 4

ADD INCREASI: AND
INGROWTH TO RIESIDUAL
SURFACE
CONTAMINATION

HEW
SURFACE

FIGURE 10. Decay and Ingrowth Scheme for Long-Term Time-Integrated Surface
Concentrations Quring Advection Periods

56



When 48 simulation hours have been completed, or the user elects to
bring the simulation to a close, MESQOI returns a summary of the conditions at
predefined checkpoints. The summary gives the times at which each of two
threshold time-integrated air concentrations have been estimated to have been
exceeded,

MESQI then requests instructions with respect to further simulations, If
further simulations are to follow, instructions are requested about reini-
tialization, If there are no further simulations, the MESOI requests
instructions regarding the disposition of the output files generated by the
model. Disposition options include saving, printing, printing then deleting
and deleting the files. The options available at the end of simulations are
provided by subroutine MODEND,

Program Listing 1 provides the MESQI computer code, The main program
and its associated common blocks require almost 98,000 bytes of memory, Of
this total, about 2100 bytes are used for storage of the executable code,
about 1000 bytes are used for local data, and about 94,600 bytes are used by
the common blocks.
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PROGRAM MESDI

C! EANEENS AR RARRRRREERAA AR R EEERRAF RS LR SRR RN RN SRR AR NSRS S TR

c MESDI

C Interactive Puff Ditfusion Model, Yeruion 2.0, June 1583

c

c Athey, G.F., J.¥. Ramsgeiil, C.S5. Glan-z

c Paclfic Morthwast Laboratory

c PO Box 999

c Pichland, Washington %9352

[

C Created: &/1/83

c Updatea:

c

c Dascription:

c This is the main controlling progam for the MESO! model.

c

c The programs have been written primarily in standara FORTRAN=TT.
c Documentation describes +the non-standard usages. Code develcpment
C was done on a ¥YAX 117760,

~

C Relatlonship to other modules:

c

G Makes calls to:  ALPHA, ARRI¥YM, ARRTIM, CLEAM, DATRD,

c OATWR, ODIFDEP, 1TOPO, EXPSUM, FILOPN,
c GRIOIN, INIT, LQCATE, MODEMD, PLMRIZ,
C PLOTZ, PRINTE, PUFFM, PUFFR, RELEAS,

c SCREEN, SHIFT, WINSPD, TERRA, TESTM,

¢ TOPFIL, WIND, WNOFLD, WHDPLT

c

c Called from: NOHE

c

CERRERREEEREA NN T T I NAIIE T T 60060 E A O A0 DD

{INCLUDE 'ARRIY, [NC*
INCLUDE fCHAR. |NC*

INCLUDE *CDNST. INC*
INCLUDE *DATIM, INC*
INQLUDE *DECAY. INC*
IHCLUDE *MATRIX, INC?
INCLUDE '*PUFFS. INCT
INCLUDE *REL . INC!

INCLUDE *TOPOGR, INC!
IRCLUDE *UNITS, INC?
INCLUDE TWINDS. INC*

INTEGER SHR
CHARACTER®1  {QPTIE)
C %% {5 SYSTEM CALLS T OBTAIN THE QURRENT DATE AMD TIME

CALL DATE (RDATE)
CALL TIHE (RTIHE)

WRITE {LUN(2),110) RTIME, ROATE
110 FORMAT (/////7, 15X, 'MESO] ~- INTERACTIVE PUFF DIFFUSION MOOEL',
+ /26X, 'WERSION 2.0 JUNE 19837, /26X, 'TIME = 1, AB,
+ J/2X, 'DATE = ', AS/4//)
PAUSE "TYPE C TO CONTINUE!

CALL FILOPH
WRITE {LUNMI5),110) RTIME, ROATE

Program Listing 1 MESOI
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C ¥+ DEFINE AND INITIALIZE GRID, TOPOGRAPEY, MODEL PARAMETERS,
C . CHECKPOINTS AND RELEASE

120 CALL GRIDIN (DELXY, NUMETA}
CALL TOPFIL (DELXY}
NXTDAY=0

130 CALL INIT {NUMSTA)

CALL ARRIVN {DELXY)
CALL RELEAS (DDARY, DHR)

c ** SEND BELL TO TERMIKAL AND INDICATE START

WRITE (LUN(1),140) *7, =7
140 PORMAT('+', SAl///)
PRINT *#, ' *** START SINUGLATION wh+!

C ** HOORLY LOOP FOR SIMULATION
LUINDX = 3
DO 400 SAR = 1, 48
DO 300 IADY = 1, WPH

IF (IADV .EQ. 1 .OR. INTFLG .EQ. 1} THEH
IF (LOINDX .EQ. 3} THER
IF (HXTDAY .EQ. 888} THEN
LUINDX = 4
CALL LOCATE {DYR,DDAY,DHR,DMIN,LERROR,LUINDX,INTFLG}
ENDIF
ENDIF

CALL DATRD (LUINDX, 5HR}

LDEPTH = LDEPTH * 10
TT = TEMPP
CALL DATWR

CALL WIRD (NUMSTA)
IF (TITLE{l) .NE, '*') CALL TERRA

IF (LDEPTH .GT. 800 .AND, ALPHPL .EQ. 1} THEN
CALL ALFHA (STAR, ALPHAU, ALPHAV)
ENDIF
ENDIF

TINC = (IADV-1) * ADT
DO 230 N5 = 1, NBOURC
IF (PUPLG(NS) .EQ. 1) GOTO 210
IF (RELDAY(NS) .NE. EREVDY) GOTQ 230

IF (RELHR(NS) .EQ. PREVHR .AND. PARTER(NS} .EQ. IADV} THEN
PUPLG(NE) = ]
WRITE (LUN{2},200) BS, PREVER, IADV
WRITE (LUN(5),200) N8, PREVHR, IADV

240 FORMAT (/S5X, 'SODRCE ', I1, ' POFF RELEASE FLAG 5ET ',
+ 'AT HOOR ', I2, ' ADVECTION STEP ', Il/)
ELSE
GOTO 230
ENDIF
210 IF (NPUPFSI(NS) ,LT. MAXPUF{N5)} THEN
PRISE = 0.0

IF (PLMRFL(NS) .EQ. 1) THENW
AIRT = T + {({(IADV - 1) * (T - TT) / NPH)

MESOI {cont'd)
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IF (STEMPC .GE. AIRT + 10.,) THEN
CALL WINBPD (NS, TINC, S5PD)
CALL PLMRIZ (NS5, AIRT, SPD, PRISE}
ENDIF
ENDIF
CALL PUFFR (NS, PRISE, LDEPTH}
ENDIF

230 CONTINUE

DO 250 m = 1, TPUFPS
IF (MP(M) .EQ. Q) GOTO 250

IP (XP(M) .LE. 0,0 ,OR. XP{M) .GT. 15.9) GOTO 240
IF (YP(M} .LE. 0.0 .OR. YP{M) .GT. 15.0) GOTO 240

CALL POPPM (M, TINC)
240 DS = SQRT(DXS5(M)**2 + DYS{M)**2)

IF {(TOPFLG .EQ. 1} THEHW
CALL DTORPO (XP(M}, YP{M), TPMI, DXS(M), DYS(M}, TPKF)
ENDIF

DSMTR = D3 * DELXY
CALL DIPDEP (M, DSNTR, TPMI, TPMF)
250 CONTIRUE

Do 2703 =1, 31
DO 260 T = 1, 31

AXPDPL(I,J} = AXPDPL(I,J) + AXPADV(I,J)

BXPDPL(1,J) = BXPDPLI(I,J) + BXPADV(I,J)

BDEPOS(I,J) = BRDEPQS(I,J) * BDECAL + ADEPROS{I,J) *

+ BINAS + BDPADV(I,J)

ADEPOS({I,J) = ADEPOE(I,J) * ADECA]l + ADPADV{I,dJ)
260 CONTINUE
270 CONTINGE

IF (ARRPFL .EQ. 1) CALL ARRTIM {TINC)
IF (TPUFFS .GT. 0) THEN

IPEOM = O
D0 310 M = 1, TPOFFS
IPSUM = IPSUM + MP (M)
310 CONTINUE

CALL PRINTE (E5HR, IADV, DDAY, DHR, DMIN, IPSUN, DPPLG}
ENDIF

IF (TITLE(1) .EQ. '*' _AKD. TPUFF3 .GT. 0)
+ CALL TESTM [(IADV, SBR, DELXY)

#% CLEAR THEE 15 MINUTE MATRIX ARRAYS

DO 290 J = 1, 31
Do 280 1 = 1,
AXPRADV (I, J)
BXPADV (I,J)
ADPADV (I, J)
BODPADV {I,J)
280 CONTINDE
290 CONTINUE
IF (IADV .BQ. RPH .OR. INTPFLG .EQ. 1) CALL SEIFT
300 CONTINUE

| B BB

MESOI (cont'd)
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Ir (TPOFPS .GT. 2*"NPH} CALL CLEARR
o CLEAR THE QUTPUT OPTION ARRAY

DO 320K =1, 6
IOPT{K) = ' !
320 CONTINUE

WRITE (LUM{2},330) 5HR, DDAY, DHR, DMIN, TPUFFS
WRITE (LUN(5),330) SHR, DDAY, DHR, DMIN, TRUFFS
3 FORMAT (/5X, 'END OF SIMULATION HOUR ', I3, 5X, 'DATA = DAY ',
L I3, ' TIME = ', I2, ':', I2, /7X, 13, ' POFFS ACTIVE'/)

340 WRITE (LUM(2),350)
350 FORMAT {/5X, 'SELECT OUTPCT OPTIONSE: § = SCREEN',

+ /29X, ' = FUPP PLOT',

+ /29X, 'W = WIND FIELD PLOT',

+ /29X, 'V = WIND VECTORS AT STATIONS',
+ //29%, 'T = TERMINATE')

READ (LUMW(1),360,END=340,ERR=340} (IOQOPT(K},K=~1,6)
3160 FORMAT (6Al)

00 370 K=1, 6
IP {(IOPT(K) .ME. ' ') THEN
IF (IOPT(X) .EQ. 'S' .OR. IOPT(K} .EQ. 's'}) THEN
CALL 9CREEN (SHR, IPSUM}
GOTO 370
ENDIP

IF (IOPT{R} .EQ. 'P' ,OR, IOPT(K)} .EDQ. 'p'l THEN
CALL PLOTZ
GOTO 370

ENDIF

IF (IOPT{K) .EQ. 'W' .OR. IOPT({K} .EQ. 'w') THEN
CALL WNDFLD
GOTO 370

ENDIFP

IF (IOPT{EK) .EQ. 'V' ,OR, IQOPT(K! .EQ. 'v') THEN
CALL WNDPLT
GOTO 370

ENDIF

IF (IOPT(K) .EQ. 'T' .OR. IOPM{EK) .EQ. 't') GOTO 410

ENDIF
70 CONTINUE

PRINT *, ' SIMULATION ACTIVE'
400 CONTLRUE

410 WRITE (LUN{1) ,420}
WRITE (LUN{5) ,420}

420 FORMAT {/5X, '*** SINULATION TERMINATED ***'///]
IF (ARRFL .EQ. 1) CALL EXPSUM (TITLE)
CALL MODEND {*120, *120, DPPLG)

MESOI {cont'd)
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MODEL INITIALIZATION SUBROUTINES

There are nine model initialization subroutines included in MESOI Ver-
sion 2.0, The initialization subroutines are listed in Table 9, along with
their memory requirements and purpose. The memory requirements are distri-
buted among executable code (CODE), local data {LOCAL DATA) and data in
common blocks (COMMON DATA). A more detailed description and the code for
each of these subroutines is presented in this section, The discussion
follows the order in which the subroutines are called.

GRIDIN

The GRIDIN module initializes the wind grid and establishes the stations
for which wind data are available, It is called from MESOI and requires user
interaction and a file defining the stations,

The module begins by specifying the default grid spacing (5000 m)
and aliowing the user to change it within limits (2.5 to 15 km). The
user is then asked to enter the name of the file containing the station data.
MESOI is confiqured to handle up to 30 stations. The data file is opened and
read. Each record defines a station by:

4 character station name

x distance in kilometers from grid center
y distance in kilometers from grid center
station elevation in meters

station status (0 if active; 1 if disabled)

After the file has been read, the coordinates are converted into grid units.
Active stations which are off the grid are disabled. The user display then
shows the list of stations which will be used in the simylation.

The user is then given the opportunity to edit the station list. The
status may be changed and stations can be added. The process can be repeated
until the user is statisfied with the station 1ist. When the Tist is
complete, GRIDIN calls REARNG to delete the inactive stations from the tist.

Program listing 2 contains the GRIDIN code.
REARNG
The REARNG module is called from GRIDIN if some of the station flags

have been set to inactive (STATUS = 1}. It deletes those wind stations from
the 1ist used in the wind field interpolation.

Program 1isting 3 contains the REARNG code
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TABLE 9, Model Initialization Subroutines

NAME

GRIDIN

REARNG

STRAY

ASCND

TOPFIL

INIT

ARRIVN

RELEAS

RDKIN

133

222

175

548

1327

13D6

3036

527

SIZE (BYTES)
LOCAL
DATA

2191

12

284

96

636

1020

9D7

2038

412

COMMON
DATA

735

671

25503

3912

88419

1624

1372

824

64

USE

Initialization of wind sta-
tion parameters, set up wind
stations for use in inter-
polation of surface winds,
initialization of time inte-
grated concentration, sur-
face contamination and wind
grids,

Deletes inoperative wind
stations from list.

Selects 10 wind stations
closest to each grid node.

Places 1D wind stations
closest to a grid node in
order by distance, c¢losest
first.

Initializes topography file
for diffusion computations,

Primary initializations of
the model, e.g. puff release
rate, deposition velocity,
washout coefficients, set
constants used in diffusion
and deposition computations,
enter title, date and time
for start of simulation,

Initialization of selected
check points for arrival of
puffs.

Input of information on re-
leases including: positions,
times, durations,
quantities, characteri-
stics.

Input of half-1ives of ef-
fluent and daughter, compute
constants for use in decay
and ingrowth calculations,



STRAY

This module sets up the station array for each grid point and is called
from GRIDIN.

First, the station number and a distance from the station to the grid
point are saved. This 1ist is then arranged in order of increasing distance
from the point by subroutine ASCND. The final 1ist of the stations to be
used in interpolation is then placed into arrays for later reference, This
sequence is repeated for each grid point,

Program l1isting 4 contains the STRAY code.

ASCND

The ASCND module takes the list of station numbers and distances for a
given grid point and arranges them in order of increasing distance. This
module is called from the STRAY module for each grid point,

Program Listing 5 contains the ASCND code,

TOPFIL

This module reads in topographical data for the fine grid. The data are
used in computing ground-level concentrations for elevated releases, They do
not affect the wind field,

TOPFIL is called from MESO! as part of the initialization. It requests
the user to enter the name of the file containing the data, If no data are
available, the user enters "NONE" as the file name and the model will use
uniform, flat terrain in it's calculations, If a file is opened, the
topography flag is set (TOPFLG = 1) and a READ loop is executed, The data are
expected to be integers representing elevation in meters at the nodes of the
31 by 31 grid. The data is read as 31 rows north to south with each row
consisting of 31 values west to east., The loop executes 31 READ's with the
format (1x, 3114). This data structure allows the set to conform to the
dctual way the numbers or points would appear on a map.

TOPFIL will stop model execution if it detects an error in reading the
data. However, no bounds checking is done on the data and there is no
provision for missing data. If the module encounters an EQOF before filling
the TOPO array the remainder of the spaces are assumed to be zero. This
could create a severe discontinuity and should be avoided.

Program Tisting 6 contains the TOPFIL code,
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INIT

INIT is the primary initialization module and is called from MESOI. It
begins by asking the user to input a title. This character string is used on
all output to uniquely identify the run. A special feature of the title is
its use in controlling the testing mode of operations, If the first
character of the title is an asterisk(*), the testing mode is enabled (see
TESTM description).

Next, a number of constants are defined and the major arrays and flags
are set to zero. Following is an interactive input section where the user
defines the data interval and the simulatior starting data and time. LOCATE
is called search the data files for matching data. 1If the proper data is
located, the starting records are read and cecoded.

Program 1isting 7 contains the INIT code.

ARRIVN

This module initializes the exposure checking utility. Up to 35
Tocations can be specified to monitor total cumulative exposure. During a
simulation, messages are printed whenever the exposure at a checkpoint
exceeds a preset threshold.

ARRIVN is called from MESOI during the initialization. The array ARRIVL
is used to maintain all the needed information about the checkpoints. Eleven
pieces of information are stored for each of the 35 points:

1) x coordinate in km from grid center
2) y coordinate in km from grid center
3) status flag; 0 if location not on current grid
1 if checkpoint active
2 if 1st threshold has been exceeded
3 if 2nd threshold has been exceeded
4) first 4 characters of location name
5} second 4 characters of location name
6) Julian date when first threshold was exceeded
7} hour when first threshold was exceeded
8) minute when first threshold was exceeded
9} Julian date when second threshold was exceeded
10) hour when second threshold was exceeded
11) minute when second threshold was exceeded,

ARRIVN requests the name of a file containing the checkpoint
definitions. If none is defined, the checkpoint flag (ARRFL) is set to zero
and the subroutine returns. If a file is opened, data records are read to
define the checkpoint names and locations. The data file consists of three
elements per record: x and y coordinates anc name., The format is
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(1X,F6.1,1X,F6.1,2A4). The input loop reads each record and checks to see if
the location is on the grid. If it is, the first five elements of ARRIVL are
defined. Input stops when an EOF is encountered or 35 checkpoints have been
defined,

After the checkpoints are defined, they are listed to both the terminal
and the output file. The two thresholds (THRSH1 and THRSH2) are then defined
by the program. The user has the option to change them at this point.

Program Listing 9 contains the ARRIVN code.

RELEAS

The RELEAS module is used to initialize the source characteristics, It
is called from MESO! and requires extensive user input,

The user first specifies the number of sources (1 to 4). Then for each
source, the user specifies the following:

1)} location of source; x and y from grid center in kilometers
2) release height; meters above ground level

3) release date and time

4} release duration

5) source term (if known)

6) stack parameters (if any).

The location coordinates are converted to grid units and checked to make sure
the location is on the grid. The height, date and time are checked for
realistic values. The date and time are then compared with the data to see
if the release is after the specified simulation start. 1In all cases, an
error message is generated if a problem is detected and the user is prompted
again for input. The release duration is checked for acceptable values and
is converted into the number of puffs to be released from that source.
Finally, if the source term is known it can be defined in units of mass per
hour. 1If the release is from a stack, the stack temperature and the efflux
rate can be entered for later use in the plume rise calculations.

Once definition is complete for all the sources, the user specifies
whether deposition and/or radiocactive decay are to be enabled. There is no
provision for having these options separate for each source., If decay is
enabled, RELEAS calls RDKIN to initialize the process.

Program 1isting 9 contains the RELEAS code,
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RDKIN

RDKIN is the subroutine that is used to initialize the decay/ingrowth
process in MESOI. It is called from subroutine RELEAS. It requests that the
user supply half-lives, in seconds, for the initial effluent species and the
daughter species that results from the decay of the initial species., The half

Tives are converted to decay constants (ALMBDA and BLMBDA) for use with time
increments in minutes,

Entering a half-1ife of zero for the parent species (A) will cause an
early exit from RDKIN and cause the model to skip all decay related computa-
tions. A negative half-life will not be accepted for the parent species,
Entering a zero or negative half-life for the daughter species (B) will
indicate that the daughter species is stable, i.e. the daughter will not
decay.

When the decay constants have been computed, RDKIN computes the frac-
tions of the parent and daughter species remaining at the end of an advection
period, and the fraction of the parent species that will result in net
ingrowth of the daughter species during an advection period. These fractions
are stored in the variables ADECAl, BDECAl and BINAS. A coefficient, DKCOEF,
is computed if the haif-lives of the species are equal.

The RDKIN subroutine is contained in Listing 10.
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GRIDIN MESDIL  YERSIOM 2.0
Grid initlatization modute

Athey, G.F., J.¥. Ramsdeii, C.5. Glantz
PaciFic Northwest Laboratary

PO Box 999

Richland, Washington 99352

Creatad: &/ 1/83

C
c
C
C
c
C
c
c
C
c Updated:

C

C Description: Iniflalization of the grid and set up of

c meteorolegical stations, Reads data from a user specified
C flle and allcws edittIng of thae station parameters and the
£ additicn of maw stations,

'

< Relatienship to other modules:

c

C Makes calts to: REARNG, STRAY

o

C Cailed from: MESO

C

C

B T I R E R R A R

SUBROUTINE GRIDIN (DELXY, NUMSTA)
INCLUDE TCHAR. INC?

IHQLUDE "TSTATN, |NC!

INCLUDE 'UNITS. INC'

REAL XDiST(30), YDIST(30), NEWZ, NEW3
INTEGER STANUM{ 30)

CHARACTER®4 NEW!

CHARACTER*t SELECT
CHARACTER*SD FiLE!

C ** [(EFINE THE METECROLOGICAL STATIONS:

PR NAMET = 4 CHARACTER NAME

c XDIST = STATION DISTANCE FROM GRID CENTER IN KILOCMETERS ALONG X AXI3
C YDIST = STATION DISTANCE FROM GRIQ CENTER (M KILOMETERS ALONG Y AX!S
Coowe STATUS = O IF ACTIVE; t IF DISABLED

C # ELEY = ELEVATION IN METERS ABOYE SEA LEYEL

DELXY = 5000.0
WRITE (LUN{Z2),100)
WRITE (LUN(S5},100)
100 FORMAT (//9X, 'MESO! —-—> GRID INITIALIZATION!,/)

WRITE (LUN{2),110} OELXY

110 FORMAT (/8&, 'THE CURRENT WINOC GRIO IS: 16 AOWS X 16 COLUMNS!',
+ f78X, VDELXY = ', F10.2, ' METERS!)

120 WRITE (LUNCZ),130)

130 FORMAT (/5X, '0O YOU WANT A DIFFERENT GRIiD SPACING? Y OR N')

REAQ (LUM{1},140,ENMD=120,ERR=120} SELECT
147 FORMAT (A1}
IF (SELECT .NE. "Y' .AND. SELECT .NE. 'y') GOTD 170

150 WRITE (LUNC2Y,160)

160 FORMAT {/5%, 'SPECIFY NEW DELTA XY [iN METERS}'/)
READ {LUNC1), %, ENDw!20,ERR=1350) DELXY

Program Listing 2 Subroutine GRIDIN
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IF (DELXY .LT. 0) THEH
PRINT *, 'NEGATIVE VALUES NOT ACCEPTABLE'

GOTO 150
ENDIF
IF {DELXY .LT. 2500.0 .OR. DELXY .GT. 15000.0) THEN
PRINT *, ' *hax  YARNING ool
PRINT *, 'GRID SPACING SELECTED IS OUYSIDE USUAL LIMITS!'
PRINT *, ' USE CARE IN INTERPRETING MODEL OUTPUT'
ENDIF

170 WRITE {LUN(2),180}
1B0 FORMAT (/5X, 'MESOI —--~> STATION INITIALIZATION',/)
NUMSTA =

190 PRINT *, 'ENTER PILENAME FOR READING STATION INFORMATION > '
READ (LOUN(1l},200) FILEl
200 PORMAT (AB0]

OPER (UNIT=LUN{15), FORM='FORMATTED', S7ATUS='OLD', FILE=FILEl,
+ IOSTAT = IER)
IF { IER .NE. D} 'THENW
PRINT *, 'GRIDIN >> ERROR ', IER, ' OPENING SPECIPIED FILE'
GOTO 150
ENDIF

210 READ (LUN(15),220,END=230) HAMST(NUMSTA-1l}, XDIST(NUMSTA+l),
+ YDIST{NUMSTA+l), ELEV(NUMSTA+l), STATUS{NUMSTA+1l)
220 FORMAT {1X, A4, 2(2X,F6.2), 4X, T4, 4X, I
NOMSTA = NUMSTA + 1
GOTO 2190

230 CLOSBE (LUN{15))
240 NSTAT = 0
DO 260 I=1, NUMSTA
XSTA({l) = (XDIST(I)*1000. / DELXY} + 7.5
YSTA(I} = (YDIST(I)*1000. / DELXY) + 7.5
IF (XSTA(I} .LT. 0.0 .OR, XBTA(I} .GT. 15.0 ,OK.

+ ¥STA(I}) LT, 0.0 .OR. YSTA{I) .GT. 15.0}) THER
ARITE (LUN(2),250) NAMST(I}
250 FORMAT (/5X, 'NOTE: ',A4, ' STATION IS OFF CURRENT GRID',
+ /10X, *'STATUS SET TC 1 [INACTIVE]')
STATUS(I) = 1
ENDIF

IP (STATUS(I}.EQ.1} NSTAT = MSTAT + 1
280 CONTINUE

WRITE (LUN{2),270)} WDMSTA,NSTAT

270 PORMAT {/5X, 'THERE ARE CURRENTLY ',I2,' STATIONS WITH *.I2,
+ ' DISABLED',/)
WRITE (LUN{2) ,2B0)

280 PORMAT (6X, ‘'STA HAME', 6X, 'GRIDX', 5X, 'GRIDY*, 4X, 'ELEV',
+ 4X, 'STATD3')

DO 300 I = 1, NUMSTA
WRITE {LUN{2),290} I,NAMST{1) XSTA{I} YSTA(I},ELEV{I)},STATUE({I)
290 FORMAT (6X,I2, 2X,A4, 3X,FB.2, 2X,FB.2, 4X,I4, 6X,I1)
IF (NOD(I.15) .EQ. 0) PAUSE "TYPE C TO CONTINUE’
300 CONTINUE

310 WRITE (LON{2),320)
320 FORMAT (/5X, "ANY CRANGES TO STATUS FLAGE? ¥ OrR N')

ABAD (LUN(1), 330, END=310, ERR=31{) SELECT
330 PORMAT (Al}

Subroutine GRIDIN (cont'd)
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IF {SBLECT .NE. 'Y' .AND. SELECT .NE. 'y'} GDTO 400

340 WRITE (LUN{2]),350)
350 FORMAT {/5X, 'HOW MANY STATIONS TO BE CHANGED?')
RERD (LUN{1l}, *, END=340, ERR=340D) ICHG
IF (ICHG .LT. 0) GDTO 400
IF {ICRG .LE. NUMSTA) GOTO 370
WRITE (LUN(2},360)
360 FORMAT (/5X, 'GRIDIN >> VALUE EXCEEDS HUMBER OF CURRENT STATIONSE'.,
+

/
GOTO 340

370 WRITE (LUN({2).,38Q)
380 FORMAT (/5X, 'ENTER STATION NUMBERS TQO BE CHANGED —--> N,N,N..."}
READ (LUM(1l},*,END=370,ERR=370) {STANUM{I),I=1,ICHG)

DG 350 I = 1, ICHG
IF {(STANUM{I} .LT. 0.0 .OR, STAWUM{I) .GT. NUM5STA} THEN
PRINT *, STANUM(I),' IS NOT A CORRENT STATION; CHANGE IGNORED'
GOTO 3%0
ENDIF

J = STANUM{I)
IP (STATUS{J) .EQ. 0) THENW
STATUS(J) = 1
ELSE
STATUS(J) = §
ENDIF
390 CONTINUE
GOTO 240

400 WRITE (LUN{2),410)
410 FORMAT (/5X, 'ANY STATIONS TO BE ADDED? Y OR N'}
READ (LUN(1l) ,420,END=400,ERR=400} SELECT
420 PORMAT (Al}
IF (SELECT .NE. 'Y' .AND. SELECT .NE. 'y') GOTO 610
430 WRITE (LUN(2),440]
440 PORMAT (/5X, 'HOW MANY STATIONS TO BE ADDED?")
READ {LUN{1},* ,END=430,ERR=430} IADD
IF (IADD .LE. 0} GOTO 610
IF (NUMSTA+IADD .LE. 10} GOTO 460
WRITE (LUN{2),450)
450 FORMAT (5K, 'GRIDIN >> ONLY 30 STATIONS ALLOWED')
GOTO 430

460 WRITE (LUN(Z)},470)
470 PORMAT (5X, 'EACH STATION SPECIPICATION MIST INCLUDE:*,/74,

+ 'STATICN ID -- 4 CHARACTERS',/7X,
+ 'X AND ¥ DISTANCES IN KILOMETERS FROM GRID CENTER',/7X,
+ 'ELEVATICH IN METERS ABOVE SEA LEVEL',/)

DG 600 I = 1, IADD
480 WRITE (LUN(2) ,490) NOUMSTA+I
450 PORMAT (5X, °'SPECIFY 4 CHARACTER HAME FOR STATION ',I2./)
READ {LUN{l) ,500,END»4&80,ERR=480) NEM1
500 FORMAT (A#&)
S10 WRITE (LUN(2),520) NUMSTA+I
520 FORMAT (5X, 'SPECIFY X AND Y DISTANCES FOR STATION ',I2,/)
READ {LU®(l),*,END=510),ERRe510) NEW2, NEW3
IF {ABS(NEW2) .GT. (7.5*DELXY/1000.0)) GOTQO 640
IF (ABS(NEW}) .GT. (7.5*DELXY/1000.0}) GOTO a4l

530 WRITE {LUN{2),540) NUMSTA+I
540 PORMAT (/5X, 'SPECIFY ELEVATION FOR STATION ',I2/)

READ (LOW(1),*,END=530) NEW4
IF (REW4 .LT. 0 .OR. NEW4 .GT. 9999) THEN

Subroutine GRIDIN (cont'd)
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PRINT *, 'BLEVATION OUT OF MORMAL RARGE'
GOTO 530
ENDIF

** 1P SPECIFICATIONS ARE ACCEPFTABLE, ENTER INTO ARRAYS

NAMST (NUMSTA+L) = NEWL
ADIST(NUMETA+I} = NEW2
YDIST(NUMSTA+I) = NEW3
ELEV(HUMSTA+I} = NEW4

6§00 COHTINDE
WUMETA = HUMSTA + IADD
GOTO 240

610 CONTINUE
ACTSTA = NUMSTA - NGTAT
IF (NBTAT .BE. 0} CALL REARNG (NUMSTA)
CALL STRAY (ACTSTA)

WRITE (LUN(Z},620)
620 FORMAT (//, 5X, '** END GRID INITIALIZATION #*' //}

** WRITE COMPLETED GRID INPQRMATION ¢ OUTFOT FILE

WRITE (LUN(5),110) DBLXY
WRITE (LUN(5),270) NOMSTA, RSTAT
WRITE (LUN({S),284Q)}
DO 630 I = 1, NOMSETA
WRITE (LUN(5},290} I, NAMST{I}, XSTA(I), YSTA(I}., ELEV{I},
+ STATUS({I)
6§30 CONTINQE
WRITE {LUN(5),620}
RETURN

640 WRITE (LON(2),650) NUMSTA+L
650 FORMAT (/5X, 'NEW STATION [NUMBER ',I12,'] IS OFF THE GRID',/)
GOTO 400

END

Subroutine GRIDIN {cont'd)
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REARMY tESO| YERSIQM 2.0
Rearrangement of station |ist

Athey, G.F,, J.¥. Ramsdell, C.5. Glantz
Pacific Morthwest Laboratory

PO Box 999

Richlana, Washington 99352

Dreated: &6/1/83
Upgatad:

Description: Removes stations with status fiag set from the
sat of active staticns to be used in wind interpolation.

Pelatlionship to other moduies:
Makes calls tor ONE

Calied trom: GRIDIN

OOOOOOODOOOO0N00O 000000

FHRE - L IAFREAEAR AR RRF SRR TR N RN

SUBROUTINE REARMG (NUMSTA)

INGLUDE 'CHAR. INC?
INCLUDE 'STATH, INC*

(=0

0O 100 K = 1, NJMSTA
IF (STATUS(K) .ED. '} GOTD 100
I =1 +1
XSTACI} = XSTA(K)
YSTACI}Y = YSTA(K)
NAMST(1) = NAMSTIK)
ELEV{i} = ELE¥{K)

100 CONTINUE
RETURN
END

Program Listing 3 Subroutine REARNG
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C

100

150
160
200

300

STRAY MESQO! YERSION 2.0
Station array [nitialization

Athey, G.F., J.¥. Ramsdell, C.5. Giantz
Paclfic Northwest Labaratory

PO Box 949

Rich!and, Washington 99352

Creatad: 6/1/85
Updated:

Jascription: Sats up the station array “or each wind grid point
Relationship to other modul 8s:
Makes calls tor ASCHD

Called from: GRIDIN

AR ERRERERARAREE AR RS FRAREFHSHPER AR AR BN AR S ERARRHER B RN EXA RN

SUBRCUTINE STRAY {HUMSTA}
REAL RT(30Q)

INTEGER N5B(30)

INCLURE 'CHAR. INC*

INCLUDE 'STATW. INC*
INCLUBE 'WINDS, INC*

% = 0.0
Lo 300 1 =1, 15
¥ = 0.0
o200 J =1, 16
0100 L = 1, HUMSTA
NSB{L) = L
RT{LY} = {XSTA(L)-XG)%*Z + (YSTA(L)-YG)#%2
CONT INUE
CALL ASOND (RT, NSB, NUMSTA}
DO 150 L = 1, NUMSTA
STDISTIL,1,J) = RT{L}
STHUMCL, {,J) = NSB{L)
IF (L LEQ. 10} GOTD 160
COHTIMUE
=G+ 1.0
COMTIMUE
G =X + 1.0
CONTINUE
RETURN

END

Program Listing 4 Subroutine STRAY
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ASCND MESG) VERSION 2.0
Jrder statlans

Athey, G.F., J,V, Ramsdeli, C,5. Giantz

Pacific Northwest Laboratory

PO Box 999

Rlchiand, Washington 99352

Created: 6/1/83
Updated:

Dascription: For a given grid point, stations are arranged in
ascending ordar by distance from the point.

RT == distance (X#%Z + Y¥#2)

M5B == statlcn numbar

HUMSTA - total number of sTaticns
Relatfonship to other modul es:

Makes calis to: NONE

Called from: STRAY

FRRERERRR T FFE ST F T 05 S0 00 D 0 0 0 0 06 IO 0

SUBROUTINE ASCNOQ (RT, NSB, NUMSTA}
REAL RT{(I0), TP
INTEGER NSB{30), NTMP

DO 110 | = 1, MIMSTA-!
=0
DO 100 K = 1, NUMSTA=1
IF (RT(K+1) .GT. RTIK}) GOTD 100
J= K+
T™P = RTIK)
NSBTMP = NSB(K)
RT() = RT(J)
NSBI{K) = HEB{J)
RTL4) = THP
NSB(J) = NSBTMP
100 COMTIMUE
IF {J .}, 0) GOTO 120
110 CONTINUE

120 RETURN
END

Program Listing 5 Subroutine ASCND
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TCPFIL MESC! VERSION 2.0
Topography data input module

[

[

z

C

G

c Athey, G,F., !.¥. Ramsdell, C.5. Glantz

C Facific Morthwest Laboratory

C PO Box 999

C Richiand, #ashington 993352

c

c Created: 6/1/63

c Upgated:

o

[ Cescription: Module to iaput ground leve. elevations to describg
C topography for the 31 x 31 fine grid.

c

[ Pelaticnship to other modul es:

c
o Makes calis to: NONE

C
[ Callad froms YESD

™
clillllliliilinlilllllllll!lili*'llil*lllli!i!l**!!illlll**liiii!!ll

SUBRQUTINE TOPFIL (DELXY)

iNCLUBE *TOPOGR. 1HC?
INCLURE 'UNITS, INC!

CHARACTER®80 FILEY

TOFFLG = @
Do 11g J =1, 3
Do 1go 1 =1, 3t
TR, 0 = 0.0
100 CONTINUE

1tg CONTINUE
WRITE (LUN(2],120) DELXY/2.0
120 FORMAT (/2%x, 'TOPFIL -- 7-I FIME GRID HAS BEE: T orLIZED f,
+ YWITH A SPACING CF *, F7.D, ' METERS.', /7X,
+ 'SPACING DF THE TOPOGRAPHY DATA PQINTS MIST BE THE SAME'//)

130 PRINT *, 'ENTER NAME OF FILE QONTAINING TOROGRAPHY DATA!
PRINT =, t USE "*HONE'' WHEN TERRAIN 15 NOT KNOWN >> !
READ (LUN(17,140) FILE!

140  FORMAT { ABC )

IF (FILE1 .EQ. 'WOME' ,OR. FILE! .EQ. 'none') THEN
PRINT *, *TOPQ ARRAY SET TO ZERDES; UNIFORM, FLAT TERRAIN!
F0TD 900
ELSE
OPEN (UMI{T=LUN{ 15}, FORM=IFORMATTED', STATUS=/OLD’,
+ FILE=FILE1, IGSTAT={ER)
IF (IER .NE. O} THEN
PRINT %, 'TOPFIL »> ERROR *,IER, ' OPENING TOPOGRAFHY FILE!'
F0T0 130
ENDIF
ENDiF

TOPALG = 1
CO 200 4 =31, 1, -1
READ (LUNC15Y,150, JOSTAT=[ER) {TOPQ (I, 4, 11,31}
130 FORMAT 11X, 3114)
IF {IER .GT. 0) THEN

Program Listing 6 Subroutine TOPFIL
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PRINT *, *TOPFIL >> ZRROR ', IER, ' READING FILE'
5TOP
ENDIF

IF {(IER .LT. 0} THEN
PRINT *, 'EOF DURING TOPOGRAPEY FILE READN
FRINT *, J-1, ' ROWS ENTERED; REUAINDER WILL BE ZERDES'
GOTO 900

ENIDIF

200 CONTINUE
200 CLOSE (LUN{15})

FETURN
ZRD

Subroutine TOPFIL (cont'd)
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INIT MESCI VERSION 2.0
Primary initlalization moduie

Athey, G.F., J.¥, Ramsdeil, C.5. Glantz
Faclfic Morthwest Laboratory

FPC Hox 999

Richtand, Washington 99352

Created: 6/1/5
Uptdated:

Dascription: Primary initlailzatfons of the model, including:
ldentitication title, currant gate and time, and basic
simylation parameters.

Ralationship to cther modules:

Makes calls to: DATRD, DATWR, JULIAN, LOCATE,
SHIFT, TERRA,  WIND

c
C
C
C
C
C
c
C
c
C
c
c
c
C
c
C
c
C
c
c
Cc
C Called from; MESDH
C

c

WA RN I R T RN

SUBROUTINE INIT (HUMSTA}

INCLUDE fCHAR. INC*

INCLUDE 'CONST. ING"
INCLUDE *DAT M, (NC?
INCLUDE 'MATRIX. INC!
INCLUDE 'PUFFS, INC'
INCLUDE fREL. INC!

INCLUDE tUNITS. INC’
INCLUDE 'WINDS. INC?

INTEGER STDAY, STHR
CHARACTER®! SELECT
€ *% DEFINE WASHOUT COEFFICIENTS
DATA wC/ 0.79, 2.2, 4.0, 0.38, 1.2, 2.3/

WRITE (LUNC2),100)
WRITE {(LUNtS), 100}
100 FORMAT {/5X, 'MESO] ==-> PRIMARY INITIAL (ZATFONY,/)

110 WRITE (LUN{2},120}

120 FORMAT (5X, TENTER RUN (DENT{FICATICN TITLE OF uP TO',
+ * 50 CHARAGTERS'}
READ (LUNC1},130, END=114,ERR=110) TITLE

130 FORMAT (50A1)

#% SET MODEL PARAMETERS:
bkl NPH -==-- HUMBER OF PUFFS PER HOLUR
il CHIMIN == INITIAL MINIMUM SIGNIFICANT CONCENTRATION

o0

HWPH = 4
CHIMIN = 1,0E=-15 / 40.

IF ((MODER,NPHYY (NE. 0) GOTOD 800

DO 150 | = 1, 300

Program Listing 7 Subroutine INIT
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MF{I) = 0
150 CONTINUE

DO 160 1 = 1
NPUFFS{I)
PUFLG{I)
160 CONTINUE
TPOFPS = O

r 4
= 0
=0

DO 180 J = 1, 31
DO 170 I =1,
EXPCUM{I.J)
ADEPOS(I,J)
B8DEPOS{I.J}
AXPDPL{I,J}
BXPDPL(I,d)
AKEFADV (1,J)
BXPADV(I,J)
ADPADV (I,J)
BOPADV(I,J)
170 CONTINUE
180 CONTINUE

=

0NN ENE AW

CcCoODOo0DOoOOD
M I
cCDoDOoOoSo oo

¢ ** DEPOSITION VELOCITY = 1 CM/SBEC
C *w OR 36 METERS/HOUR

DV = (.01 * 31600
TMWOPI = 6,283185

ADT = 1.0 / WPH
FAC = ADT * 36Q0 / DELXY
ACNET = 2.0 / (60.0 ™ TWOPI ** 1.5}

INTPLG = 0
WRITE (LUN(2),190)
190 PORMAT {/5X, 'I5 METEOROLOGICAL DATA AVAILABLE AT 15 MINUTE *,
+ 'INTERVALS? Y OR W', /7X, 'DEFAULT IS HOURLY DATA'/}
READ {LON(1l), 200} SELECT
200 FORMAT :-(Al)
IF (BELECT .EQ. 'Y¥' .OR. JELECT .EG. '¥'} INTPLG = 1

210 WRITE (LUN(2),220)

220 FORMAT (//5X, 'ENTER DATE FOR SIMULATION START —— MMDDYY')
READ (LUN{(1l)},230,BND=210,ERR=210Q) IMO, IDAY, IYR

230 FORMAT {1012)
I# (I¥YR .LT. 70 .OR. IYR .GT. 85) GOTO 21¢
CALL JULIAN (IYR, IMO, IDAY, STDAY)

IF (IMO.LT.1 .OR. IMC.GT.12 ,.OR., IDAY,LT.l .OR. IDAY.GT.31l} THEM
WRITE (LUN(2),240} IMO, IDAY, IYR
240 FORMAT (5X, ‘A DATE OF ', I2.'/",I12,'/',12, ' I5 IMPOSSIBLE ',
+ '~~> TRY AGAIR',//}
GOTO 210
ELEE
WRITE (LUN{2),250) STDAY, IYR
250 FORMAT (/5X, 'JULIAN DATE = ', I3, 4X, '19',12,/)
ENDIF

260 WRITE (LUN(2],270)
270 FORMAT (/5X, 'ENTER HOUR FOR START OF SIMULATION',/)
READ (LUN({l).,*,END=260,ERR=260) STHR
IF (STHR .LT. 1 .OR. STHR .GT. Z4) TREN
WRITE {LUN(2},280) STHR
200 PORMAT (5X, 'A STARTING HOQOR OF ',I3,' IS IMPOSSIBLE ',
+ '==> TRY AGAIN',//}
GOTQ 260

Subroutine INIT {cont'd)
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ENDIF

LUIRDK = 3

CALL LOCATE (IYR, STDAY, STHR, 0, LERROF, LUINDX, INTFLG)
I1f (LERROR .EQ. 1) GOTO 210

CALL DATRD (LUINDX, 0}
LDEPTH = LDEPTE * 10
TT = TEMFB

ALFHAD = 1.0
ALPHAY = 1.0
ALPHFL = 0
WRITE (LOM(2),290)
250 FORMAT (/2X, 'DO YOU WISE TO OSE THE ALPHA MODULE IN THE ',
+ 'VERTICAL INTERPOLATION OP THE WINDS?', /4X, 'Y OR H. ',
+ /7X, '1IP NO, A LIKEAR INTERPCLATION (ALPHA =]1.0) WILL BE USED'/)
READ (LUMW{l),200) SRLECT
IF (SELECT .EQ. 'Y' .OR. SELECT .EQ. 'y') ALPHPL = 1

PRINT *, 'ALL FILES OPENED AND FIRST WIND RECORDS PROCESSED'
CALL DATWR

CALL WIND (HUMSTA)

CALL SRHIFT

TERFLG = 0
IF {(TITLE{l) .NE. '*'] CALL TERRA

WRITE {LUN{S),300) TITLE, EDATE, RTIME
300 PORMAT ({'l', //5X, 'RON TITLE --> ', 50al, 35X, A8, 2X, A8)
IF (TITLE(l) .EQ. '*') THEN
WRITE (LUR({S5),310)}
1o PORMAT {/8X. "TESTING MODE SELECTEDR'/)
ENDIF

WRITE (LUN{5),320) STHR, IMO, IDAY, IYR

320 PORMAT (/5X, ‘SIMULATION STARTS AT HOUR ', I2,' OK DAY ',
+ 12, '_,I' Iz! ._.! Iz//:'
RETURN

BO0 STOF ' ERROR  ~-- UMACCEPTABLE SPECIFICATION IN INIT'
END

Subroutine INIT (cont'd)
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C

c ARRI¥N VESOD  VERSION Z.0
c Chackpolint Initlalization

c

c Athey, G.F., J.V. Ramsdell, C.5. Glantz

c Pactfic Northwest Laboratory

C PO Box 999

c Richiand, Washington 69352

c

c Creatad: £/1/83

C Updated:

C

c Dascription: Subroutine to initlallze the puff arrival checking
c utillty, Sets up the array "ARRIYL' confalning for each of 35
c Iocations:

C

c 11 X distance in kilomeaters from grid center

C 2] Y distange In kiiometers from grid center

c 3) status flag

c 41 tirst 4 characters of checkpofint neme

G 5) last & characters of name

c

¢ Durtng the jnitleltzation, the sxposure grld coordinates of each
c checkpoint are computed. If the point is off the current grld,
c the status flag fs sat to zerc and the checkpoint [s not used.
c

c Relationship 1o other modulas;

C

c Makes calls to: NONE

c

C Cailaed from: HMES0I

c
C‘!Illilillilliill*lli!!!illl!*lii*'illlilIllliilllll'Ii!lli*l*iilii

SUBRQUTINE ARRI¥N (DELXY)

INCLUDE 'ARRI¥. INC*
INGLUDE 'UNITS, INC*

REAL CPNAME(2), X, Y

CHARACTER*1 SELECT
CHARACTER*80 FILE1

WRITE (LuN{(2), 100}
WRITE (LUN(S), 100}
100 FORMAT (/5X, 'MESQIl ==> SET UP ARRIVAL CHECKP)INTS')

DO 120 J = 1, 35
ARRIVL(3,J3 = 0.0
Do 110 1 = 6, 11
ARRIVLLI, 1) = 0.0
T10  CONTINUE
120 CONTINUE

130 PRINT *, TENTER NAME OF FILE CONTAINING CHECXPOINT IDENTIFIERS!
PRINT ®, ' USE "'RONE'* IF THE FILE DOES NOT EXIST!
READ {LUN(1), 140) FILE1

140 FORMAT (ABQ)

IF (FILET .NE, 'MONE' _ANQ. FILE{ .NE. 'none') THEN
OPEN {UNIT=LUNC1S), FORM='FORMATTEDY, STATUS='OLDY,
* FILE=FILET, IQ0STAT=IER)
IF {IER .NE. 0} THEN

Program Listing 8 Subroutine ARRIVN
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PRINT *, 'ARRIVN >> ERROR ',IER,' OPENING PILE'
GOTO 130
ENDIF
ELSE
WRITE {LUN{2),150)
WRITE {LUN(53),130)
150Q FORMAT {/7X,' RO CHECKPOINTS IKITIALLZED FROM DISE FILE')
ARRFL = 0

t* AN INTERACTIVE CHECRPOINT DEFINITICON SECTION COULD FIT IN HERE

RETURN
ENDIF

DO 220 3 = ), 35
200 READ (LUN{15), 210, ENDe230) X, ¥, C?HAME
210  FORMAT (lX, F6.2, 1X, F6.2, 1X, 2A4)
X = {X * 1000.0 / (DELXY/2.0}} + 16
Y = {Y * 1000.0 / {DELXY/2.0)) + 18
IF (X .LT. 1 .OR, X .GT. 31} GOTO 230
IF (Y .LT. 1 .OR. Y .GT. 31} GOTO 200
ARRIVL{1l,J} = X
ARRIVL(2,3) = Y
ARRIVL(3,J) = 1.0
ARRTVL(4,J) = CPNAME(l}
ARRIVL(5,J) = CPNAME(2)
220 CONTINUE
230 CLOSE (LUN(15))

HCP = 0
DO 240 J = 1, 35
HCP = NCP + ARRIVL(3,J)
240 CONTINUDE

WRITE (LUN{2),250) NWCP
WRITE (LUN(5),250) NCP

250 FORMAT (/10X, I2, ' CHECKPOINTS ACTIVE ON THE CURRENT GRID'/}
ARRFL =}

WRITE {LUN(S5),280)
280 FORMAT (8X, °'CHEPNT EXP COORD', /10X, 'NO X',
+ 4%, 'Y NAME'/)

D3 300 J = 1, HCP
L = ARRIVL(1,J) + 0.5
M = ARRIVL(2,J) + 0.5
WRITE {LUN(5),2%0) J, L, M, ARRIVL{4,J), ARRIVL(5,J)
290  PORMAT {10X, I2, 2x, 2{2X,I3}, 5X, ZA4)
300 CONTINDE

THRSAl = 1.0QE-15
THRSHZ = 1,0E-1D

360 WRITE (LUN(2},370) THRSHLl, THREH2
370 FORMAT (/3X, 'DEFAULT VALUES FOR THE THRESBOLDS ARE:',
+ /7%, 'THRSAL = ', 1PE10.3, /7K, 'THRSH2 = ', El0.3)
WRITE ([LUN{2),280)
380 FORMAT {/5X, 'DQ YOU WISH TO (HANGE THE THRESHOLDS? Y OR N')
READ (LUN(1},390} SELECT
390 FORMAT (Al)

IF (SELECT .EQ. '¥Y' .OR. SELECT .EQ. 'y'} THEH
PRINT *, ' ENTER VALDES FOR THRESHOLDS 1 ARD 2°

READ (LUN{1),*) TBRSHl, THRSH2
IP {THRSEl .LT. 0.0 .OR. THRSH2 .LT. 0.0) THEN

Subroutine ARRIVN (cont‘d)
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PRINT *, ' NEGATIVE THRESHOLD VALUES NOT ACCEPTABLE'
GQTO 36D
ENDIP
ENDIF

WRITE {LUNM{2),400) THREBl, THRSH2
WRITE (LUN(5},400) THRSHl, THRSH2

400 FORMAT {(/10X, 'THE ARRIVAL CHECKING THRESHOLDS ARE: '/11X,
+ 1PE10.3, ' AND ', E10.3/)

EXPFLG = G
RETURN
END

Subroutine ARRIVN (cont'd)
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RELEAS MESOI  YERSION 2.0
Reicase deflinition modele

Athey, G.F., J.¥, Ramsdell, C.5. Glan-z
Pacific MNorthwest Laboratory

PO Box 999

Richland, Washington 99352

Created: &/1/83
Updated:

Descripticn: An interactive module whare the user Tnput data
about the release locations, amounts, durations and types.

Relatlonship to ather modules:
Makes calls fo: ROKIN, JUL{AM

C
C
c
c
C
c
C
c
c
o
c
c
C
c
c
C
c Called from: MESDI
c

c

L L T T Y L e s ey 2y
SUBROUTINE RELEAS (CDAY, OHR}

(NCLUDE 'COWST. INC)
INCLUDE 'DECAY. INC!
INQ.UDE *REL. INC!

INCLUDE '"UNITS, INC?

INTEGER 1YR(4), iMD(4), t0Y(4), RELMIN(4), DOAY, OHR, DMIN,
+ DURHR, DURMIN

CHARACTER SELECT™

WRITE (LUN{2},110)
WRITE (LUN(5), 1101
110 FORMAT (/Mi, 'MESO| =-==> RELEASE INITIALIZATION . //)

120 WRITE (LUN(2),130)
130 FORMAT (/5X, 'ENTER MUMBER OF SOURZES >> 1/}
REAQ (LUN(1), % ENO=120,ERR=120) NSOURC

IF {NSQURC .LT. 1 ,OR. NSQURC .GT. 4) THEN
WRITE (LUN(2),14D} NSOURC
140 FORMAT (/5x, 12, ' SOURCES NOT ALLMWED -- MUST BE FROM 1 -~ 4%/)
GOTD 120
ENDIF

0O 440 NS = 1, NSQURC

150  WRITE (LUN(Z)},160) NS

160 FORMAT {/SK, 'SPECIFY COORDINATES (X,Y,2) OF SQURCE', (3, /%X,
+ ' IN KILOMETERS FROM GRID CENTER AHD METERS ASOWE GROUNC',/S)

READ {(LUMC1},% ENO~1%),ERR=150) XOt5T, YDIST, ZSOURCINS)
XSQURC{NS) = XDIST # 1000, / DELXY + 7.5
YSOURCINS) = YDIST # 1000, / DELXY + 7.5

IF (XSQURC(NS! .LT. 0.0 .DR. XSOUFCINS) .GT. 5.0} GOTD 450
IF {YSOURC(NS) .LT. 0.0 .OR. YSOURC{NS} ,GT. 15.0) GOTO 450
{F (ZSOURCINS) .LT, 0.0 .OR .ZSQURC(NS) .GY. 300.) GOTO 470

170 WRITE (LUN{Z),180)
tB)  FORMAT (/5X, 'ENTER DATE OF RELEASE --> MMDDYY')

Program Listing 9 Subroutine RELEAS




READ (LUM(1),19%0,END=170,ERR=17G) IMO(NS), IDY{NS}, IYR(NS)
130 PORMAT (1012)

IF {IYR(NS5) .LT. 70 .OR. IYR{HB) .GT. 85} GOTO 4%0
IF {IMO(NS}) ,LT. 1 .OR. IMO(N5) .GT. 12) GOTO 4350
IF (IDY(MS} .LT. 1 .OR. IDY¥({NS) .GT. 31) GOTC 490

CALL JULIAM (IYR(HWS), IMO(HS}, IDY¥{NS}, RELDAY(NS5}}

IF {RELDAY(NS) .GT. [DDAY+2)) GOTO 510
IT (RELDAY(N5) .LT. DDAY .AND. RELDAY(NS) ,GT. 2) GOTC 510

210 WRITE (LUN({2},220)
220 FORMAT (/5X, ' TIME OF RELEASE? HOURS,MINUTES')
READ (LUN({1l},*,END=210,ERR=210) RELHR(NS), RELMIN{NS)

IF {(RELHR(NS} .LT. 1 .OR. RELHR({(NS) .GT. 24} GOTOQ 530

IF {RELER(NS}) .LT. PHR ,AND. RELDAY{HS} .EQ. DDAY) GOTO 510
IF (RELMIX{KS) .LT. 0 .OR. RELMIN{NS} .GT. 59) GOTO 550
PARTHR (NS) = RELMINW(NS) / (6G/NPH} + 1

250 ARITE (LUW{2},260]
260 FORMAT {/5X, 'DURATION OF RELEASE? HOURS,HINUTES',
+ /74, 'IF CONTINUQUS, ENTER 0,0 ')
READ (LON(1),*,EMD=280,ERR=2803) DURHR,DURMIN

IF {(DURHR .LT. 0 .OR. DURMIN .LT. 0) GOTO 570
IF (DURHR .EQ, ¢ ,AMD. DURMIN .EQ. Q} GOTO 280
MAXPUF (NS) = (DURHR*NPH} + (DURMIN / (60/NPH))

IF {(MAXPUF(NS) .LE. 0} THEN
PRINT *, ' DURATION SHORTER THAN BASIC PUFF RELEASE INTERVAL'
PRINT *, ' A SINGLE PUFF WILL BE RELEASED'
MAXPUF (N5} = 1

ENDIF

WRITE {(LUN({2},270) MAXPUF (NS} ,NS
270 FORMAT (/5%, I4, " PUFPFS WILL BE RELZASED FROM SOURCE', I3)
GOTO 300

2810 DURIR = O
DURMIN = 0
MAXFUF (N5} = 125
WRITE {LUN{2),290) NPH
29% PORMAT (5X, *RELEASE WILL BE CONTINUQUS AT ', I3, ' PUFFS/HOUR')

100 WRITE {LUN{2).,310)
10 FORMAT (/54%, 'IS5 THE SOURCE TERM ENCOWN? Y OR H', /74,
+ 'DEFAULT IS5 A UNIT RELEASE'/)
READ (LUM(1),320,END=300,ERR=300) SELECT
g FORMAT (al)

IF (SELECT .EQ. "Y' .OR. SELECT .BQ, 'y'} THEN

3130 WRITE (LUN(2).,340)
a0 PORMAT (/5X, ' INPUT A RELEASE RATE IN MASS ',
+ '[CULRIE, GRAM, ETC.] PER HCOUR',/)

READ (LUN{1l},*,END=330,ERR=330} QSOURC{NS]

IF {(QSOURC(MS} .LE. 0.0} THEN
PRINT *, ' ZERC OR NEGATIVE RELEASE RATE NOT ACCEPTABLE'
GOTO 300

ENDIF

Q50QURC (NS) = QSOQURC(NS5} / MPH

ELSE
QSOURC (NS} = 1.0 / NPM

Subroutine RELEAS (cont'd)



ENDIF

350 HWRITE {LUN{2),360)
360 FORMAT (/5X, 'IS RELEASE FROM A STACK FIR WHICH PLUHE '
+ 'RISE CAM RE COMPUTED? ¥ OR N')

READ (LUN(1},320,END=350,ERR=350) SELECT
IF{SELECT .EQ. 'Y' .OR, SELECT .EQ. 'y') THEW
370 WRITE (LUN([2),380)
380 FORMAT (/5X, 'ENTER STACK GAS TEMPERATURE IN DEG C > '.,/)}
READ {(LUN{l),*,END=37(,ERR=370] STEMPC

IF (STEMPC .LT. .0 .OR. STEMPC ,GT. 400.0) THEH
PRINT ¥, ' ACCEPTABLE VALUES ARE 0 TO 400 ONLY'

GOTO 370
ENDIP
390 WRITE (LUMN{2),400)
400 FORMAT (/5X, 'ENTER EFFLUX RATE IN CUBIC METERS PER SECONWD',/)

READ {LUN({1),*,END=390,ERR=3%0) EFFLUX

IF (EFFLUX .LE. 0.0} THEN
PRINT *, ' ZERO OR NEGATIVE EFFLUX HOT ACCEPTARLE'
GOTO 390

ENDIF

PLMRFL(RS) = 1
QH (NS) = EPFLUX
ELSE
PLMRFL(H5) = 0
QH(NS} = 0.0
ENDIF

440 CONTIKUE
GOTQ /00

** ERROR MESSAGE SECTION

450 WRITE (LUN({2),460) XSOURC{NS), YSOURC(NS)

460 FORMAT (/5X, 'SOURCE IS OFF GRID -- X = ', Fl10.2, 5X,
+ 'Y = ', F1G.2//)
GOTO 150

470 WRITE (LUH{2),480) ZSOURC(NS)
480 FORMAT (/5X, 'SOURCE HEIGHT OF ',Fé,1, ' HETERS IS UNREALISTIC')
GOTO 150

490 WRITE (LUN(2),500) IMO(NS), IDY(NS)
560 FORMAT {/5X, ‘RELEAS »>> A DATE OF ', 212, ' IS HOT VALID")
GOTO 170

510 WHITE (LUNW{2),520) DDAY, DHR, RELDAY{NS), RELHR({NS}
520 PORMAT (/5X, *‘RELEAS >> DATA STARTS OM DAY *, I3, ' AT HOUR ',

+ 12, /5K, 'A RELEASE ON DAY ', I3, " AT HOUR ', I2,
+ ' CANNOT BE SIMULATED'}
GOTO 170

530 WRITE (LUN(2),540) RELHR(NS}
540 PORMAT (/5X, 'RELEAS >»> SPECIFIED HOUR OF RELEASE IS NOT',
+ ' POSSIBLE =-> ', IS}
GOTO 210

550 WRITE {LUN(2),560) RELMIN(HS)
560 FORMAT (/5X, 'RELEAS »> SPECIFIED MINUTES OF RELEASE NOT',

+ ' POSSIBLE =-=> ', IS5}
GOTO 210

Subroutine RELEAS (cont'd)
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570

WRITE (LUN{2),580) DURHR, DURMIN

380 PORMAT (/5X, 'RELEARS >> NEGATIVE VALUES OF DURATION NOT',
+

COTO 250
€00 PRINT *, ' SQURCE DEFINITION COMPLETE '
WRITE (LUH{5},510) NSODRC
610 FORMAT (8%, °'NUMBER OF SOURCES = ', I2/})
DO 680 HS = 1, NSOURC
WRITE (LUNW({5),620) NS, XSOURC(NS), YSOURC(NS), ZSOQURC(NS)
620  FORMAT (/5%, 'SOURCE f, 12, ': LOCATED AT WIND GRID ',
+ 2(F5.2,1X), 'AND *, F6.1, ' METERS ABOVE GROUND'/}
WRITE (LUN{S),630) RELHR(NS), RELMIN(NS), IMO{NS), IDY({NS},
+ IYR{NS}, MAXPUF (NS}, QSOURC (NS)
630 FORMAT (/17X, 'RELEASE WILL OCCUR AT ', I2, ':', 12, ' OW ',
+ 12, '-',I2,'~',12, /1%%, 14, ' PUPFS WITH ',F8.3,' MASS EACR")
IF [PLMRFL{NS) .EQ. 0 } THEW
WRITE (LUN{S),8640)
640 FORMAT {/17X, 'NWO PLUME RISE')}
ELSE
WRITE {LUN(5},650}
6§50 FORMAT (/17X, 'PLUME RISE WILL BE CALCULATED*)
ENDIF .
680 CONTINUE
710 WRITE (LUN{2),720)
720 FORMAT {/5X, 'WILL THE MATERIAL RELEASED DEPOSIT? ¥ OR N')
READ (LUN{1),320,ERR=710,END=710) SELECT
IF (SELECT .EQ. 'Y¥*' .OR. SELECT .EQ. 'v') THEHN
DPFLG = 1
WRITE {LUN{S5),750}
750  FORMAT (/7X, '‘MATERIAL WILL DEPCSIT')
ELSE
OPFLG = §
WRITE (LUN(5),760)
760  FORMAT {,/74, 'NO HMATERIAL DEPOSITION')
ENDLF
RDRFL = 0
ALMBDA = 0.0
BLMBDA = 0.0
ADECAL = 1.0
BDECAL = 1.0
WRITE {LUN{2),800]
BOO FORMAT (/5X, 'DO YOU WISH TO ENABLE RADIOACTIVE DECAY? Y OR N'/)

* ALLOWED ——» ', 2I5/)

READ (LUN(1],320) SELECT

IF (SELECT .EQ. 'Y¥' .OR. SELECT .EQ. 'y') THEN
CALL RDKIN (ADT}
IF {(ALMBDA .GT. 0} RDKFL =1

ENDIF

RETURN
END

Subroutine RELEAS ({cont'd)
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ROKIN MESOI YERSION 2.0
Radlcactlve decay inftialization module

Athey, G.F., J.¥. Ramsdel!, C.5. Glantz
Paclfic Northwest Laboratory

PO Box 999

Richiand, Washington 99352

Created: &/1/83
Updated:

Dascription: Module to define the haif-1lves for parent and daughter
products and to calculate the necsssary ceonstants for use [n the
decay calculations.

Ralatlanship to other modul @s:
Makes calls tor HONE

C
C
C
o3
c
c
c
C
c
C
c
o
o
C
C
C
c
C
c Called from: RELEAS
C

c

SRR FELR RT3 DN T I RS

SUBROUTIMNE RDKIN (ACT}

INCLUDE *DECAY. INC?
INCLUDE 'UHITS, INC!

REAL HLIFA, HLIFB

100 WRITE {LUN{Z), 110D
110 FORMAT [/5X, *ENTER HALF=LIFE [N SECONDS FOR PARENT SPECIES?,
+ /1%, '0 ABORTS THE OEFIMITION PROCESS'/)
READ (LUNC1Y,®) HLIFA
IF {HLiFA .EQ. 0} RETURN
IF (HLIFA .LT. @) THEN
PRINT *, ' NEGATIYE HALF-LIFE MOT ACCEPTED!
5070 100
ENDIF

)F (HLIFA _LT. (60} .OR. HLIFA .GT. 3.6E6) THEN
PRINT *, ' SPECIFIED HALF-LIFE NOT #ORTH TRACKING'
GOTD 100

ENDIF

ALMBDA = 0.69315 * 60.0 / HLIFA

200 WRITE (LUN(Z),210)
210 FORMAT (/5X, 'ENTER MALF=-LIFE M SECONDS FOR DAUGHTER SPECIES?,
+ FIX, 'ZERQ IF STABLE'/)
READ (LUN(1), %) HLIFB
IF (HLIFB .LT. 0} THEN
PRINT %, ' NEGATIVE HALF=LIFE NOT ACCEPTEQD!
GOTO 200
ENDHF

|F {HLIFB .GT. 0} BLMBDA = 0.69315 7 60.0 / HLIFR

ADECA! = EXP (-ALMBDA * 60.0 * AOT)
BDECA1 = EXP {-BLMBDA % 60.0 * ADT)
IF {ALMBDA .NE. BLMBDA) THEN
DKCOEF = ALMBDA / (BELMBDA - ALMBDA)
BINAS = DKCOEF * {ADECA! - BDECA1}

Program Listing 10 Subroutine RDKIN
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ELSE
BINAS = ALMBDA * 60.0 * ADT % ADECAL

EHDTF

PRINT *, ' DECAY CONSTANTS CALCULATED'

WRITE (LUN(2), 320) HLIFA, HLIFR

WRITE (LUM({(S),320) HLIFA, HLIFB

FORMAT (/5%, 'RADIOACTIVE DECAY PROCESS EMABLED: ',/7X.
'  PARENT HALF~LIFE = ', F7.1, ' SECONDS', /7X,
'DAUGHTER HALF~LIFE = ', F7.1, ' SECONDS'/}

RETURN

END

Subroutine RDKIN (cont'd)
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DATA INPUT/OUTPUT SUBROUTINES

After model initialization, MESOI Version 2,0 uses 10 subroutines for
data input and for output of the results of simulation. These subroutines are
listed, along with their memory requirements and a brief description of their
use, in Table 10. A description and listing of each of the subroutines is
presented in this section. The subroutines are discussed 1in the order in
which they are used.

DATRD

This is the meteorological data input module. 1t is called once from
INIT and then from MESOI at regular intervals., The calling program passes an
index (LUINDX} which indicates which of the data files (observation or fore-
cast)is to be accessed, The subroutine consists primarily of three READ
statements; one for each of the data records in the standard data block. If
the index indicates that observation data is being input, a fourth READ is
used to check the date of the next data block, If an 88888 code is detected,
MESOI assumes that observational data is exhausted and the index is altered
to make DATRD use the forecast data file, DATRD will cause the model to stop
if any of the READ statements detects an error or an EQF.

The model is set up to handle either hourly or 15 minute data. This is
specified in INIT and is used by the model as the interval flag (INTFLG).
When the flag is set {INTFLG = 1) the data is expected to be at 15 minute
intervals. Both observation and forecast data file have the same record
structure, Each time period is composed of three records. A sample of the
data is shown below:

12345672301 234567800 127456708501 234567RS01234567R9012345670G012345678901234%54789
Z 3 i S ] T

S e A e R A B e L L T Y Y] R S W

A¥112 1 0 1 4 30 0 2703 2703 2703 2703 2703 2703 2703 2703 2703 27063 2703}
R3I112 1 0 2 20 25 2703 2703 2703 2703 2703 2703 2703 2703 2703 2703
pRI1I2 1 0 3 2703 2703 2703 2703 2703 2703 2703 2703 2703 2703

The following list applies to elements contained in each of the three
records,
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TABLE 10, Data Input/Output Subroutines

NAME

DATRO

DATWR

ARRTIM

PRINTE

TESTM

SCREEN

PLOTZ

WNDFLD

WNDPLT

EXPSUM

CODE

778

342

748

452

444

847

6221

925

1017

934

S1ZE (BYTES)
LOCAL
DATA

245

194

78

955

300

1756

5668

1360

1370

353

COMMON
DATA

252

252

36732

34847

28068

35259

28667

25755

25755

36220

92

USE

Reads meteorological data
records from data file,

Writes meterological data to
output files,

Monitors time-integrated
concentrations for puff ar-
rival, writes messages when
thresholds exceeded,

Writes time-integrated con-
centrations and surface
concentrations to disk
files,

Writes out puff information
at end of advection step if
requested (primarily for
model performance
evaluation),

Interactive display of
time-integrated concentra-
tion and surface contamina-
tion at end each hour--for
alpha-numeric terminal.

Provides puff position plots
for graphics terminal and
plotter,

Provides terrain adjusted
surface wind field plots for
graphics terminal and plot-
ter.

Provides observed surface
wind plots for graphics
terminal and plotter,

Provides sumary of check
point status at end of
simulation.



HeCCrC Cotlumrs Farampter Comrents
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i 14 Stakility { »~ 7
1 1b=1im Mixira cecth in tana of meters
1 20 Precipitaticr ccce LI Y

1 £e=~25s Upper level wiro NRFF

2 15=16 A{pr temperatyre tirst lavel

P 19=210 Afr terrerature gecond level

These elements are contained in only one of the records,

Celumrs Faroreters Cearmrenty

=3 YEap tast two CGlpoits only

b Julisr data

710 time b

12 reécard numher 1.2 er 3 wused to check cortinujty of records
27=-30 wine data statier 1+ 11 or 21; ODFF

[

72=75 wind data statice 10, 20 or 307 DDFF

Program listing 11 contains the DATRD code.

DATWR

This subroutine writes the meteorological data to the model summary file
(MESOUT.DAT). It is accessed from MESOI and INIT after they have called
DATRD. The purpose of the module is to record the actual data used in the
simulation atong with the other pertinent information,

The module is a series of formatted WRITE statements which output a
heading, labels and the current data. A sample output as it would appear in
the output file is shown below:

pate FCR JULIAN DAY: AT 312 AT t2:30

STLBILITY CLASS = 2 MIXIMNG DEPTH = J000 METERS PRECIP CODE a 0 AIR TEVPSILD = 20 AND 25
arationa

hINDY 2702 2702 2702 2702 27NM2 2702 2702 2702 2702 2702 2702 1 = 10
2702 2702 2702 2702 2702 27Tn2 2702 2702 270 2702 11 - 20
T 2702 2702 2702 2702 2702 2702 2702 2702 2702 2702 21 = 30

(upner 1 eveB
o]

aly

Winds are in the same format as the original data, DDFF. Direction is in
tens of degrees and speed is in the units of choice.

Program 1isting 12 contains the DATWR code.
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ARRTIM

This module monitors the exposure level at the checkpoints and issues a
message whenever a threshold is exceeded. ARRTIM is called from MESQOI at the
end of each advection step and only if the checkpoint flag {(ARRFL) is set.
The program is primarily a loop to cycle thru the ARRIVL array checking each
point. For each definition, the status is checked to see if the point is
active and if the thresholds have both been exceeded. If either is true, the
point is not checked further. If they are false, then the point location is
used to specify a location on the exposure grid. This cumulative value is
compared to the appropriate threshold. If the exposure exceeds the
threshold, the date and time are entered tnto the ARRIVL array and a message
is printed in both the output file and on the users terminal. Refer to the
discussion of the ARRIVN module for a description of the various elements of
the ARRIVL array.

Program 1isting 13 contains the ARRTIM code,
PRINTE

This subroutine handles the writing of the various exposure and
deposition arrays to the output files, PRINTE is called from MESQOI at the
end of each advection step. To simplify the module, each of the arrays to be
output is equivalenced to a section of the MATR array. Then, a simple loop
can be used to write out the various sections to their respective files., The
character arrays MATRID and MATUNT contain the descriptive title and units to
match each section. The array LUN defines the files to which the various
sections are output. If the deposition flag (DPFLG) has not be set, the
output of the 4 deposition arrays (ADEPOS, BDEPOS, ADPADV and BDPADV) 1is
skipped.

Program 1isting 14 contains the PRINTE code.

TESTM

This module is used primarily in checking the model execution. It is
designed to output significant information about the puffs to enable the user
to verify the various processes of transport, diffusion, decay and
deposition, TESTM js called from MESQOI at the end of each advection step and
only if the option has been enabled and puffs have been released. The user
enables the testing mode by using an asterisk (*) as the first character of
the run title,
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TESTM lists the following information:

1) number of the advection step

2) puff number

3) source number for that puff

4) age of the puff in minutes

5) x and y coordinates of the puff center in grid units

6) x and y movement of the puff that advection step in meters
7) sigma y and sigma z for the puff

8) undepleted puff mass (QP)

9) mass of parent and daughter (ADQP and BDQP}

A sample of TESTM output is shown below:
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1 2700,
1

1 112 7.65  ».00

1

1

1
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2100,
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3Tar 3 24n,.1 A irhE=ad N ANLFenD A, 000F Ay
2¥9a.5 20%,0 2. 118E=03 D, N2GE+00 6, 00DF A
1754, % 27,9 d.114E=03 9,000F 00 g.onnE+nn
30,7 157.% 1,058£=01 0, aBCE+0 o,0nMEsnN
529.5 10,8 1,058E=83  0,0008+00 0, 08ME+0b
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Program Listing 15 contains the TESTM code.

SCREEN

SCREEN provides the user with simple alphanumeric graphic representa-
tions of the exposure and deposition matrices. It is accessed only when re-
quested by the user during output option selection in MESOI.

To keep the module small and general, the arrays that need to be
available for display are equivalenced to portions of the larger array MATR,
Thus, the proper matrix for display can be selected using an array subscript
in MATR. SCREEN begins by presenting a menu on the user’s display terminal:
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WHICH CUMULATIVE MATRIX DO WISH TO DISPLAY?

TOTAL EXPOSURE
DEPLETED PARENT
DEPLETED DAUGHTER
DEPOSITION - PARENT
DEPOSITION - DAUGHTER

O WD) e
nn H non

0 = RETURN AND CONTINUE

i

Unrecognized responses are ignored and the menu presented again. The only
exit from SCREEN is via the O option to 'RETURN and CONTINUE'. The module
does not monitor the deposition flag and any matrix can be displayed whether
it is being used or not by the medel,

A sample of the output from SCREEN is shown below:

STHULATION HULR S JiLIAN JATE: g3 L12 “OUR b
1 PUFF3 ACTIVE CuuULATIVE EXPOSURF (UNGEPLETED)
MASS * HILES / Masl
- * " - & * - * * Y x R * * i - SrYvROL, == YALYF
* * 4l »2 1,NF=17
- * 1 »= ,MEml &
= * 2 »3 1 =15
L * X »x |, NEatY
» * ) »x 1 NE=tT
* 3 T2 1 b o »z ! NCmy 2
* » 3T 4 a5 a & 3 * a >3 1 AF=!
* 4 # & = & § 5 & 4 T | * 7 »E !,0Fatn
* 2 TN ¥a 8 4 i ] » 5 »= 1 NCafg
* 2 1 3 > 1 - 9 »s 1 ,0F=0R
* * * »x 1 _NCany
* »
* *
* -
* »
» *
* * E ] x ¥ 4 * » » * L - * ¥ x

The grid is 16 by 16 and represents the odd numbered nodes of the 31 by
31 matrices. Letters are used to specify location. X is the grid center and
is given for visual reference only. The A - D are used to define the source
locations, The letters are placed at the point closest to their actual lo-
cation on the grid., The numbers represent the values in the selected matrix
at the time that the module was called. The key which defines the categories
and the headings used for each display are set up in DATA statements. If more
than one letter or number is in a given character space, priority is given
first to the letters and then to the numbers,

Program listing 16 contains the SCREEN code,

96



PLOTZ

PLOTZ is a graphics module designed to produce a plot representing the
active puffs, It can be used to easily visualize the distribution of
material on the grid, especially when overlayed with background maps.

PLOTZ uses a Pacific Northwest Laboratory (PNL) version of CALCOMP
graphics software. It also has. some statements which transmit octal numbers
(represented in VAX FORTRAN by the prefix") to control a VISUAL 500 terminal,
However, the module should be easily modified to match other software and
hardware configurations.

The subroutine is called from MESOI whenever the 'P' output option is
selected. It begins by drawing a square display border and a title header,
Source Tocations are translated from grid coordinates to inches from the plot
origin and a symbol is drawn at each source. The puffs are drawn inside a
loop which translates their centers into inches and computes a series of 36
line segments to approximate a circle around the centers at a given radius.
The radii {RADP) are caiculated in the DIFDEP module and can be adjusted to
show that portion of a puff which is considered significant, The plotting
Toop draws only those puffs which are active (i.e. MF = 1).

An example of PLOTZ output overlayed on a map background is shown below,

— TEST HUM FOR ATHIY

orAL E1TY
N\ . ale

\\—/—\_ X 1501 PWE FLOY b LLEILJE §S -

HESOFTIZN?

MESUL BKM Rl
[BACKGRAMID 15

7'\\"%‘“ __///:\

g
. Pﬁ.u

Program Listing 17 contains the PLOTZ code.
WNDFLD

This is a graphics module designed to generate a display of the model
wind field. WNDFLD is called from MESOI whenever the "W" option is selected
as an output option. The program uses a PNL version of the CALCOMP graphics

software. [t creates a file which can be displayed on graphics output
devices, Opening and closing of this file is done within the graphics

package. Use of this module will be system dependent and will require
linking the program to the needed libraries.
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WNDFLD begins by drawing a display border and headings. Then the arrays
containing the station names, elevations and winds are used to 1ist the
current meteorology. Finally, the wind component arrays (UU and VV) are used
to create an arrow to represent the direction and magnitude of the flow at
each grid point. The base of the arrow is located at the grid point and the
arrow length is directly related to wind speed.

A sample of the graphic product generatea by WNDFLD is shown below:
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Program listing 18 contains the WNDFLD code.

WNDPLT

This is a graphics module designed to generate a display of the winds at
the telemetry stations. WNDPLT is called from MESOI whenever the "V" option
is selected as an output option. The program uses a PNL version of the
CALCOMP graphics software. It creates a file which can be displayed on
graphic output devices. Opening and closing of this file is done within the
graphics package. Use of this module will be system dependent and will
require linking the program to the needed libraries,

WNDPLT begins by drawing a display border and headings. Then the arrays
containing the station names, elevations and winds are used to 1ist the
current meteorology. Finally, the station wind arrays (DIR and SPD) are used
to create an arrow to represent the direction and magnitude of the flow at
each station. The base of the arrow is located at the station location and
the arrow length is directly related to wind speed.
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A sample of the graphic product generated by WNDPLT is shown below.
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Program listing 19 contains the WKDPLT code,

EXPSUM

This module is called from MESOI whenever simulation is terminated and
the checkpoint flag {ARRFL) has been set to indicate active checkpoints,
EXPSUM is called before the MODEND subroutine and thus summarizes exposure
only over a single simulation. The arrays used in checking are reset if the
simulation is restarted. 1In the current model (Version 2.0), only the total
cumulative air concentrations are monitored during the checking,

EXPSUM consists of a series of formatted WRITE statements which output
headings and the contents of the ARRIVL array to both the user's terminal and
model output file {MESOUT). When called, the subroutine first checks the
EXPFLG to see if any checkpoints have been exceeded. If not {EXPFLG = 0) a
message to that effect is printed and the subroutine returns,
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If the flag is set, EXPSUM executes a loop to check the contents of the
ARRIVL array and to print information for those checkpoints at which cumula-
tive exposure exceeded at least one of the thresholds set in ARRIVN.
Initially, the 3rd column of the array (ARRIVL(3,J)) is checked. If it is
greater than one, the checkpoint is active, Next, the final cumulative ex-
posure of an active checkpoint is determined. If it does not exceed the
first threshold, no further reporting is done for that point. The intent is
to summarize only those points which received significant exposure.

When the c¢riterion are met for display, the contents of the ARRIVL array

and the final exposure are written to the two files. A sample output is
shown below:

EXPOSURE SUMMARY FOR MESOI — > =TEST FOR CHECKPOINTS

CHECKPOINT EXP X,Y EXCEEDED FINAL
MAE COORDINATES 1.P88E-15 1.820E-10 CONCENTRATION
DAY TIME DAY TIME

ERAST 1 9. 17, 112 115 112 138 4.B67E-49
EFAST 2 1i. 7. 112 138 122 28 1.456-03
NE @ 17, 19. 112 348 g ea 4.477E-12
208 EAST 15, 19, 112 245 0 P9 1.436E-12
Z0B WEST 12, 18. 112 2'9 a 28 1.8358-11
GRELE MT 17. 19. 112 3@ g 8a 4.477E-12
LANDFILL 17. 16. 112 245 g 2@ 7.241E-11
ARMY LP 14, 1s6. 112 215 2 O 3.914E-11

For each exposed checkpoint is listed:

checkpoint name

location in exposure grid units

date and time (to nearest advection step) when the thresholds were
exceeded.

final concentration at end of simulation.

Program 1isting 20 contains the EXPSUM code,
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DATROD MESQ] YERSION 2.0
Meteorolegical data input moduls

Athay, G.F., J.Y. Ramsdell, C.5. Glantz
Pacific Northwest Laboratory

PQ Box 599

Richland, Washlngton 99352

Created: 6/1/83
Updated:

Description: Subroutine to read the metearological data. The
calling program passes tha unft number on which the observation
or forecast information Is )ocated.

Ralatlonship to other modules:

Makes calls ta: NONE

Called from: MESOI, INIT

OQOOnNOoOOOOnNOoOOOOOoOOaQon0O0O0n

I NS0 U NI N BSOS I T A
SUBRQUTINE DATRD (LUINDX, SHR, IADW}

INQLUDE "OATIM. thC*
INCLUDE 'UNITS. INC?

IREAD = 1
100 READ (LUN(LUINDX}, 200, ENO=900, ERR=800, I05TAT=IER) DYR,
DOAY, DHR, CMIN, DREC, STAB, LDEFTH, PRECIP, LPWIND,
+  (DATALD),1=1,10)
200 FORMAT (1%, 12,13, 12,12,10, 11,0, 11, 1%, 15,1%, [1,11¢1X, i4))

+

IREAD = 2
READ (LUNCLUINDX), 210, END=9CQ0, ERR=800, IDSTAT= ER) TEMPA,
+ TEMFER, (DATACI), !=11,20)
210 FORMAT (13X, 13, 1X, 13, 3X, 1001X,14)}

IREAD = 3
READ (LUN{LMINDX), 220, ENO=30Q, ERR=800, IOSTAT=IER)
+ (DATALL), 221,300
2720 FORMAT (25X, 10(1X, 14

iF (LUtNDX B}, 31 THEN
1READ = 4
READ {LUN{LUINOX), 230, ENO=9Q0, ERR=80G, [OSTAT=IER) NXTDAY
230 FORMAT (35X, 13}
BACXSPACE LUN{LLINOX)

ENDIF
RETURN
800 PRINT *, *DATRD »»> ERROR ', IER, 'AT RECDRD ', {READ,
+ PON UNIT P LUNS LU INDX)
PRINT #, SIMILATION HOUR ',3HR, '  ADYECTION STEP = ', iAD¥
s$oP

90D PRINT ®, 'DATRD >> EOF AT RECORD ', {READ, * UNIT ', LUN{LUINDX)}
PRINT », STMJLATION HOUR ',SHR, '  ADYECTION STEP = f, |ADY
STOP
END

Program Listing 11 Subroutine DATRD
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JATVR MESG!  VERSIOM 2.0
Yetgorological data output module

Athey, G.F., l.¥. Ramsdeil, C.5. Glanfz
Pacific Northwest Laboratory

PO Box 999

Richland, Washington 98352

Created: &/1/85

[
C
C
c
c
c
C
G
c
c
C Updated:

o

C Description: Subroutine to 1ist the basic meteoroiogical [nput
o gata to the specified gqutput flia. Callad after ‘DATRDY

c has been used,

c

C Ralatlonship to ofher modules:

C

C Makes calls to: MONE

~

c Called from: MESOI, INIT

c

c

EAW NN A N IR B TR

SUBROUTINE DATWR

INCLUDE *DATIM, INC?
INCLUDE 'UNITS. INC!

WRITE (LUN{S),100) DYR, OOAY, DHR, DMIN
100 FORMAT (/5x, 'DATA FOR JULIAN DAY: ', 12,1X,13," AT 1,12,':°, 12/}

WRITE (LUN(5),120) STAR, LOEPFTH, PRECIP, TEMPA, TEMFB
120 FORMAT (X, 'STABILITY CLASS = *,{f, 3X, 'MIXING DEPTH = 1,14,
t METERS', 3X, 'PRECIP (ODE = ', 11, 3X,
+ 'AIR TEMPSICY) = ', I35, ' AND *, 13/}

+

WRITE (LUNCSY,140) UPWIND, (DATA(1Y, I=t, 10}
140  FORMAT (8X, 'WINDS', 3X, 14, 1X, 1001X, 14})

WRITE {LUN{5),163) (DATAC1), Istt, 200
WRITE (LUN{S),t60) (DATACI), (=21, 30}
1860  FORMAT (21X, 10(1X,14))

RETURN
END

Program Listing 12 Subroutine DATWR
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ARRT 1M MESO1  YERSION 2.0
Manitor checkpoint thresholds

Athey, G,F., J.¥. Ramsdeit, C.5. Glantx
Pacitie Northwest Laboratory

PO Box 999

Rlchiand, Washlngton 99352

Created: 6/1/83
Updated:

Cescription: Subroutine o report the arr!val of transported
mater fal at spacifled checkpoints on the axposure grid.
The points are checked at the end of sach advection step.

c
C
c
C
Cc
c
c
c
Cc
C
[
c
c
c
Cc
c A report Is made when THRSH! or THRSHZ is exceeded.
c

Cc Ralatlonship 4o other moduies:

c

C Makes calls to: MONE

c

c Called fram: MESQI

c

c

L Yy e Ty F e IR 2 e Y o
SUBROUTINE ARRTIM (TINC}

INCLUDE 'ARRIY. INC"
INQLUDE "COONST, INCT
FNCLUDE 'DAT IM. INC!
INCLUDE 'MATRIX, INC!
(NCLUDE *UNITS. INC!

INTEGER MIN

MIN = TINC * 60

oo %00 J =, 35
IF [ARRIVL(3,J] .ER. O} GOTD %500
IF {ARRI¥LL3, )} (GE. 3) GOTD 500

INDX = MRRIVL(1,J7 + 0.5
JNDX = ARRIVL{Z,J) + 0.9

IF (ARRIVL{3,4) .EQ .2} GOTD 250
IF (EXPCUM(INDX, JNDX) .LT. THRSH1) GOTD 500
EXPFLG = 1

ARRI¥L{3, ) = 2
WRITE (LUN(Z),100) PREYDY, PREYHR, MIM, ARRIYL(4,)),

+ ARRIVL(S,d}, THRSHT
WRITE (LUN(5),100) PREYDY, PREYHR, MIN, ARRIYL{4,J),
+ ARRIYL(S,J), THRSH1
100 FORMAT (/3X, 'JDAY ', I3, v AT ', 12, ':', |2,
+ ' EXPOSURE AT ', ZAd, ' EXCEEDS *, IPFE1(.3/)

ARRIYL(6, 4} = PREVOY
ARRIVL(T, ) = PREVHR
ARRI¥LIB,J} = MIN
GOTD 500

250  IF (EXPOUM{INDX, JNDX} LT, THRSH2) GOTD 500

ARRIVLI3,J) = 3
WRITE (LUN(2),.100) PREYQY, PREVHR, MIN, ARRIVL{4,6J),

Program Listing 13 Subroutine ARRTIM




+ ARRIVL(S,J), THRSHZ

WRITE (LUN(S5),100) PREVDY, PREVHR, MIN, ARRIVL{4.J),
+ ARRIVL(5,J), THRSHZ

ARRIVL(9,J) = PREVDY

ARRIVL{10,J) = PREVHR

ARRIVL{11,J} = MIN

500 CONTINUE
RETURN
END

Subroutine ARRTIM (cont'd)

104



CEw*x AR R EEERARN SRR AR AT E RN T R RN

PRINTE MESQI VERSION 2.0
Qutput of printer compatible filaes

Athey, G.F., J.¥., Ramsdell, C.5. Glantz
Paciflc Northwest Laboratory

PO Box 99%

Richlang, Washlngton 99352

Created: &/1/83
Updated:

Description: Handies the output of the matrices to separate
dlsk files.

Relatlonship to other maduies:
Makes calls to; NOWE

Cc
Cc
C
C
c
c
c
c
C
c
c
C
c
C
C
c
c
c
c
c Caijed fram; MESDI
C

C

L T e T P YT LT PPN e
SUBRQUTINE PRINTE (SHR, IACY, DDAY, OHR, DMIN, IPSUM, DPFLG)

INCLUDE 'CHAR. INC!
INCLUDE TMATR I X, INC'
INCLUDE 'UNITS. INC?

REAL MATRE3Y, 31, O
INTEGER SHR, DDAY, CHR, DMIN, IPLUS, DPFLG

EQUIVALENCE (MATR(1,1,1), EXPCUM)
EQUIVALENCE (MATR(1,1,2), AXPDPL)
EQUIVALENCE (MATR(1,1,3), BXPDPL)
EQUIVALENCE (MATR(1,1,4), AXPACY)
EQUIVALENCE (MATR(1,1,5), BXPAIV)
EQUIVALENCE (MATR(1,1,6), ADEFQS)
EQUIVYALENCE (MATR{1,1,7}, BDEPOS}
EQUIYALENCE (MATR{1,1,8), ADPADY)
EQUIVALENCE (MATR(1,1,9), BOPADY)

CHARACTER¥*50 MATR ID(9)
CHARACTER*20 MATUNT(9)

DATA MATRID /

+  YQUMULATIVE EXPOSURE (UNDEPLETED) ‘.
+  'DEPLETED PARENT == CUMILATIVE EXPOSURE 'y
+  'DEPLETED DAUGHTER -— CUMJLATIVE EXPOSURE T,
+  'DEPLETED PARENT =~ ADNVECTION PERIOD EXPOSURE ',
+  'DEPLETED DAUGHTER -~ AINECTION PERIOD EXPOSURE T,
+  'PARENT DEROSITION == CUMILATIVE t
+  'DAUGHTER DEFOSITION == CUMUCATIVE .
+  "PARENT DEPOS!TION —— AINECTION PER!OD ',
+  'DAUGHTER DEFOSITION -- AINECTION PERIDD v

DATA MATUNT /

'MASS * HOURS / M¥#3 t,
fMASS ® HOURS / MW®#3 1,
'MASS E HOURS / M3%3 1,
TMASS ® HOURS / M%#3 ¢,
fMASS * HOURS / Mwx3 1,
fMASS [/ MaN2 ',

IR

Program Listing 14 Subroutine PRINTE
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+ 'MASS / M**2 Yy

+  'MASS / M¥¥2 N
+  'MASS / Mw*2 s
LUINDX = 6

DO 200 M =1, 9
IF (DPFLG .EQ. 0 .AND, N .EQ. &) RETURN

IPLUS = O
WRITE (LUN{LUINDX),100} TITLE, RDATE, RTIME
100 FORMAT ('l', 4X, 50Al, /60X, A8, 2X, A8/)
WRITE (LON(LUINDX),110} HATRID(H}, HATUNT(N]
110 FORMAT (/5X, AS0D, 2X, A20/)
WRITE {LUN{LUINDX),120} SHR, IADV, DDAY, DHR, DHIN, IPSUH
120 FORMAT (5X, 'SIMULATION HOUR ',12, ' ADVECTION STEP ', IZ,
+ 5X, 'DATA FOR DAY ‘', 13, 3X,' AT ', 12, ':f, 12/,
+ 7X, 14, ' PUFFS ACTIVE'/)

DO 160 L = 1, 3
WRITE {LUM{LUIMDX),130} (I+IPLUS,I=1,l1)
130 FORMAT (1HO,' Y COORDIHATE OF',25X,' X COORDINATE ',
* 'OF THE GRID POINTS', /2X, ' THE GRID POINTS', 14, 11I10/)

Do 150 J = 1, 31
WRITE (LUN(LUINDX),140) 32-J, (MATR(I,32-J,N},
+ I=1+IPLUS,11+1IPLUS)
140 FORMAT (Ill, 5X, 1P11El0.2}
150 CONTINUE

IPLUS = IPLUS + 11
160 COUTINUE
LUINDX = LUINDX + 1
200 CONTINUE

RETURN
END

Subroutine PRINTE {cont'd)
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TESTM MESQ) ¥ERSION 2.0
Testing mode output module

Athey, G.F., J.Y. Ramsdel{, C.5. Glantz
Paclfi¢ Northwest Laboratory

PO Box 999

Richland, Washington 69352

Created: &1/83
Updated:

Description: Subroutine to print add!tlgnal puff informatiaon
when the model is run In the testing mode,

Relatlonship to other modules:
Makes calls to: NONE

c
C
c
C
c
C
C
c
C
c
C
[
c
c
C
c
C
c
c
c Called from: MESCH
c

[

L T T Y R e I PR Py e
SUBROUTINE TESTM (1AD¥, SHR, DELXY)

INCLUDE '"RUFFS, |NC!
[NCLUDE 'UNITS, INC?

INTEGER SHR

{F. (JADV .EQ. 1 .OR. IFIRST .NE. 1) THEM
WRITE (LUN(5),100) SHR
100 FORMAT (1%, /10X, 'TESTING MDDE —- PUFF DESCRIFTORSY,
* ' FOR SIMULATION HOUR !, I2)
WRITE (LUMIS), 110}
10 FORMAT (//1X, 'ADNC PUFF SRC AGE GRID GRID 7',
+ 4X,'MDVE X', 4X, 'MOVE Y', 5X, 'SIGMA Y SIGMA Z', 9X, ‘0P,
+ 9x, 'AQPY, aX, (BOOP*)
WRITE (LUNCS), 1200
120 FORMAT (1X, 'STEP  NO', 8X, T(MIN}', 4X, 'X!, 6%, 'Y")
ENDIF

WRITE {LUN{5},130)
130 FORMAT [tX)

00 200 M = 1, TRUFFS

XMOVE = DXS{M) * DELXY
YMOVE = DYS{M) * DELXY

WRITE (LUN{5),150) tACW, M, SP(M), AGE(M), XP{M), YP(M),
+ ZP{M), XMOVE, YMOVE, SIGMAYIM}, SIGMAZ(M), QP{M],
+ ADQP{M), BOQP(M)
150 FORMAT (2%, {2, 3X,13, 4X, 11, 2X,I5, 3X,F5.2, 2X,F5.2,
+ 2X,F4.0, ZU3X,FT.0), 2%, 2{2X,FT.1), 2X, 3(2X,1PE10,3)}
200  CONTINUE

IFIRST = |

RETURN
END

Program Listing 15 Subroutine TESTM
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SCREEM MESOI VYERSION 2,0
Qutpyt module for visual display tarminal

Athey, G.F.., J.¥, Ramsdeil, C.5. Glantz
Paclfic Morthwest Laboratory

PO Box 999

Richland, Washlngton ©9352

C

C

c

c

c

c

c

c

c

[ Created: &/1/83

c Updated:

c

c Description: Any of the cumulative matrices can be displayad in
C simpfe graphical form using alphanumeric characters,

C
c
c
C
C
o
c
¢

Re| ationship to ather modules:
Makes calls to: NOME

Called from: MESOI

RERTRNEEFERHRAA AR R R A AR RRATRE SRR R RAR AR ERRS S S

SUBRQUTINE SCREEN { SHR, [PSUM }

INQLUDE "CHAR. INC*
INQLUDE "DATIM. INC?
INCLUDE *MATRIX, INC?
INCLUDE *REL. INC*
INCLUDE 'UNITS. INC?

REAL ¥ALUE{11,9), MATR(31,31,9])
INTEGER SHR

CHARACTER®] DISPLES0}, SORSYM{4), SYMBOLIT])
CHARACTER®S BORDER(16)
CHARACTER®35 HEADR1(9), HEADR2(9)

EQUIVALENCE (MATR(1,1,1), EXPQUM}
EQUIYALENCE (MATR(1,1,2), AXPOPL)
EQUIVALENCE (MATR(1!,1,3), BXPOPL)
EQUIVALENCE (MATR(1,1,4), APADNV)
EQUIVALENCE (MATR{1,1,5}), BXPADY)
EQUIVALENCE (MATR{1,1,6}, ADEFDS}
EQUIYALENCE {(MATR(1,1,7}, BDEFOS)
EQUIVALENCE {MATR(1,1,8), ADPADY)}
EQUIVALENCE {MATR(1,1,9), BOPADY!

DATA BORDER/16%! ¥ */
DATA SYMBOL/ Ot H{Y, t29,037, 141,751 168, ¥71 1B gt 14vf
DATA SORSYM/TAt rgf 7Ct 101/

C % DEFINE THE BINS FOR CODING OF DISPLAY CHARACTERS FOR EAOH OF
c THE FIVE MRRAYS

DATA ( VALUE(I,1),)=1,11 ) / 1.0E=+7, 1.0E=-16, 1.0E-15, 1.0E-14,
+ 1,0E=13, 1.0E~12, 1.0%£-11, 1.0E-10, 1.0E-09, 1.0E-08, 1.0E-07/

DATA  VALUE{!,2Y,I=1,11 ) / 1.0E-17, 1.0E-16, 1.0E-18, 1. 0E-14,
+ 1.0E~13, 1.0E=-12, 1.DE=11, 1.0E=10, 1.0E-0%, 1.0E-08, !.0E-07/

DATA ( VALUE(I,3),I=1,13 ) . i.0E-}?, 1,0E-16, 1.0E-15, 1.DE-14,
+ 1.DE-13, 1.0E-12, 1.0E=11, 1.0E-14, 1.DE-09, 1.0E=0B, 1.0E-07/

Program Listing 16 Subroutine SCREEN
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DATA ( VALUE(I,6),I=1,11 ) / 1.0E-17, 1.0B-16, 1,.0E-15, 1.0E-14,
+ 1,0E-13, 1,0E-12, 1.0E-11, 1.0E-10, 1.0E-09, 1.0E-08, l1.0E-07/

DATA ( VALUE(I,7),I=1,11 ) / 1.0E-17, 1.DE-16, 1.0E-15, 1.0E-14,
+ 1.0E-13, 1,0E-12, 1.0E-11, 1.0E-10, 1.0E-09, 1.DE-08, 1.0E~-07%/

DATA HEADR1(l) /' CUMULATIVE EXPOSURE (UMDEPLETED} '/
DATA HEADR1 (2} /' DEPLETED PARENT - CUMUL EXPOSURE '/
DATA HEADR]{3) /'DEPLETED DAUGHTER - CUMUL EXPOSURE '/
DATA HEADRL (6) /' PARENT DEPOSITIOH - CUMULATIVE v/
DATA HEADR1 {7} /'DAUGHTER DEPOSITION - CUMULATIVE i

DATA HEARDR2{1} /'MASS * HOURS / M¥*+¥3 Wi
DATAE HEADRZ(2) /'MASS * HOURS / M¥+*3 i
DATR BEADRZ(3} /'MASS * HOURS / H¥*3 i
DATR HEADR2(6) /'MASS / H*w*2 '/
DATA HEADRZ{7) /'MASS / M**2 '

100 WRITE (LUN(2},110)
110 FORMAT (/5X, '"WHICH CUMULATIVE MATRIX DO YOU WISH TO DISPLAY?',

+ /7%, 'l = TOTAL EXPOSURE '

+ /1%, *2 = DEPLETED - PARENT',

+ /7X, '3 = DEPLETED - DAUGHTER',

+ /7%, '6 = DEPOBITION - PARENT',
+ /7%, 'T = DEPQSITION - DAUGHTER',
+ //1X, "0 = RETURM AND CONTINUE'/)

READ (LUN(1),120,ERR=100) ISEL
120 FORMAT (I}

IF (ISEL .LT. Q0 .OR. ISEL .GT. 7} GOTO 100

IF (ISEL .EQ. 4 .OR, ISEL .EQ. 5) THER
PRINT *, ' PRODUCT HNOT AVAILABLE FOR SCREEN DISPLAY'
GOTO 100

ENDIF

IF (ISEL ,EQ. 0} RETURN

C ** SCREEN DISPLAY OF SELECTED HOURLY OUTPUT

WRITE (LOHW{2),130} TITLE, RDATE, RTIME
130 PORMAT (5X,50Al,/,60X,A8,2%X,AB,/}
WRITE (LUN{2},140) SHR, DYR, DDAY, DHR
140 FORMAT (35X, *SIMULATION HOUR ',I2,15X,'JULIAN DATE: ',IZ2,2X,
+ I3,3X,"BOUR ', I2)
WRITE (LUN{2},130) IPSUM, BEADR1{ISEL), BEADR2{ISEL)
150 FORMAT (/3X, I4, ' PUFFS ACTIVE', 11X, A3S5, /37X, A35)

WRITE (LUN(2),160} BORDER

l6eQ FORMAT (2X, l6A3, 5X, 'SYMBOL == VALUE')
DISPL(l) = '**
DISPL(50) = '»'

DG 230 N = 1, 16
DO 170 T = 3, 49
DISPL(I} = ' *
170 CONTINUE

DO 190 I = 1, 16
IF (MATR{I*2~1, 33-(H*2), ISEL) .LT. VALUE(1l,ISEL)) GOTO 190
DO 180 K = 2, 11
IF {MATRI(I*2-1, 33-(N*2), ISEL}) .LT. VALUE(K,ISEL)) THEN
DISPL(I*3) = SYMBOL({K~-1)
GOTO 130
ENDIF
l1a0 CONTINUE

Subroutine SCREEN {cont'd)
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DISPL(I*3) = SYMBOL(1l)
190 CONTINUE

% PUT CHARACTERS 'A,B,C OR D' AT RELEASE POINTS
PUT CHARACTER 'X' AT GRID CENTER

DO 200 I = 1, NSOURC

IF {(IFIX{¥YSOURC{1})) .EBQ. 16-N) THEN
DISPL{IFIX((XSOURC(I)+1.0)*3+0.5)) = SORSYM(I]
ENDIF
200 COHTINUE

IF (N .EQ. %} DISPL{2%} = 'X°'

IF (N .LT. 12) THENW
WRITE {LUN{2},210) DISPL, SYMBOL(N), VALUE{N,ISEL)

210 FORMAT (1X, S50Al, 7%, Al, 4X, '»=', 1X, 1PE7.1)
ELSE
WRITE {LUN{2), 220} DISPL
220 FORMAT {1X, 30Al)
ENDIF

230 CONTINUE
WRITE (LOW(2},240) BORDER
240 FORMAT {(2X,16A3)
PAUSE 'TYPE C TQ CONTINUE'
GOTO 100
END

Subroutine SCREEN (cont'd)
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PALOTZ

Athey,

OOCOOO0O00OO00O00000000000

Created:
Updated:

Makes calls to:

Callad from:

MESOI YERSION 2.0

Puff plotting module

G.F., J.¥, Ramsdeli, C.S. Glantz

Paclfic Northwest Laboratory
PO Box 999
Richland, Mashington

99552
61/ 83

Description: This subroutine allows dispiay of the active puffs
on the grid. The subroutine must be tailored fo the computer
hardware available. This module uses a Battelle version of
CALCOMP and is designed to utiiize a VISUAL 500 fterminal.

Relatlonship tc other nodules:

ATCHAR

MESOI

FEERERRAAERE BRI RRR RN N RN

SUBRQUTINE PLOTZ

INCL UDE
tNCLUDE
INCLUDE
INCLURE
INCLUDE

TCHAR. INC*
'DATIM, INC*
'PUFFS, INC!
'REL . INC?

'UMITS. INCY

CHARACTER®*S COATE, DTIME

OTR = 0.0174532925

CALL

DTCHAR (DYR, DODAY, DHR, OMIN, DDATE, DTIME!

SET VISUAL 500 TERMINAL TO ALPHAGRAPYICS 'DDE

inT =0
WRITE (LUNC1Y, 100 57

ol

CALL
CaLt

CaLL
CALL
CALL
CALL
CALL

GALL
CALL
CALL

FORMAT ('+t, 5A1)

INITIALIZE PLOTFILE, SET SIZE, DRAW A BORDER AND HEADERS

PLOTS (0.0, 0.0, LUN(IS)}

FACTCR (1.0}

ALOT (0.0, 0.0, 3)

ALOT (8.5, 0.0, 2}

ALOT (8.5, 8.5, 2)

ALOT (0.0, 8.5, 2)

AT (0.0, 0.0, 2

SYMBOL (1.0, 9.0, 0.42, 'MESQI RUFF PLQT *, 0.0, 15
Syl (9,2, 8.0, 0.21, DDATE, 0.0, 9}

svvBQL (9,2, 7.5, 0.21, OTIME, 0.0, ©)

PUT A SYMBOL AT EACH SOURCE LOCATION

o 200 1 = 1, NSOURC

Program Listing 17 Subroutine PLOTZ
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XSP = XSQURC(I) * 0.5687

YSP = YSOURC(I) * (0.5667

CALL SYMBOL (XSP, YSp, ¢.28, 11, (.0, =1}
200 CONTINUE

[of ** DRAW A CIRCLE (36 LINE SEGMENTS) FOR EACH PUFF ACTIVE

DO 500 I = 1, TPUFFS
IF (MF{I) .EC. 0) GOTO 500
PX = XP(I} * 0.5667
PY = YB{I) * 40,5667
PLEN = RADP({I) * 0.5667

DO 400 J = 19, 370, 10
BADJ = (J - 10) * DTR
CIRCX = PX + (QIN(RADJ} * PLEN)
1IF (CIRCX ,LT. 0.0} CIRCX = 0.0
IF (CIRCX .GT. 8.5) CIRCX = 8.5

CIRCY = PY + (COS{RADJ} * PLEN)
IF (CIRCY .LT. 0.0} CIRCY = 0.0
If (CIRCY .GT. 8.5} CIRCY = 8.5

IF (J .EQ. 10} THEN
IPEN » 3

ELSE
IPEN = 2

ENDIF

CALL PLOT (CIRCX, CIRCY, IPER)
400 CONTINUE
IPLT = IPLT + 1
500 CONTINUE

c *+ CLOSE PLOTFILE AND DISPLAY

CALL PLOTND
PRUSE

c ** (CLEAR ALPHAGRAPHICS DISPLAY AND RETIURN TO ALPHARUMERIC HODE
WRITE (LUN(1),10} ®33, "14
WRITE (LUN(1},1Q) "3¢
PRINT *, IPLT, ' PUFFS PLOTTED '

RETURN
END

Subroutine pLOTZ (cont‘'d)
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ANOFLD MESDI  VERSION 2.9
Wind fielg plot module

Athey, G.F., J.¥. Remsoeli, C,5. Glantz
Pacific Morthwest Laborataory

PO Bax 999

Righland, Washington 99352

Created: &' 1/83
tpoated:

Description: Graphics generation program to display the wind fleld.
Madute uses the arreys UU and VY.

Relationship to other modules:
Makes calis to: OTCHAR, DIRSPD

Calied from: MESQI

DOOOOO0COo0OoOnonDOnnOonn

REFFERRREER AT TR FBRRARBERRRREFHEE RN SRR FFRRLE NN LTSRN TR E TSR N

SUBROUTINE WNODFLD

INCLUDE 'CHAR. INC®
INCLUDE *DATIM. INC?
INCLUDE *STATM. INC?
INCLUDE FUNITS, JNC*
INCLUDE *WINDS, iNC'

CHARACTER*9 DOATE, DTIME
CHARACTER®*24 STABOL(7)

DATA STABOL / 'A - VERY UNSTABLE

1

* ‘B - MCOERATELY UNSTAALE ',
+ 'C - SIGHTLY UNSTABLE 7,
+ 'D - NEUTRAL Yy
+ 'E ~ SLIGHTLY STABLE L
+ 'F - MODERATELY STABLE ',
+ 'G -~ YERY STABLE v/

ARRMIN = 0.3

ARRINC = 0.1

CALL DTCHAR (DYR, DDAY, [MR, DMIN, DDATE, UTIME}
C #* SET VISUAL 50D TERMINAL TO ALPHAGRAPHICS MODE (SEND <US>)

WRITE (LUNCT}, 100 "37
10 FORMAT ('+', 5A1)

C#* NIT{ALIZE ALOTFILE, SET SIZE, ORA BORDER AMD HEADERS

CALL PLOTS {0.0, 0.0, LUN(16})
CALL FACTOR (1.Q)

CALL PLOT (0.0, 0.0, -3
CALL AOT (0.0, 0.0, 20

CALL ALOT (8.5, 0.0, 2}
CALL ALOT (8.5, 8.5, 23
CALL ™07 (0.0, 8.5, 2}
CALL AQT (0.0, 0.0, 2

Program Listing 18 Subroutine WNDFLD
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CALL S5YMBOL
CALL SYMBOL
CALL S5YMBOL
CALL SYMBOL (8.6,9
CALL SYMBOL (8.6,8

(1.6, 9.0, 0

.9,0.2

X0RG = 0.0
¥YORG = 0.0

DTR = 0.0174532925

CALL SYMBOL (8.%, 0.3, 0

CALL SYMBOL (B.9%, 0.7,
CALL SYMBOL (10.8, 0.7,
CALL SYMBOL (8.9, 1.1,
DEPTH = FLOATJ{LDEFTH)

CALL NUMBER (11.4, 1.1,
CALL SYMBOL (12.4, 1.1,
CALL SYMBOL (10.9%, 0.3,

C ** [LIST THE STATIONS NAMES,

500
C e
C &
c *
C kW

YCOORD = 8.5
DO 500 J = 1, ACTSTA
CALL SYMBOL (8.8,

FNUM
CALL
FNUM
CALL
FHUM
CALL
YCOORD = YCOORD - 0.30
CONTINUE

= FLOATJ{(ELEV(J))
= FLOATJ (SPD{J))

= PLOATJI (DIR(J))

YCOORD,

.42,

1!

21,

g.21,
0.21,
0.21,

0.21,
g6.21,
0.21,

'MESOI WIND FIELD', 0.0, 16)

ELEV

{8.6,10.0,0,21, 'HANFORD TELEMETRY STATIONS',0.d,26)
{8.6,9.7,0.2L, ' ARROWS IN DIRECTION OF FLOW ',0.0.,28)
«2,0.21, ' 5TATION
KAME METERS MFH

SPEED DIRECT',0.0,28)
DEG',0.0,26)

DDATE, 0.0, 92)

'STABILITY = ', 0.0, 12}

STABCL (STAB), 0.0,

24)

'MIXIRG LEVEL =', 0.0, 14}

DEFPTH,

0.0, =1}

'METERS', 0.0, &}

DTIME, 0.0,

a)

ELEVATIONS AND WINDS

0.21, NAMST{I),

0.0, &)

WUMBER (10.3, YCOORD, 0.21, FNUM, 0.0, -1}
WUMBER (11.4, YCOORD, Q.21, FNUM, 0.0, -1}

WUMBER (12.4, YCOORD, 0.2}, FNUM, 0.0, -1)

DRAW AN ARROW ORIGINATIKG AT EACH GRID POINT TO REPRESENT THE
MAGHMITUDE AND DIRECTICH OF THE WIND FLOW.

Do 610 I=1,16
Do 600 J=1,16
PX1l = XORG + (I * 0.
PYl = YORG +

3

(3 * 0.5)

CALCULATE A SPEED AND DIRECTION FOR EACE GRID POINT BASED

ON THE ARRAYS UU AND VV.

CALL DIRSPD { UU(I.J}, VV(I,J3}, DIRECT.

SPEED )

ARRLEN = ARRMIN + {ARRINC * (SPEED / 5 + 0.5}
DIRECT = (360 ~ (DIRECT - %0)} + 180

IF {DIRECT .GT.
POINT = DIRECT * DTR

PXZ = COS(POINT] * ARRLEN + PX1

PYZ2 =

CALL PLOT (PX1l, PY1,
CALL PLOT (PX2, PXZ2,

ARRLEN = ARRLEN / 4
AHD1 = DIRECT + 135
IF {AHD1
AHDZ = DIRECT =~ 135
IF {(AHD2 .LT. 1} AH

33
2)

.GT. 360} AHDI =

D2 =

SIN(POINT) * ARRLEN + PY1l

ABD1 - 360

AHDZ + 360

360} DIRECT = DIRECT - 360

Subroutine WNDFLD (cont'd)
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BPX1l = COS(ARD1*DTR) * ARRLEN + PX2
BPY1l = SIN(AHD1*DTR) * ARRLEN + PY2
BPX2 = COS(AHD2*DTR) * ARRLEN + PX2
BPY2 = EIN(AHND2*DTR} * ARRLEN + PY2

CALL PLOT (BPX1l, BPYl, 2)
CALL PLOT (BFX2, BPY2, 2)
CALL PLOT (PX2, PY2, 2}

600 CONTINUE
610 CONTINUE

** CLQSE THE PLOTFPILE AMD DISPLAY

CALL PLOTND
PAUEBE

** CLEAR ALPHAGRAPHICS SCREEN AND RETURN TERMINAL TO ALPHAKUMERIC
. MODE {SEND <ESC> <FF> AND <CAN>)

WRITE {LUNW{1}.,100 "33, "l4
WRITE {LUN({1],10) "30

RETURN
END

Subroutine WNDFLD {cont'd)
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HNDPLT MESO! YERSION 2.0
Station wind alet module

Athey, G.F., I.¥. Ramsde!l, C.3. Glantz
Pacific Northwest Laboratory

PO Box 999

Richiand, Washington 99352

Created: &/1/83

C
C
[y
C
C
C
c
c
c
C
c Updated:

C

C Descriprion: firaphics generation program ro display the wind vectors
C st the telemetry stations. Product is scaled for use with

C the background maps.

C

c Relationship to other modules;

c

c Makes calls tor OTCHAR

“

C Called from: MESO!L

C

c

FREFERAANNEEEARARA AR EERBEFELERAA R RAREA R AR RS EFEREARERRRT AR RFREF SR

SUBROUTINE wNDPLT

INCLUDE *CHAR, INC'
INCLUDE *DATIM. INC*
INCLUDE "STATH. HNC*
{NOLUDE *UN!TS. INCY
{NCLUDE 'WINDS. INCT

CHARACTER*S DDATE, DTIME
CHARACTER*24 STABQLLT)

DATA STARCQL / 'A ~ VERY UNSTABLE '

+ '8 - MODERATELY UNSTABLE r,
* IC - SLIGHTLY UNSTASLE ',
+ ' -~ NEUTRAL ',
* 'E - SLIGHTLY STABLE 1,
+ *F - MODERATELY STABLE ',
+ G — YERY STABLE vy

ARRMIN = 0.3

ARRING = 0.1

CALL DTCHAR (OYR, DDAY, CHR, DMIN, DOATE, DTIME}
C %% SET VISUAL 500 TERMINAL TO ALPHAGRAPHI(S MDDE (SEND <US>)

WRITE (LUNC13,10) 937
10 FORMAT ('+', SA1)

C = NITIALIZE PLOTFILE, 3ET SIZE, DRAM BOFDER ANMD HEADERS

CALL PLOTS (0.0, 0.0, LUN{16))
CALL FACTOR (1.0}

CALL FLOT (0O, 0.0, -3)
CALL PLOT (0.0, 0.0, 2}
CALL ALQT (8.5, 8.0, 27
CALL ALOT (8.5, 8.5, 2)
CALL PLCT (0.0, 8.5, 2)
CALL A0T (0.¢, 0.0, 2

Program Listing 19 Subroutine WNDPLT
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*n

00

*
* &

CALL SYMPOL (1l .0, G
CALL SYMBOL (8
CALL SYMBOL (8.
CALL SYMBOL (8

{8

CALL SYMBOL .2

KORG = 0.0
YORG = 0.0

DTR = 0.0174532025

.42, 'STATICN WIRD PLOT ', 0.0, 18)

1,' HAME METERS MPH DEG',0.0,2

CALL SYMBOL (8.9, 0.3, 0.21, DDATE, 0.0, %

CALL SYMBOL (8.9, 0.7,
CALL SYMBOL (10.8, 0.7,
CALL SYMBOL {8.9, 1.1,

DEPTH = FLOATJ{LDEPTH}

CALL NUMBER (il.d4, 1.1,
CALL SYMBOL {l12.4, 1.1,
CALL SYMBOL (10.%, 0.3,

0.21, 'STABILITY = ', 0.0, 12}
0,21, STABCL(STAB}, 0.0, 24}
0.21, "MIXING LEVEL =', 0.0, 14)

0.21, DEPTH, 0.
.21, 'METERS',
0.21, DTIME, 0.

g, -1}
0.0, 8}
g, 9

LIST THE STATIONS NAMES, ELEVATIONS AND WINDS

YCOQORD = B,5

DG 500 J = 1, ACTSTA

CALL S5YMBOL (8.8, YCOORD, 0.21, NAMET{J}, 0.0, 4)

FNUM = FLOATJ{ELEV{J})

CALL NUMRER (10,3, YCOORD,

FNUN = PLOATJI{SPD(J))

0.21, PNUM, 0.0, -1}

CALL NUMBER (11.4, YCOORD, 0.21, FNUM, 0.9, -1}

FHUM = FLOATJ(DIR(J}}

CALL NUMBER (12.4, YCOORD, 0.21,

YCOORD = YCOORD -~ 0.30
CONTINUE

FNUM, 0.0, -1}

0,0.21, "HANFORD TELEMETRY STATIONS',0.0,2
0.21,"ARR(WS IN DIRECTION OF FLOW ',0.0
0.21,'STATION ELEV SPEED ODIRECT',0.0
0

r
L
6

6)
28
28
}

DRAW AN ARROW ORIGINATING AT EACHE STATION LOCATIOH 70 REPRESENT
THE MAGNITUDE AND FLOW DIRECTION OF THE WINDS.

DO 7¢0 I = 1, ACTSTA
PX1 = XORG + (XSTA(J)
PYl = YORG + (YSTA{J)

* 0.5)
* 0.5)

CALL SYMBOL (PX1, FY1l, 0.14, 5, 0.0, -1}

IF (SPD(J) .LT. 1 .OR.

POINT = DIR(J) * DTR

SPD{J) .GT. S0} GOTO 700
ARRLEN = ARRMIN + ({(ARRINC * (SPD(J) / 5))

DIR(J) = {360 - (DIR{J) - 90}) + 180
IF {DIR{J) .GT, 3160) DIR{J} = DIR{J)

PX2 = COS{POINT) * ARRLEN + PX)
PY2 = SIN{POINT) * ARRLEN + PY1l

CALL PLOT {(PX1, PY1l, 3
CALL PLOT {(PX2, PY2, 2

ARRLEN = ARRLEN / 4
AHD]l = DIR(J) + 135

)
]

IF (AED]1l .GT. 360) AAD] = appl - 360

AHDZ = DIR({J} - 135
IF (AHD2Z .LT. 1) AHED2

BFX1
BPY1
BPX2

= AHDZ + 360

COS(AHD1 * DTR} * ARRLEN + PX2

SIN(AHDLI * DTR] * ARRLEN + PYZ
COS(AHD2 * DTR) * ARRLEN + PX2

- 3690

Subroutine WNDPLT (cont'd)
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700

&
*

BPY2 = SIN{AHD2 * DTR} * ARRLEN + PY2
CALL PLOT (BPX1l, BPYL, 2)
CALL PLOT (BPX2, BPY2, 2)
CALL PLOT (PX2, PY2, 2)
CONTINUE
CLOSE PLOTFILE AND DISPLAY

CALL PLOTND
PAUSE

CLEAR ALPHAGRAPHICS SCREEN AND RETURN TERMIANL TO ALPHANUMERIC
MODE (SEND <ESC> <FF> AND <CAN>).

WRITE (LUN(1),10) "33, "14
WRITE (LUM(1),10) *3¢0

RETURN
END

Subroutine WNDPLT {cont'd)
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EXPSUM FESCH YERSION 2.0
Checkpaint aexposure summary module

Athey, G.F., J.Y. Ramsdell, C.5, Glantz
Pacific Horthwest Laboratory

PO Box 999

Richland, Washington 99332

Created: &/1/83
Updatad:

c

C

c

c

C

c

c

o

[

c

C

C

c Description: An exposure summary is displayed and printed
c alving for each checkpoint:

c

C 1) name of location

c 2) exposure grid x and y coordinates

c
c
[
c
C
c
G
C
C
o

3} gate ang Time threshold | was exceeded
4} date ang time threshold 2 was exceeded

Relationship ta other moduies:
‘takes calls to: NONE

Calied from: MESOI

ARERERARRBERRERBRRFR B ARARRRBFRLLRAARA A FFRRR LR AR AR RN R RS EFF LN

SUBROUTINE EXPSUM (TITLE)

INCLUDE tARRIY. INC'
INCLUDE *MATRIX. INC®
INCLUDE 'UNITS, INC!

CHARACTER®*t TITLE(S50)

WRITE (LUNCZY,100) TITLE
WRITE (LUN{S),100) TITLE
100 FORMAT (//5X, 'EXPOSURE SUMMARY FOR MES01 --» ', 50A1/)

IF {EXPFLG .EQ. t) GQTD 120
WRITE (LUN(ZY,T1Q)
WRITE {LUM{S), 110}
110 FORMAT {/7X, '"NQ CHECKPDINT THRESHOLDS EXCEEDED'//)
RETURN

120 WRITE (LUN(2],130)
WRITE (LUN(5),130)
130 FCRMAT (/5X, 'CHECKPOINT', 3X, 'EXP X,Y', 13X, 'EXCEEDED',
+ T4X, 'FINAL')

WRITE (LUN(2),140} THRSH1, THRSHZ
WRITE (LUN(5),140) THRSH1, THRSHZ
140 FORMAT (8x, 'NAME', 6X, 'CDORDINATES', 3X, 1PETCQ.3, 3X,
+ IPE1Q.3, 4X, TCONCENTRATION')

WRITE (LUN(2},150)
WRITE (LUN(SY, 150}
150  FORMAT (33X, 'DAY TIME', 5X, 'DAY TIME'/)

DO 200 4= t, 35
IF (ARRIVL(Z,Jy B9, Q.00 50TD 200

L= ARRIVLOT, ) + 0.5

Program Listing 20 Subroutine EXPSUM
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150
200

+

*

1P {L .LT, 1) L =1
IF {L .GT. 31) L = 31

M = ARAIVL(2,d) + 0.5

IF (1 ,LT. 1) M =1

IF (M .GT. 31) M= 31

IF (EXPCUM{L,M) .LT. THRSHl1} GOTO 2Q0

IDAYY = ARRIVL({6,J}
IHRl = ARRIVL(7,J)
IMIHL = ARRIVL{8,J)

IDAYZ = RRRIVL(9.J)
1HR2 = ARRIVL{10,J}
IMIN2 = ARRIVL{ll.J}

WRITE (LUN(2),160) (ARRIVL(I,J),I=4,5), (ARRIVL{I,J).I=1,2),
IDAY1, IHR1, IMIN1, IDAY2, IHRZ, IMIN2, EXPCUM(L,M)

WRITE (LUNW(5),160)} (ARRIVL{(I,J),I=4,5), (ARRIVL(I,J),I=1,2},
IDAYY, IBR1, IMINl, IDAY2, IHR2, IMINZ, EXPCUM(L,M)

FORMAT {(/6X, 2A4, 4%, 2(1X,P4.0), 2(5%,I3,1%,2I2}, 6X,1PELD.3)

IF (MOD(J,10} .EQ. 0} PAUSE 'TYPE C 10 CONTINCE'

CONTINOE
RETURN

END

Subroutine EXPSUM {cont'd)
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TRANSPORT, DIFFUSION AND DEPLETION SUBROUTINES

MESOI version 2.0 uses 11 subroutines that are primarily related to the
transport, diffusion, deposition, decay and depletion of effluents. These
subroutines, along with their memory requirements and a brief description of
their uses, are listed in Table 11, Four alternatives are provided for use
as subroutine SIGMA; only one of the alternatives should be included when
MESQOI is customized for a specific location. Subroutine ALPHA is listed, but
only a dummy subroutine is included,.

This section contains a description and listing of each of the trans-
port, diffusion, deposition and depletion subroutines. They are treated 1in
the order in which they are called,

WIND

This module handles the decoding of the wind data and the generation of
a transport wind field over the model domain. WIND is called from MESCI or
INIT after DATRD has been accessed to input the data records.

Initially, a Toop through data elements of the active stations breaks
out the wind speed and directions. These are then converted to U and V
transport components, If the data are missing (9999) or winds are calm
(0000), the decoding steps are skipped and a flag (LFLAG) is set to indicate
that no data are available at that station, A warning is printed if the
speed or direction exceeds a preset range. A similar process takes place for
the upper level wind,

The winds are then interpolated to each grid point., At each point, the
winds for up to the ten nearest stations are weighted by their distance from
the grid point to obtain U and ¥V transport components. If a station is on
the point, only that data is used without any spatial interpolation,

Program Tisting 21 contains the WIND code.

TERRA

TERRA is designed to modify the transport wind field in response to
terrain features., It uses a separate data set from the diffusion related
topography. TERRA is called from MESQOI and INIT after they call WIND and only
when the model is not in the testing mode.

TERRA uses a very simple description of the topography at each wind grid
to modify the U and V components computed in WIND, Each feature can be
viewed as a 1ine segment with a given orientation which will redirect the
wind vector. For any given feature, the wind can come from either of the two
sides, Coefficients are used to describe the influence that either of these



TABLE 11.

NAME

WIND

TERRA

ALPHA

WINSPD

PLMRIZ

PUFFR

PUFFM

DTOPO

DIFDEP

RDK

SIGMA
ASIG
BSIG
DsiG
NRCSIG

Transport, Diffusion and Depletion Subroutines

CODE

1519

552

11

559

643

306

1158

802

3346

419

383
354
424
399

SIZE (BYTES)
LOCAL
DATA
1054

3290

40

218

112

84

3284

140
148
136
300

COMMON

DATA

25755

25083

25380

663

29312

53348

3848

68131

824
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USE

Decodes wind data and inter-
polates data to grid nodes.

Adjusts wind data to account
for expected terrain
effects,

Provides exponents for use
in vertical interpolation of
the wind.

Provides wind speed at puff
release height and time for
plume rise computations,

Computes final plume rise
for use in estimating ef-
fective release height.

Assigns initial attributes
to puffs at release time.

Calculates puff movement for
advection step.

Computes terrain elevation
under center of puffs at
beginning end of advection
step. :

Diffusion, deposition and
decay computations and time
integration during the
advection step.

Computes decay and ingrowth
fractions for sampling in-
terval and remainder of ad-
vection step.

Computes new diffusion
coefficients given the last
values, atmospheric
stability, mixing layer
thickness and distance
moved,



two surfaces would have on the wind perpendicular to the line, These
coefficients are inversely related to the slope of the topographic feature
present to the wind. A steeper slope will cause greater modification of the
winds and thus the coefficient is smaller,

When TERRA is called for the first time (from INIT} the wind terrain
flag (TERFLG) is passed as zero. The module then sets all values in the
terrain angle array {TANGLE) to a negative one. This indicates that there is
no defined terrain at the grid point to influence the wind. All values in
the slope coefficient array (COEFF1) are set to 1.,0. This defines the
terrain at each point as level; no influence on wind values. The module then
opens a data file named TERRA.DAT, 1If this file cannot be opened, TERRA
returns and the model will not do any terrain corrections of the wind field.

If the file is opened properly, terrain data is input. Each record
corresponds to a grid point at which the terrain is expected to modify the
wind. The data record specifies the x and y grid coordinates, the angle of
the terrain feature to an east-west line, and the coefficients defining the
attenuation of the perpendicular wind vector on each side of the feature.
Input continues until an EQF is encountered. The wind terrain flag is then
set to one to indicate the completion of the initialization.

Whenever TERRA is called with TERFLG = 1, the code skips the
initialization and executes only the wind vector modification section. This
section consists of a double loop to check and modify winds at each grid
point as necessary, The U and V values returned from WIND are passed to the
DIRSPD module and converted into speed and direction. The direction value is
checked to see which face of the terrain feature will be used in the
computations. A relative angle between the direction and the terrain is used
to compute components parallel and perpendicular to the terrain face. The
perpendicular component is then decreased by the specified magnitude and the
parallel component is increased to maintain the same final magnitude. The
final components are then translated back into true wind components.

The creation of the data set for this module requires some insight into
the effects of local topography on the wind field. Only major topographic
features can be represented, Building a data set which Tooks good takes some
time. Use of the WNDFLD module helps visualize the output of TERRA.

Program Listing 22 contains the TERRA code.

ALPHA

Subroutine ALPHA is included in Version 2.0 of MESQI as a means of
simplifying future enhancement of the model. The purpose of ALPHA is to
permit the vertical interpolation of the wind field to be a function of
stability, Normal atmospheric boundary layer wind speed profiles are a
function of stability, Analysis of wind profile data at Hanford, Washington
indicates that the exponents in the equations used for vertical interpolation
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of the wind in MESOI may also be functions of stability. However, there is
sufficient scatter in the Hanford profile data to make it difficult to
support the choice of one set of exponents over any other set. As a result,
until further analysis is completed, subroutine ALPHA returns values of one
for the exponents. This results in a linear vertical interpolation.

Listing 23 contains the subroutine ALPHA code,

WINSPD

This subroutine is used by MESOI to calzulate a surface wind speed at a
specified release point. It uses the U and V components of the surrounding
grid points to approximate the speed., This speed is used in the calculation
of plume rise. WINSPD is called from MESOI only when the plume rise flag is
set (PRFLG = 1).

The program first determines the grid point to the southeast of the re-
lease point. Using those coordinates, the other three grid points surroun-
ding the release point can be defined. Weighting factors (Cl1 and C2) are
computed for the temporal interpolation. If 15 minute wind data are being
used (INTFLG = 1) C1 and C2 both equal 0.5. If hourly data are used, the
weights are dependent on which advection step is being executed. Spatial
weighting factors (RX, RY, RX1, RY1} are computed based on source location
and represent the distances in grid units along the axis to the four grid
points. U and V components of the wind at the release point are calculated by
summing the contribution of the wind at each point., A speed is then deter-
mined from these wind components.

Program listing 24 contains the WINSPD code.

PLMRIZ

The PLMRIZ module is designed to calculate the final plume rise of a
release whenever the user has defined a stack., PLMRIZ is called form MESQI
before PUFFR is called. The rise calculated is used to modify the specified
release height.

If the stack is above the mixed depth, no plume rise occurs. If the
release is within the mixed layer, a series of calculations is made based on
the work of Briggs (1963). The theory behind this module is discussed in an
earlier part of the document. The module returns a value for PRISE. If the
testing mode has been enabled, the parameters used in the calculations are
reported.

Program listing 25 contains the PLMRIZ code.

124



PUFFR

This subroutine assigns the initial attributes to puffs when they are
released. PUFFR is called from MESOI if the puff release flag (PUFLG) is set
and the maximum number of puffs have not already been released,

PUFFR sets the following attributes each time it is called:

puff active flag (MF)
X, ¥ and z coordinates
source number

puff age

source strength
diffusion coefficients.

Program Tisting 26 contains the PUFFR code.

PUFFM

This module computes puff displacement during each advection period. It
is called from within the advection loop of MESOI.

The displacement is based on the interpolated winds at the puff center
at the beginning and end of the advection period. The initial advection
surface winds are computed at each time using spatial interpolation between
the puff center and the surrounding grid points and temporal interpolation
between the surface winds at the previous and current data interval. An
initial estimate of the puff position at the end of the advection period is
made using the displacement estimate made with the surface winds at the
beginning of the advection period. Another estimate is made by averaging the
displacements calculated for the beginning and end of the advection step. The
final displacement is estimated by interpolating the winds between the
surface and the top of the mixed layer.

If the puff moves off the grid, it continues to move with its last speed
and direction until it no longer contributes to the exposure at that grid
point.

Program listing 27 contains the PUFFM code.

DTOPO

Subroutine DTOPO computes the terrain elevation under the center of
puffs as they are transported across the grid. The terrain elevation is de-
termined by interpolation between the puff's position and the surrounding
grid nodes, The weights given to the elevations at the grid nodes are based
on the reciprocal of the distances between the puff's position and the nodes.
The elevation under the puff center is estimated at the beginning and end of
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each advection period. DIFDEP determines the elevation for each sampling
interval by dividing the change in elevation for the advection period by the
number of sampling intervals and adding the sampling interval change to the
current elevation at the beginning of each interval,

The terrain elevation under the puff center is used in the diffusion
computations to provide a ground-level reference for determining if a
specific receptor is above or below the effective release height,

When a puff is off of the edge of the grid, the closest two grid points
are used to determine the elevation under the puff center, except when the
puff is off of a corner. 1In this latter case, the elevation assigned to the
terrain under the puff center is the elevation of the corner grid node.

The computer code for subroutine DTOPQ is contained in Listing 28,

DIFDEP

DIFDEP is the subroutine that performs the actual transport, diffusion,
deposition and depletion computations for MESOI. Most of the subroutine is
contained within @ large loop that moves the puffs. Each step in the loop
corresponds to a time step of one sampling interval., Figure 11 shows the
fiow of logic in DIFDEP,

Prior to entering its primary loop, DIFDEP determines the size of the
sampling interval and the corresponding number of sampling intervals in the
advection period. The magnitude of the sampling interval is controlled by the
wind speed and size of the puff, Starting with a sampling interval equal to
the advection period, the ratio between the distance moved in a sampling in-
terval and sigma y is computed. If the ratio is less than 2 {see Figure 7),
the sampling period to be used for computations is set equal to the advection
period. If the ratio is greater than 2, the next largest integer factor of
the advection period (in minutes} is used as a potential sampling interval,
and the ratio is recomputed. This process continues until an acceptable sam-
pling interval is found or until the trial sampling interval is one minute..
The possible values for the sampling interval and number of sampling inter-
vals for a 15 minutes advection pericd {four puffs per hour) are found in the
data statements at the beginning of DIFDEP.

As soon as the proper values are selected for these variables, several
other variables, whose values depend on the number of sampling intervals and
their duration, are evaluated. 1If the decay flag has been set during
initialization, the variables evaluated at this time include the decay con-
stants for each of the decaying species for a sampliing interval and for in-
tervals corresponding to the time remaining in the advection period at the
end of each sampling interval, The evaluation takes place in subroutine RDK.
The constants are used for decay and ingrowth computations within the advec-
tion period,
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The primary loop in DIFDEP is then executed once for each sampling
interval, unless the puff leaves the grid or the puff concentration falls
below the minimum concentration of interest. 1In either of these cases, the
active puff flag is turned off and control is returned to MESOI.

The first action within the loop is to compute the diffusion coeffi-
cients to be used in the sampling interval, This takes place in subroutine
SIGMA.

As soon as the diffusion coefficients have been determined, DIFDEP:
computes the concentration at the puff center, determines the puff radii for
platting and determining the potentially affected area, and evaluates the
term in the diffusion equation that describes the vertical concentration
distribution at the center of the puff. These computations are shown as a
single box in Figure 11. However, that box contains a sizeable segment of the
code because there are separate paths that may be followed through the box.
The path taken depends upon the ratios between the effective release height
and mixing layer thickness and between the vertical diffusion coefficient and
the mixing layer thickness of effective release height. These paths are shown
in Figure 12. In each path, the concentration at the puff center is compared
with the minimum concentration of interest. If the puff center concentration
is lower, a path leading to one of the four circles marked GO TO 200 is
taken. These paths result in the active puff flag being turned off and
control returning to MESOI. The puff radii are computed for the effective
release height and have slightly different magnitudes,

Next DIFDEP computes the concentration at ground-level beneath the
center of the puff. At this point, there is a branch in the loop, If the
ground-level concentration is above the minimum concentration of interest or
precipitation is occurring, the right branch in Figure 11 is taken, Tleading
to evaluation of the impact of the puff on the time-integrated air and
surface concentrations, Otherwise, the left branch is taken, In either case
the puff is moved and it position in relation to the grid is determined. 1If
it has departed from the grid, the active puff flag is turned off and control
is returned to MESOI.

Accumulation of the time-integrated, ground-level air concentrations is
straight forward, The accumulation of surface contamination due to dry de-
position and washout is more complex because it involves keeping track of
material remaining on the surface rather than just passing over the surface.
Figure 13 shows the bookkeeping involved in each sampling interval. At the
beginning of the advection period, the surface concentrations are set to
zero; the only material on the ground at the end of the first sampling
interval is the material deposited during the interval. At the end of the
second and succeeding intervals, there is contamination on the ground from
the current sampling interval and preceeding intervals. However, some of the
material deposited during the earlier intervals will have changed species if
it decays. To facilitate the bookkeeping, changes that will occur during the
remainder of the advection period are taken into account when material is
deposited on the surface,
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At the end of each sampling interval, after the contributions to the
time-integrated ground-level air concentration and surface contamination have
been accumulated, the material in the puff is corrected to account for decay,
dry deposition and washout. Figure 14 shows how the depletion of the puff is
accomplished. Together, Figures 13 and 14 provide a description of the fate
of the initial effluent and its daughter.

The last action in the loop, prior to moving to the next sampling
interval, in minutes, is to increment the age of the puff by the duration of
the sampling interval, The age of the puff is monitored for use in future
extensions of MESOI. Two likely uses of the puff age are a diffusion
coefficient parameterization based on trave! time rather tan distance and
extension of the treatment of decay to more than a single parent-daughter
combination,

The DIFDEP computer code is given is Listing 29.
RDK

Subroutine RDX computes the fractions of each of the decaying species
that remain at the end of the sampling interval and at the end of the
advection period.. The fraction of the parent species remaining at the end of
the sampling interval is ADECA2, and that for the daughter is BDECA2. The
fractions remaining at the end of the advection period are in ADK and BDK.
These arrays contain a different fraction for each sampling interval within
the advection period. Finally, the fractions of the parent decaying into the
dayghter that remain at the end of the sampling interval and advection period
after correction for daughter decay are in BINSI and BDIN, respectively.

Program Listing 30 contains the RDK computer code,

SIGMA

The diffusion coefficients used in MESOI Version 2,0 are computed in
subroutine SIGMA, Computer codes for four different diffusion coefficient
parameterizations are included with MESOI Version 2.0 program package. The
individual parameterizations are discussed in Part I, and the codes are
contained in Program Listings 31 through 34, The code for each of the
alternatives is listed under SUBROUTINE SIGMA so the user can change
alternatives prior to compilation without changing any other portion of the
program. The parameterizations are easily identified by examination of the
headers.

The structure of each of the alternative subroutines is identical. Sigma
y is computed first, then sigma a. In computing the sigma values, the first
step is to use the old sigma value and the current stability to determine the
distance to a virtual point source, The effective distance to the puff
position at the end of the sampling interval is then determined by adding the
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position at the end of the sampling interval is then determined by adding the
distance moved during the interval to the virtual distance, Finally, the
sigma values are computed directly from the parameterization using the
current stability and the effective distance,

The growth of sigma z is controlled by the thickness of the mixing
layer {LDEPTH). 1If sigma z is initially equal to or greater than eight-
tenths of LDEPTH, the sigma z computations are bypassed, and the old sigma z
value is returned as the new value, If sigma z is initially less than
eight-tenths of LDEPTH but exceeds that value at the end of the sampling in-
terval, sigma z is set equal to eight-tenths of LDEPTH. Under other condit-
jons it is permitted to increase as dictated by the parameterizations.
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Description: Program to decode wind datz elements into direction
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SUBROUTINE WiND{MJMSTA}
INCLUDE "CHAR. (NC!
INCLUDE 'DATIH, INCY
INCLUDE 'STATN. |NC*
INCLUDE 'UNITS, INC!
INCLUDE 'WINDS. INC*
REAL UDIR, USPD, JAMG, USTA(30), VSTA(IM
IMTEGER LFLAG(3Q)

C %% DECDCE WIND DIRECTION AND SPEED FOR EAH ACTIVE STATION
€ *  CHECK FOR MISSING DATA (9999

R
H

3.0

hg

20 110 J = 1, NUMSTA
IF {STATUS(J} LEQ. 1) GOTD 110
N=N+1
DIR(NY = DATACJ) / 100
SPOIHY = DATALJ) - DIR(K) # 100

IF (DIRCNY .ED. 99 .0R. SPD{N) .EQ. %4) GOTO 100
CIR{N} = DIRIN) ¥ 10,0
IF (DIR(NY .EQ. O .AND. SPDIN} .EQ. Q. GOTO 100

LFLAGENY = 0

IF {DIR{N} .LT. 0.0 .0R. BIR{N) .GT. I80.0)

+ WRITE [LUN{2),120) ), DIR(N}, DOAY, DHR, DMIN
IF {SPD{N} .LT. 0.0 .OR. SPD{N) ,GT. 45.0)

+ WRITE (LUN{2),130) J, SPD{N}, ODAY, DHR, OMIN

C %% CALCULATE U AND ¥ COMPOMENTS AND COMYERT TO MCTERS/SEC
ANG = (270, - OIR(NIY * (3,1415527 / '8D.}
USTAIN} = (SPOCN) *® COSCANG)) * CONV

YSTAINY = (SPDIN) * SINCAMG)) * CONV
GOTO 110

Program Listing 21 Subroutine WIND
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1e0 LFLAG(N) = 1
IF (N .GE. ACTSTA] GOTO 200
110 CONTIKUE

120 FORMAT {SX, 'WARNING -- STATIOHW NUMBER ', 12, /7X,
+ 'DIRECTION OUT OF NORMAL RANGE --> ', F6,1,
+ /7%, 'JDAY = *, I3, ' AT *, I2, ':', IZ//)

130 FORMAT (SX, 'WARNING -~ STATION WUMBER ', I2, /7X,
+ ‘SPEED OUT OF HORMAL RANGE --> ', F6,1, /7X,
+ 'JDAY = ', I3, 2X, ' AT ', 12, ':', I2//}

C ** QUPPER LEVEL WIND

UDIR = UPWIND / 100
USPD = UPWIND - (UPWIND/100) #* 100
UBIR = UDIR * 10.0
If (UDIR .LT. 0 .OK. UDIR .GT. 360) THEN
WRITE (LUM{2),140} UDIR, DDAY, DHR, DHIN
140 FORMAT (/5X. 'WARNING --> UPPER LEVEL WIND DIRECTION ',
+ *15 OUT OF NORMAL RANGE ', /17X, 15, ' DEG ONH JDAY ',
+ I3, " AT ', I2, ':*', [2//)
ENDIF

IF (USPD .LT. 0 .OR. USPD .GT, 60) THEN
WRITE (LUN{2),150) USPD, DDAY, DHR, DMIN
150 FORMAT (/5X, 'WARNING --> UPPER LEVEL WIND SPEED IS OUT ',

+ '0OF HORMAL RANGE', /17X, I5, ' MPH ON JDAY ',
+ 13, ' AT ', I2, ':', 12//}

ENDIF

UANG {270. - UDIR) * {3.1415%27 / 180.)

ueg
G

USPD * COS(UANG) * CONV
USPD * SIN{UANG) * CONY

C ** WIND INTERPOLATION SECTION; USES UP TO lG STATIONS TO CALCULATE
c il U AND V FOR GRID POINTS(I.J)

200 DO 280 I = 1, 16
oo 27103 =1, 16

SHU = 5.0
SNV = 0.0
S8D = 0.0
M5 = 0

LEND = MIN(ACTSTA,10)

DO 220 L = 1, LERD
LS = STHUM{L,I,J)}
IF {LPLAG{LS) .EQ. 1] GOTO 220

c *%x STATIOR 1S AT THE GRID POINT, WO INTERPOLATION REQUIRED
IF (STDIST(L,I,J) .LE. 1,0E-15) GOTO 230

IF (N5 .LT. 3) GOTO 210
IF (STDIST{L,I,J} .GT. RCH) GOTO 260

210 SKU = SNU + USTA(LS) / STDIST(L,I,J)
SMV = SNV + VSTaA{LS) / STDISTI(L,I,J)
SHD = SND + (1.0 / STDIST{L,I.Jd) )
NS = N5 + 1

220 CONTINUE

IF (N5 .EQ. 0) THENW
WRITE {LON(2),230) I, J, DDAY, DHR, DMIR
210 PORMAT (/5X, 'FATAL ERROR -- NO DATA AVAILABLE TO ',
+ 'CALCULATE WINDS AT GRID PCINT ', I2, ',', IZ,

Subroutine WIND (cont'd)

135



+ /I, 'JDAY = ', 13, S5X, ' AT ', 12, ':', I2//)
sTOP
END IF

IF {HNS .LT. 3 .AND. TITLE{(l}) .HE. "%#'} THEN
WRITE (LUN{2),240) NS, I, J, DDAY, DHH, DMIN
249 FORMAT (5X, 'WARNING ~-~ QMLY ', I2, ' STATIONS AT ',
'WIND GRID POIWT ', 12, *,', 12, /7X, 'JDAY = *,
+ I3, 53X, " AT ', I2, ':', 12//)
GOTOD 260
ENDIF

+

250 UU(I,J) = USTA(LS)
VVI(I,J) = VSTA(LS)
GOTO 270

260 UU{1,J} = SNU / SND
VV(I,J) = SNV / SND

270 CONTINUE
280 CONTINUE

RETURN
END

Subroutine WIND (cont'd)
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TERRA MESCI VERSICM 2.0
Terrain moditication of wing field

Athey, G.F., J.¥, Ramsdel), C.5. Giantz
Pacific Morthwest Latoratory

PO Box 999

Ricntand, Washington 959352

Created: A/1/83
Updated:

Jescription: This module is calied after the wind subroutine has
cecodad the meteorolocgical data into u and v components. |t
mod! fles the components for each grid polnt accarding to the
terrain.

Relationship to other modules:

Makes calls ta: DIRSPD
Cailad trom: MESCH
RN EREER R F XTI RE R TR AT R B RN

SUBROUTINE TERRA

INCLUDE 'UNITS. INC!
INCLUDE 'WiNDS. |NC'

REAL COEFF1(16,16,2), TANGLE(16,16)

DATA COEFF1 / 512 % g/
DATA TANGLE / 256 * =1.0 /

SET COEFFICIENTS T CEFIME THE TERRAIN SLOPE: EACH MIMBER
REPRESENTS THE FRACTION OF THE COMPONENT PERPENDICULAR
O THE TERRAIN FEATUPE FOR EACH GRID POINT, THE GREATER THE
SLOFPE, THE SMALLER THE (DEFFICIENT. LEYEL SFCS = 1.0

DATA DTR /.017453/

TERRAIN DATA IS STORED IN FILE CALLED TERRA.DAT
EACH RECORD COMSISTS OF:

@oL 1= 2: X GRID DESIGNATOR 0-15, LOWER LEFT=0
oL 4= 5 ¥ GRID DESIGNATOR 0-15, LOWER LEFT=0
oL 7-10: ANGLE IN CEGREE FROM HORIZONTAL 0-179.99%
L 12-15; 15T CDEFFICIENT; FOR WINDS FROM EAST
mL 17=-20: 2ND COEFFICIENT; FOR WINDS FROM WEST

|F {TERFLG .EQ. 1) GOTO 140

OPEN (UNIT=LUN(15), FILE='TERRA.DAT®, STATUS='OLD’,
105TAT=1ER}

IF (IER .NE, O) THEN
PRINT *, ! TERRA >> ERROR OPENING FILE; USE FLAT TERRAIN'
GOTO 140

ENDIF

READ (LUNCTS), 110, ENO=13Q, ERR=120}

Lo Jy TANGLECIH1,2+1), COEFFICI+1,J41, 1), COEFFI(F+Y, d41,2)
FORMAT (1%, [2,1%,12,1%, F4.0,1%,F4,0,1X,F4.0)
GOTO 100

Program Listing 22 Subroutine TERRA
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2Rz Xel

(s 2]

noa

109
11D

120

130

READ (LUN{15), 110, END=130, ERR=120}

I, J, TANGLE (I+1,J+1}, COEFFL(I+1,J+1,1 ; COEF
gg?gmlroélx,:2,1x,12.1x,F4.o.1x.F4.oﬁlx,r4}.m ELIHL I, D)

STOF ‘TERRA RD ERR'

CORTINUE
CLOSE (LUN(13)}
TERFLG = 1

DEFINE THE ANGLE OF THE TERRAIN WITH RESPECT TO THE XY COORDINATE
SYSTEM FCR EACH GRID POINT, IF THERE !S5 NO DEFINED TERRAIMN FOR
A POINT, ANGLE IS SET TO -1.

———————— LOoPS TO CALCULATE EFFECT OF TERRARIN ON THE WINDS ---w-wee———-

AT EACH GRID POINT
DO 200, I = 1,16
B0 180, J = 1,16

*x
* &

* i

LE ]

*x

kW
k&

LE ]
LA}
*

MODIFY OMLY GRID POINTS WITH TERRAIN -—-—-—-sv=—————-
IF{ TANGLE(I,J) ,LT. 0.0 )} GOTO 160

CALCULATE THE SPEED AND DIRECTION, THEN CONVERT DIRECTION TO
ANGLE OF TEE WIND VECTOR IN XY COORD SYSTEM

CALL DIRSPD (UU(I,J), VV(I,J), ANGO, SPEED}
ENGO = 270 - ANGO
IF {(ANGD .LT. 0} ANGOD = ANGO + 360
DETERMINE IF WIND IS APPROACHING THE TERRAIN LINE FROM EAST OR WEST
IF {ANGO .GE. 90.0 .OR, ANGO .LT. 270.0 ) THEK
WIND FROM WEST

R =2
ELSE

WIND FROM EAST

Kal
ENDIF

————————— DETERMINE RELATIVE ANGLE OF WIND TO TERRAIN —————-———---r=

RANGLE = (ANGO - TANGLE(I.J)) * DTR

CALCULATE THE COMPONENTS PARALLEL AND PERPENDICULAR TO TERRAIN;
THEN TRANSLATE TO AN ANGLE AND SPEED

Ul = SPEED * COS{ RANGLE )
V1l = SPEED * SIN{ RANGLE )
CALL DIRSPD {Ul, V1, ANGl, 5)

MODIFY THE COMPONENTS: PERPENDICULAR IS MULTIPLIED BY A COEFFICIENT
TO DECREASE IT IN PROPORTION TO THE TERRAIN SLOPE, PARALLEL
COMPONENT IS INCREASED TO MAINTAIN THE TOTAL VECTOR MAGNITUDE,

V2 = ¥1 * COEPF1{I,J,K)

IF (vl .BEQ. 0.0) THEN
Uz = 0.0

Subroutine TERRA (cont'd)}
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ELSE
UZ = UL * {((SPEED**2} - (V2**2)}**0.5 / ABS{UL})

ENDIF
CALL DIRSPD (U2, V2, ANGZ, SPEED)
ANGO = ({ANGl - ANG2} + ANGO} * DTR

Uy(1,J) = SPEED * COS( ANGO )
VV({I,J} = SPEED * SIN{ ANGO )

160 CONTINUE
180 CONTINUE
200 CONTINUE
RETUEN
END

Subroutine TFRRA (cont'd)
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< ALPHA MESOL  YERSION 2.0
c Wind vertical interpolation exponent

c

C Athey, G.F., J.¥, Ramsdell, C.5. Giantz

c Paci fic Morthwest Laboratory

C PO Box 999

< Richland, Washingten 99352

¢

[ Created: 6/1/63

[od Updated:

[

C Description: Dumy subroutineg; Could bae conflgured to compute
C an alpha value for use in the vertical interpolation of the
c winds,

[

c Pelatlonship to gther modules:

S

c Makes calls tor HOME

C

C Calied from: WESDI

c

c

FHENRARRERE R AR TRRERA SRR BRI R ER RN EE PR R R RTRRRREA SRR

SUBROUTINE ALPHA {STAB, ALPHAU, ALPHAY!
REAL ALPHAL, ALPHAY

INTEGER STAB
ALPHAY = 1.0
ALPHAY = 1.0
RETURN

END

Program Listing 23 Subroutine ALPHA
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¥ INSPD MESQ) VERSION 2.0
Wind speed interpoiation

Athey, G.F., J.¥. Ramsdel), C.5. Glant:
Paciflc Northwest Laboratory

PO Box 999

Richland, washington 99352

Created: 6/1/83
Updated:

Cescription: Subrovtine to calculata the wind speed at a release
pgint it Interpolates In space and time. Speed is used in
the plume rise computation,

Relationship ta other modules:

Makes cells ta: NONE

Caifad from: MESOH

QOO OO0 OO0 D000

e L g oy Y e s e e e e I )
SUBRCUTINE WINSPD (NS, TINC, SPEED)
INCLUDE '"CONST. INCt
INCLUDE 'REL. INC!
INCLUDE *WINDS. INCT

I = XSOURCINS)+ 1
4 o= YSCURGC(NS) + 1

£2 = TINC
IF (INTRLE .EQ. 1} €2 = 0.5
€1 =1.0-¢C2

RX = XSOURC(NS) - (I - 1}
BY = YSOURCINS) - (J = 1}
RX1 = 1.3 - RX
RY1 = 1.0 = RY

UCOMP = (RXT*RY1) * (C1%U{],J) + C2*UCH, 40D

UCDOMP = UCDMP + (RXT®RY) * (CIMJ(Q, J+1) + C2RULCT, J#1})
UCOMP = UCOMP + (RXWRY) * (CI®UC(+1,U+1) + C2#8UUC1+1,J+1))
UCOMP = UCDOMP + (RX¥RY1) * {C1MI{I+1,4} + C2MUL(1+1,4))

YOOMP = (RXT*RY1) % (CI1#VI], J) + C2WWYV(L,J))

YOOMP = YOOMP + (RXT¥RY) * (C1#Y{], j+1} + C2¥V{(,J+1))
VOOMP = YOOMP + (RXMRY) * [CIW{1+1,J+1) + C2WY{]+1,0+1))
YOOMP = yCOMP + {RXWRYT} * (CI®V(1+1,0) + C2WY{T+1, I}
SPEED = (UCOMP * UCOMP + YLOMP * VCOMP) #% 0.5

RETURN
ERD

Program Listing 24 Subroutine WINSPD
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PLMR 1Z SESQIL  YERSION 2.0
Slume risa module

Athey, G.F., J.¥, Ramsdei!|, C.3. Glantz
Pacific Morthwest Laboratory

PO Box 999

Richlang, Washington 99352

Created: 6/1/83
Updated:

Description: Subroutine to catcuiate the fimal plume rise given
prescribed conditlons of affluent release. Zalled only if the
release is from a defimed stack.

Relationship to other modules:

Makes calls tar NOME

Called from; MESOI

SOO0ODOOOO OO0 Oo0O000 o000

R EI IO T RO R IO S IHOUEE SIS OO R R R R
SUBRCUTINE PLMRIZ (NS, AIRT, SPD, PRISE)
INCLUDE 'CHAR. INC?
INCLUGE T*DATIM, INC!
INCLUDE 'REL.|NC®
INCLUDE TUNITS INGY
Z5 = ZS0URCINS)
C  **% [F STACK HEIGHT GREATER THAN OR EQUAL TO MIIED DEPTH, NO PLUME RISE
IF (ZS .GE. LDEFTH) THEN
PRISE = Q.0
GOTD 142
ENDIF
C % CALQILATE A BUOYANCY FLUX FROM THE HEAT FLUX
FB = 3,113 * QH(NSY * {STEMPC - AIRTY / (AIRT + 273.15)
C "% FOR STABLE (DNDITIONS:

'F (5TAB .GE. 5} THEN
GOTQ (100, 110, 120} STAB - 4

C *% CALQULATE A RESTORING FORCE (5) BASED ON AN ASSUMED TEMPERATURE
[ GRADIENT iN THE STABLE LAYER

10G S = 0.04% F { ART + 273.15 )
GOTO 130

110 §= 0,27/ ( AIRT » 273.15 }
GOTO 130

120 S = 0.4% F { AIRT + 23303

130 CONTINUE
C  *% SPEEDS LESS THAN 1.0 M/SEC = CALM

iF (SPO .LE. 1.0} THEW

Program Listing 25 Subroutine PLMRIZ
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Wk

140

150

160

4+

PRISE = 5.3 * (FB ** 0,25) / (5 ** 0.375) - 6.0
ELSE

PRISE = 2.6 * (FB / {SPD * 5)) ** (1. / 3.}
ENDIF

ELSE
FOR HEUTRAL AND UNSTABLE CONDITIONS:

IF (spD .LT. 0.5} SPD = B.5
PLUX = 68,8 * QHE{NS) * (STEMPC - AIRT)
IF (FLUX .LT. 20.0E6) THEN
X = 5.49 % (PB ** (2,/5.)) * (28 ** (3./5.))
ELSE
X = 10,0 * 15
ENDIF

PRISE = 1.6 / SFD * (FB ** (1,/3,)) * {X ** (2,/31.))
ENDIF

Ir (TITLE(l) .EQ, '*"} THEN
WRITE (LUW{2},150) NS
WRITE (LUN(3),150) WS
FORMAT (/5X, 'PLUME RISE PARAMETERS FOR SOURCE ', I2)

WRITE {LUN(2),180) QH(NS), AIRT, 5PD, PRISE
WRITE (LUN(5),160) QH{NS), AIRT, SPD, PRISE
FORMAT (/5X, 'SENSIBLE HEAT PLUX (WATTS) = ', lPE10.3,
/5%, ' AIR TEMPERATURE (DEG C) = ', OPF5.l,
/5%, 'WIND SPEED AT GOURCE (M/S} = ', F5.l,
/5K, 'CALCULATED PLUME RIGE (M) = ', F§.l)
ENDIF

RETURN

Subroutine PLMRIZ (cont'd)

143



CHRBRERRIFARR AR F AR BB RN RFFRE TR R XX RN EHEER NN N

PUFFR MESOI VERSION 2.0
Putt release module

Athey, &.F., l.¥. Ramsdell, C.S5. Glartz
Paci fic Northwest Laboratory

PO Box 999

Richland, Washington 99352

Created: &6/1/83
Updated:

Description: Assigns initlal attributes to puffs at relesss
time.

Ralationship to other modules:
Makes calls to: NOME

Calied from; MESQI

OOOoOQoooGoOOoOoO0Oa0a00a0n

CHEMMAAABERFFERAARRARRER NS FERARTRAN N RS H S FFLE AR RN RN ER RS E Y

SUBRQUTINE PUFFR (NS, PRISE, LDEPTH)

TNCLUDE 'CONST, {NC!
INCLUDE 'DECAY. (NC'
INCLUDE 'PUFFS. INC?
INCLUDE 'REL. INC*

NPUFFS(NS) = NAUFFSINS) + |
TRUFFS = TRUFFS +

WF(TPUFFS) = 1

XP{TPUFFS} = XSQURCINS)
YP(TPUFFS) = YSOURCINS)
ZP(TPUFFS) = ZSQURC(NS) + FRISE
SP{TPUFFS) = MS

AGE{TPUFFS) = 0
C #& NO PEMETRATION OF L10 DUE TO PLUME RISE

IF (ZP(TPUFFS). GT, LDEFTH .AND. FRISZ .NE. 0.0}
+ IP(TPUFFS) = LOEPTH

QP{TPUFFS) = QSOURC(NS) # ACNST

ADQPITRUFFS) = 0.0

BOQP{TRUFFS) = 0.0

IF (DPFLG ,EQ. 1 .OR. RDKFL .E). V) ADQP{TPUFFS) = QP{TRPUFFS)
SIGMAZ (TRUFFS) = 9.1
SIGMAY(TPUFFS) = 1.0

RETURN
END

Program Listing 26 Subroutine PUFFR
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PUFFM MESQ! VERSIOM Z.0
Puff movement module

Athey, G.F., J.¥. Remsdeli, C.5. Glantz
Pacific Northwest Laboratory

PQ Box 999

Richland, Washington 99352

Created: 6/1/93
Updated:

Descripticn: Calcuiates movement of each puff for each
advection step.

Rejationship to gthar modul &s:
Makes calls ta: NOME

Called from: MESQI

OO OoOOOoOnOoO0OaOanaon

LR E RS ERRR AT NSRRI R TR S R R RN
SUBROUTINE PUFFHM (M, TINC)

INCLUDE 'CONST, INC!
INCLUDE *DATIM. INC'
INCLUDE "PUFFS, INC*
INCLUDE *WINDS, INC?

REAL MG(2}, YB(2), DXSFC(2), DYSFC({2)}, DUX{2), DUY(Z),
+ C1, €2, RX, RY, RX1, RY!, CST, ZFy, ZFY

C #% RELFASE |$ ABOYE THE MIXED LAYER; USE UPPER LEVEL WiNDS OMLY

IF (ZPiM) .GE. LODEPTH)} THEN
pe1goK=1,2
€2 = TINC + (FLOAT(K} - 1.0} * ADT
E CINTFLG E). 1) C2 = 0.5
1 =1.0 -C2
DUXIK) = {CY * UG + C2 * UUG) * FAC
DUY{K} « (C1 * ¥G + 02 * Y¥G} * FAC
100 CONTINUE
DXS{M) = {DUX(1} + DUX{2)} / 2.0
DYS{M) = (DUY{T) + DUY(2YY / 2.0
RETURN
ENDIF

MG{1) = XP(M)
TG(1} = YPIM}

C # TWQ STEP ITERATION GF THE ADVECTION
DO 200K =1, 2

C2 = TINC + {FLOAT{K) ~ 1.0) * ADT
'F {INTFLG .EQ. t} C2 = 0.5

Ct =1.0 -¢2

o= XG{XY + 1.0

IF ¢l JLT. 1 .OR. 1 .GE. 16} RETURN

J o= MGIK) + 1.0

IF ¢J LT, 1 ,0R. J .GE. 6] RETURN
RX = XG(K} =~ (I-1)

RY = Wi{K] = (J=1]

RX1 = 1.0 ~ RX

Program Listing 27 Subroutine PUFFM
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RYl = 1.0 - RY

UCOMP = (RX1*RY1) * (Cl*C(X,J) + CZ*OU(I,J))

UCOMP = UCCMP + (RY*RX1} * {Cl*({I,J+l1) + C2*UD(I,J+1})
UCOMP = UCOMP + [RX*RY) * {Cl*0{(I+1,J+1} + C2*UDI(I+1,J+1))
UCOMP = UCOMP + {RX*RYI1) * {C1*U(I+1,J) + C2*00(I+1,J))

DXSFC(E} = UCOMP * FAC

YCOMP = (RX1#*RY1} ¥ {(Cl*V{(I,J} + C2*VV{I,J}}

YCOMP = YCOMP + {RY*RX1) * {Cl * ¥{I,J+1) + C2¥WV(I,J+1))

VCOMFP = VCOMP + (RE*RY) * (CI*V({I+1,J+1) + C2*VV(I+1,J+1]}

VCOMP = VCOMP + (RX*RY1l) * (CL*V(I+l,J) + C2*VV(I+1,J}))
DYSFC{R) = VCOMP * FAC

IF (ZP(M)} .GT. 10.Q0) THEN
DUX({K} = (Cl * UG + C2 * UUG} * FAC
DUY(K} = (Cl * VG + C2 * VVG] * FAC
ENDIF

IF (R .EQ., 2} GOTO 20D

XG({K+l) = XG{K} + DXSFC(K)

YG(K+1) = YG{K]) + DYSFC(R}
200 CONTINUE

DXS(M) = {DXSFC{l) + DX5FC(2)) / 2.0
DYS(M} = (DYSPC{l} + DYSFC(2)) / 2.0

** INTERPOLATE BETWEEN GROUND LEVEL AND UPFER LEVEL WINDS

IF {ZP(M)} .GT. 10,0) THEN
DDXE = {DUX(1) + DUX{2)) / 2.0
DUYM = (DUY (1) + DDY¥Y(2)) / 2.0

ZFU = {(ZIP(M} =10.0) / (LDEPTH - 10.0}) ** ALPHAU
tPY = {{ZP(M} -10,0) / (LDEPTH - 10.0}) ** ALPHAV
DXS{M) = DXS{M) + [DUXM - DXS{M)) * IFJ
DYS(M) = DYS{M) + (DUYM - DYS(M)) * ZFPV

ENDIF

RETURN
EWD

Subroutine PUFFM {cont'd)
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oToPg MESD YERSION 2.0
Dl ffusion topography moduls

C
c
c
c
c Athey, G.F., J.¥. Ramsdell, C.5. Glantz
o Paclfic Horthwast Laboratory
C PO Box 999
c Rlchland, Washington 99352
C
c Created: &/1/83
C Updated:
c
C Description: Computes terraln elievation under the center of
C the puffs at the baginning of the advection stap.
c
C Ralattonship to other modul as:
c
C Hakes cails to: MONE
[
C Callad from: MESCI
c
CI!IlIIi**ill!lliii*lliillilll*i'ﬂIi{ll*!liii!*lil*lllll*ﬂ*llhid*lll
SUBRCMITINE DTOFD (XP, YP, TPM!, DXS, DYS, TPMF)
INGLUDE *TOPOGR. INC!
REAL XPFG(2), YPFG(2), THT(2}, WT(4)
C  ** CONYERT PUFF PDSITIONS TD COORDINATES OW EXPOSURE FINE GRID

XPFGL1) = {XP * 2.0} + 1.0
YPFGE1Y = [YP # 2.0) + 1.0

XPFG{2) = (DXS * 2.0} + XPFG(1)
YPFG{2) = (DYS * 2.0) + YPFG(1)

0o 100 IT =1, 2

C #% DETERMIME SUBSCRIPTS DEFINING THE SURROQUNDING GRID POINT
Coom ON THE EXPOSLURE MATRIX

IX1 = HIVIXPFGLITI)
EXZ = 141 + 1

I¥1 = INT{YPFG{ITH)
1¥2 = iY1 + 1

IFEIX1 (GE, 1 .AND. 1XZ .LE. 31 .AND. 1Y! .GE, T .AND.
+ 1¥2 _LE, 31) THEN

C *% PyFF S ON GRID; COMPUTE INTERFOLATION WEIGHTS

X1 = XPRGOITY - IXY
X2 = 1.0 = X1

Y1 = YPRG{IT) = IYt
Y22 1.0 ~Y1

IF ( X1 .L7. 0.001 .AND. Y? .LT. 3.001 ) THEN
THTUITY = TROROLIX1, (Y1}
GOTO 100

ENDHF

Program Listing 28 Subroutine DTOPQ

147



WT(1) = 1.0 / SORT{X1*%l + ¥Y1*¥Yl)
WT(2) = 1.0 / SQRT(X2*X2 + Y1*Yl)
WT(3) = L.0 / SQRT(X1*X1 + Y2*Y2)
WT(4) = 1.0 / SQRT(X2*X2 + Y2*Y2)

SUM = §

DO 80 I

50H =

80 CONTINUE

0
-1, 4
SUM + WT{I)

DO S0 I = 1, 4
WI(I) = WT(I) / SUM
90 CORTIRUE

** COMPUTE TERRAIN HEIGHT UNDER PUFF CINTER

THT(IT) = WT{l} TOPO{IX],IY¥Y1) +

*

1 WT(2) * TOPD({IX2,IYl} +
2 HT(3} * TOPD(IXl,IY¥Z2) +
3 WT(4) * TOPO(IX2,IY¥2)

ELSE
** PUFF IS OFF TEE GRID
IF (IX1 .LT. 1) THEN

** PUFF 1S WEST OF THE GRID *#
IF (1Yl .LT, 1) THEM
THT (1T} = TOPO(1,1}
ELSE
IF (I¥2 .GT. 31) TRHEN
THT{IT} = TOPC{1,31}
ELSE
WT(2) = YPPG(IT) - IYl
WI(l) = 1.0 - WT{2}
THT(IT) = WT(1l] * TOPC{l,I¥l} + WT(2) * TOPO(1l,IY2}
ENDIF
ENDIF
ELSE
If (IX2 ,GT. 31) THEW

#* PUFF I5 EAST OF GRID **

IF (1Yl .LT. 1) THEN
THT(IT) = TOBRCG({31l,1)
ELSE
IF (I¥2 .GT. 3l1) THEN
THT(IT) = TOPO(31,31}
ELSE
WT (2} = YPPG(IT) ~ IY¥1
WT(l) = 1.0 - WT({2)
THT{IT) = WT(1)*TOPD(31,IYl) + WT(2)*TOPCG(31,1Y¥2)
ENDIF
ENDIF
BLSE
WT(2) = XPFG{IT) - IXl
WT{l) = 1.0 - WT(2)
IF (I¥l .L7. 1} YTHEN

** PUFF 15 NORTH OF GRID *+*

THT(IT) = Wr{l) * TOPC(IX1,l) + WP(2) * TOPO(IX2,1)
ELSE

** PUFF IS SOUTH OP GRID ¢

Subroutine DTOPO (cont'd)
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THT(IT} = WT(1) * TOPO(IX1,31} + WT(2) * TOPO(IX2,31)
EWNDIF
ENDIF
ENDIF
ENDIF
CONTINUE

TPMI = THT(1}
TFMF = THT(2}

RETURN
END

Subroutine DTOPO (cont'd)
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DIFDERP MESOY  YERSION 2.0
Ditfuslon, franspert and depos!tion modyle

Athay, G.F., J.¥, Ramsdeli, C.S. Glantz
Pacific Northwest Laboratory

PO Box 999

Richland, Washington 99352

Created: 5/1/&3
dpdated:

Degcription: Diffusfon, deposition ang dacay computations and
time integration dquring the advectlan step,

Relationshlp to other modules:
Makes calls to: ROK, 3{GMA

Catled from: MESD!

OO OOOOO00ROO0nDO0C 000

ARAAERFE SRR AR RS ER AR ER R R RE AR AR R RFFEREERE R NN
SUBROUTINE DI FDEP (M, DSMTR, TPM, TPMF)

INCLUDE 'CHAR. INC'

INCLUDE ' CQONST, INC?
INCLUDE 'DATIM, INC'
INQLUDE 'DECAY. {NC'
INCLUDE 'MATRIX. |NC*
INCLUDE 'PUFFS, iNC'
INCLUDE 'REL.INC?

{NCLUDE ' TOPOGR. INC*

IMTEGER DT, NS1, DTA{12), NS{A(12), EAST, WEST, WCRTH, SOUTH

DATA OTA / 15, 5, 3, 1, B8=0/
DATA N51A / 1, 3, 5, 15, %0 /

C ™ DETERMINE DT AND NS! FOR PUFF THiS ADVEITION STEP

0O 150 1 =1, 12
DSMTRI = DSMTR / NSIACH)
IF (OTACHY .EQ. 1 .OR. (DSMIRI / SIGMAT(M)} .LT. 2} THEN
DT = DTA{I}
NS = NSIAL1)
GOTC 160
ENDIF
150 CONTINUE

160 CONTINUE
OTPHM = (TPMF - TPM} / NSI
CHIMDT = CHIMIN * DT
IF (RDKFL .EQ. 1) CALL RDK (NSI, OT)

DXMI = DXS(M) / NSI
oYMl = DYS(M) [/ NSI|

DO 500 JN = 1, NSI
C  *% SUBROUTINE SIGMA COMPUTES SIGMA Y AND Z

CALL SIGMA {DSMTRF, STAB, LDEFTH, SIGMAZIM), SIGMAY(M))

Program Listing 29 Subroutine DIFDEP
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* %

LE )

*n

*h

*k

W

SIGYSQ = SIGMAY (M) * SIGMAY(M)
SIGZSQ = SIGMAZ (M) * SIGMAZ (M)
HSGSQ = (-0.5 * (DELXY / 2.0) ** 2} / SIGYSQ

COMPUTE THE TERMS ASSOCIATED WITH THE VERTICAL DISTRIBUTION
GCPCHI = 0.0
UDEPTH = 0,0
IF { ZP{M) .GT. LDEPTH ! THEN
THE PUFF CENTER IS ABOVE THE MIXING LAYER
IF { SIGMAZ (M} .GE. 0.8 * ZP({M) ) THEN
UNIFORM PUFF DISTRIBUTION IN THE VERTICAL

UDEPTH = SIGMAZ{M}/0.8
PUFCHI =(SQRT(TWOPI}/2.0) * QP(M) * DT / {SIGYSQ * UDEPTH)

IF { FUPCRI ,LE. CRIMDT ] THEN

GO TO 200
ELSE
CHIR ALOG {PUFCHI/CHIMDT}

RPEW = (SIGHAY (M) * SQRT(2 * CHIR) / DELXY)
RADP(H) = { SIGMAY(M) * SQRT(2 * ALOG(PUFCHI/
1.0E-14)}) / DELXY }
VEXP = 1.0
ENDIF

ELSE
REFLECTED GAUSSIAN DISTRIBUTION IN THE VERTICAL
PUFCHI = QP{M) * DT / (SIGYSQ * SIGHAZ (M)}
IF {PUFCHI ,LE. CHIMDT}] THEN
GOTO 200
ELSE
CHIR = ALOG{PUFCHI/CHINMDT}
RPEW = {(SIGMAY(M) * SQRT(2 * CHIR) / DELXY)
RADP(M] = [ SIGMAY{(M) * SQRT(2 * ALOG{PUFCII/
1.0E~14)) / DELXY )
VEXF = EXP{~0.5 * ZP({M) * ZP(M) / SIGZSQ}
ENDIF
ENDIF
ELSE
THE PUFF CENTER IS WITHIN OR AT THE TOF OF THE MIXING LAYER
IF (SIGMAZ (M} .GE., D,8 * LDEPTH) THENM
WITH UNIFORM DISTRIBUTION IN THE VERTICAL

UDEPTH = SIGMAZ (M)/0.8

PUFCHI = {SQRT(TWOPI)/2.0) * QF(M} * DT / (SIGYSQ*UDEPTH)
1F (PUFCHI .LE. CHRIMDT) THEW

GOTO 200
ELSE

CHIR = ALOG{PUFCHI/CHIMDT}

RPEW = (SIGHAY({M) * SQRT(2 * CHIR) / DELXY)
RADP(M} = { SIGMAY(M) * SORT(2Z * ALOG (PUFCEL/
1.QE~-14)) / DELXY }

VEXP = 1.0

Subroutine DIFDEP (cont'd)
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C * %
+
+
+
+
C ar
c r
IF

ENDIF

LLSE

REFLCCTED GAUSSIAN DISTRIBUTION IN THE VERTICAL

PUFCHI = QP(il) * DT /

IF (POFCHI .LE. CHIMDT ) THEN

GQTO 200
ELSE

CHIR = ALOG{PUFCHI/CHI!IDT)
RPEW = (SIGMAY(M} * SQRT(2Z * CHIR) / DELXY)

RADP (MY = { SIGHMAY(H1]

(SIGYSQ*SLIGHAZ (1))

* SORTI2 * ALOG{PUFCHI/
1.0B-14)) / DELXY )
VEXP = EXP({-0.5*IP(M)*IP{M}/SIGISQ) +

EXP(-0.5*(2*LDEPTH-ZP (11} ) **2/5IGE5Q) +
EXP(-0.5*(2*LOEPTH+2ZP'H} ) **2/SIGZSQ) +
EXP(-0.5*{4*LDEPTH-ZP M} ) **2/5I1GZ5Q)

ENDIF
ENDIF

ENDIF

COHPUTE PUFF CONCENTRATIOH AT THE GFOUND IF

IF { EXP{-CHIR] .LT. VEXP
GCPCHI = PUFCHI * VEXP

ELSE

IF (PRECIP ,EQ. 0 ,OR. ADQP({H]

TPM = TP + DTPHM
XP{M] = XP(M} + DXMI
YP (M) = YP(M} + DYMI

} THEN

IF (XP{M) .LT. 0.0 .OR. XP{M)
IF {YP{M) .LT. 0.0 .OR. YP(M)

+LE.

IT

IS5 HOT NEGLIGIBLE

THEN

GOTO 200
GOTC 200

RADIOACTIVE DECAY OF THE PUFF BEFORE THE NEXT INTERVAL

{RDXFL .EQ. t) THEN

BDQR(M) = BDQP(M) ® BDECAZ + ADQP{M) ® BINS!

ADQP(M} = ADQP(M) ® ADECA2

ENDIF
GDTD 499
ENDIF
ENDIF
c * %

200

210

COMPUTE THE PER INTERVAL WOVEMENT OF THE PUFF CENTER

TPM = TPM + DTPH
XP(M) = XP{M} + DXMI
YP(M) = YP(M] + DYMI

IF (XP(M)+RPEW .LT. 0.0}
IF (XP(M)-RPEW .GT. 153.0)
IF (YP(M)+BRPEW .LT., 0.0)

IF (YP(M)-RPEW .LE, 15,0}
MF(M) = 0
RETURN

CALCULATE THE EFFECTIVE GROUND BADIUS QF THE

IF (ZP{M} .LE. 10.0} THEN

Subroutine DIFDEP (cont'd)

GOTO 200
GOTO 200
GOTO 200
F0TO 210

152

PFUFF



*h
L h ]
* &

*
*h

RPGHW = RPEW
ELSE
IF (GCPCHI .GT. CHIMDT) THEN
RPGW = (SIGHMAY(M) * SQRT(2. * ALOG{(GCECHI /
CHIHMDT)) / DELXY)
ELSE
GOTO 400
ENDIF
ENDIF

RPGE = HPGW * 2.0

PUFCX AMD PUFCY ARE THE COORDINATES OF THE PUFF ON THE FINE GRID
EAST, WEST, NORTH AND SOUTH ARE EDGE COORDINATES
REGE 15 THE PUFF RADIUS AT GRQUMD LEVEL IN FINE GRID UHITS

PUFCY = 2 * XP{H) + 1
WEST = PUFCX « RPGE

EAST PUFCX + RPGE

PUFCY = 2 * YP(M) + 1
S0UTH = PUFCY - RPGE
NORTH = PUFCY + RPGE

IF {(WEST .LT. 1} WEST =1

IF (EAST .GT. 31) EAST = 11
IF {SOUTH .LT. 1} SOUTH =1
IF (NORTH .GT. 31) NORTH = 31

CALCULATE NEW CONCENTRATIONS FOR EACH CHI GRID POINT
INFLUENCED BY THE CURRENT PUFF

DO 310 I = WEST, EAST
DO 300 J = S0UTH, NORTH
RSQ = (((XP{M}*2.0) - (I-1)}¥%*2) +
{((YP{N)*2.0) - {J=1)}**2)
IF (RSQ ,GT. {(RPGE*RPGE}} GOTO 300

IF (UDEPTH .EQ. 0Q0.0) THENW
HEFF = ZP(M) - (TOROI(I,J) - TPH}
VEXP = EXP{HEFF ** 2 / (-2.0 * SIGZS5Q})
+ EXP[{2.0 * LDEPTH + HEFF) ** 2 / (-2.,0 *
+ SXP({4,0 * LDEPTH + HEFF} ** 2 / (-2.0 *
IF (ZP{H} .LE. LDEPTH} THEN
VEXP = VEXP
+ EXP({-2.,0 * LDEPTE + HEFF) ** 2 /

{-2. * sIGZ5Q)})
+ EXP{{(-4.0 * LDEPTH + HEFF) ** 2 / (-2.

* 5IGZ5Q)})
ENDIF

ENDIF

HEXF = EXP{HSGSQ*RSQ}

PCHI = PUFCRI * HEXP * VEXP

EXPCUM(I,J} = EXPCUM({I,J} + PCHI

END OF NORMAL DIFFUSION - START CCORRECTIONS FOR DECAY,
DEPOSITION AND WASHOUT

COMPUTE THE DRY DEPOSITION
IF (DPFLG .EQ. 1} THEW

AQR = ADQP{M) / CP(M)
ADPCHI = PCHI * AQR

IF (RDKFL .EQ. 1) THEW
BOR = BDQP(M) / QP{M)

Subroutine DIFDEP {cont'd}
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o LR
c L
300
310
C N
400
C e
c L

co
CoaT

CDPCHI =

TIDIF

CONPUTE EZXPOSURE

ARAPADV{I,J) = Il

IF (RDKFL

L

LE0.01

peny * up

R

CONPUTE DRY DEPOSITION

ADEPT

= DV

IF {RGKFL
SADEPT =

ADPADVMI(T, J!

* ADPCHEL
LEQL 1Y TH

PADVIL,J} =+
} ZEPADVI(I,S) =

ADEPT * CDIN(JH

ADPADVIL, !

EDPADV(I,J) = DOPRDVII,J)

EILSE

. OV * GOPCHI )

ADPADV(I,J} = ADPADVN{I,J}

oHDIE
EUDIF

BTIMNIE
IHUE

CONPUTE THE VET DEPOSITION

CONTINUE

IF WE HAVE WET DEPOSITION

IF (PRECIP .GT. 0 ,AMD, DP
WCDT = WC(PRECIP} * DT
IF (WCDT .GT. 60.} WCDT
THOCOEF = (WCDT / SIGYSQ)
AWSHO = WOCOEF * ADQP (i)
IF (RDKFL ,EQ. 1) BISHO
RPEE = RPEW * 2.0
YEST = PUFCX - RPEE
EAST = PUFCX + RPEE
101

HORTH

iF
IF
IF
IF

UTHE = PUFCY - RPEE

(WEST
{EAST
{SOUTH
{HORTH

.LT.

.GT.
.LT,
.GT.

PUFCY + RPEE

1} WEST =
A1) EAST =
1) SOUTH
31) HORTH

COtIPUTE WASHQUT FROM THE

DO 420 | = WEST, £AST
DO 410 & = SOUTH, MNORTH
RSQ = CLCXPEM) ® 2,00 - (1-131 #% 23 +
COLYPEMY * 2,00 = (2=13) *# 23
GOTD 410

IF (RSQ

BT,

(RPEERPEE) )

HEXP = EXP(HSGH) * REQ)
ADEPT = AMSHO ¥ HEXP

IF {RDKFL
BADEPT = ADEPT * BDIN(JM}

ADPADV{I,J]

LEQ. 1) TH

il {BDQP{H) .GT. O

Subroutine DIFDEP (cont'd)}

OF A SIGHIFICANT PUFF

FLG

* {SQRT TUOPL) / 2.0}

= WOCQEF * BDOP({1

1
31

6

1
3

JEG.

Q.

1

rRGil DZPLLTZID

ADF

PUF

Cill

BAPADVA{I,J]

ra=

+ BEDPCHI

- ADEPT * ADE{J)

= BADEPT -
* BDE(IM

-~ ADEPT

1]

™
L

dE

i

]

PUFT USIKRG THE ELEVATED RADIUS

EN

.0}
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THEN

= ADPALDV(I,J)} + ADEPT
BDPADV(I,J) = BDPADV{I,J} + EBADEPT

* ADK{J}



SADEPT =
BDPADV(I,J)
ENDIF

= ADPADVII,J} + ADEPT

ELSE
ADPADV (I, J)

ENDIF

DWSHO * ['EXP * 3DK(JI)
SOPADV{I,J] + ZADEPT

410 COMTINUE
420 CONTINUE

EUDIF
RADIOACTIVE DECAY OF THE ?UFF AT THE END OF EACH I:TERVAL
* BINSI

c "k
E 1) THEN
* BDECA2 + ADQP (M)

I (RDEFL .E0Q.
SDQP(A} = BDQP{)
ADQP (1) = ADQP (i) * ADECAZ2

ENDIF

DEPLETE BY DRY DEPOSITION

+EQ. 1) THEW
THEK
{2 * SIGYSQ * DV * GCPCHI) /

*

L L]
{SORT {TWOPI)

(]

{DPPLG
IF (GCPCHI
CFACT = 1 -
* 60.0 * QP (H))
IF (ADQP{M} .GT. 0,0} THER
ADQP (M) = ADQP(M) * CPACT
ENDIF
L.EQ. 1 } THEN

Ir { RDKFL
‘BDQP{I} = BDQP(M)} * CFACT

Ir
.GT. 0.0}

ENDIF

EMDIF
DEPLETE BY WET DEPCSITION
THEN

*x
IF (PRECIP .GT. 0)
ROUT = 1.0 - WC{PRECIP) * DT/GO.

IF (ROUT .LT. 0,3) ROUT = 0.0
ADQP (M) = ADQP(M) * ROUT
IF ( RDEPL .EQ. 1 ) BDQP(H} = BDQP{M)} * ROUT

ENDIF
ENDIF
AGE(M} = AGE(M) + OT

499
500 CONTINUE

RETURMN
END

Subroutine DIFDEP (cont'd}
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RO MESO! VERSION 2.0
Ragicactive Jecay module

Athey, G.F., J.¥. Ramsdei!, C.S. Glantz
Pacific Northwest Laboratary

P Box 999

Riechiand, Washington 99352

[y
c
[
c
C
c
[
c
o
C Created: §/1/83

C Lpdated:

C

o Dezcription;: Yodule to calculate the necessary constants for
c use in the decay czalcutations,

C

C Falatlcoship o other modules:

c

™ Yakes cafls tcr NOKE

c

C Calied from: RELEAS
gi!i!ii*ll!llll*ii*liilil*llilli{**i‘i‘lil*lﬁlIliii**lilli}l*l!!illl

SUBROUTINE ROK (NSI, DT

INCLUDE 'DECAY, INC!
INTEGER DT, NSI

ADECA2 = EXP{-ALMBDA * OT)
BOECAZ = EXP(-BLMBDA * DT}

(F (ALMBDA ,ME. BLMBDA) THEN

BiNS| = DKCOEF # (ADECAZ - BDECAZ)
ELSE

BINSI = ALMBDA * OT * ADECAZ
ENDIF

DO 300 1 =1, NSI
ADK(1) = EXP(-ALMBOA * { NS + 1 ~ | ) * [T
8DK(I) = EXP(~BLMBDA * [ NSI + 1 = | } * QT)
IF (ALMBDA .NE. BIMBDA; THEN
BRINCLY = OKCOEF * (EXP(-ALMAOA * ( NSI + 1 - | } * [T}

+ - EXPr-BLMBDA ® [ NS| + 1 = [ } %07}
ELSE
BOINGCEY) = ALMBDA * ( NSI + 1 ~ {1 ) * DT
+ ¥ EXP(~ALMADA # { NSI + 1 = | } ¥ OT}
ENDNF

300 CONTINUE

RETURN
END

Program Listing 30 Subroutine RDK

156



AR FERE SRR F R EERRARE R AR R FF A AR TR R ERR AR RN LSRR R RN ER LR

ASIG MESGE VERSIOM Z.0
Army Diffuslon Curves

c

<

C

[

c

c Athey, G.F., J.V, Ramsaell, C.5. Glantz

C Pacific Northwest Laboratory

c A Box 999

c Richiand, Washington 99352

c

C Createa: &/1/53

c Updated;

C

° Dascription: Computes new diffusion coefficlents given the
s

C
o
o
C
c
[
[
[os

last values, atmospheric stablllty, mixing |ayer thickness
and distance moved.

Reglationship to other modu!es:
Makes calls to:  HOME
Calleg from: D} FDEP
RN R RN R R TR R R
SUBROUTINE SiGMA { DSMIRI, STAB, LDEPTH, SIGMAZ, SIGMAY }
'NTEGER 5TAB
REAL AY(T), AL(T), BZ(TY, Q{7
DATA AY/ 0,37, 0.30, 0.20, 0,15, 0.10, 0,10, Q.10 /
DATA AZ/ 0,22, 0.20, .15, 0.10, 0.05, 0.05, 0.0% /
DATA BZ/ 0.0, 0.0, ©.000Z, 0.0015, 0.0003, 0.0003, 0.0003 /
GATA 2/ 0.0, 0.0, -0.5, ~0.5, ~1.0, =1.0, =1.0 /

XYY = {SIGMAY/AY(STAB))*4(10.0/9.0)
'FOUoxXNY LT, 10000.0)  THEN

AEY = XYY + DSMTR)
IF ( XEY .LT. 10000.9) THEN
SIGMAY = AY(STAB) * XEY *¥ (0.9
ELSE
SIGMAY = AY(STAD) *0.308 * XEY
END fF

ELSE
XY = SIGMAY / { 0.398 * AY(STAD) )
XKEY = X¥Y + DSMTR|
SIGMAY = AY{5TAR) * 0,398 * XEY
ENDIF
o CHEDX SIGMA 7 [INITIAL SIZE AGAINST MAXIMUM SIZE

SZLIM = 0.8 * LDEPTH
IF {SIGMAZ .GE. SZLIM} RETURN

L)

OMPUTE THE YIRTUAL DISTANCE FOR SIGMA 2

IF ¢ CZ(STARY .EQ. 0.0 } THEN
XVZ = SIGMAZ / AZ(STAB)

ELSE IF ( C2(STAR) .EQ. -0.5 ) THEN

Program Listing 31 Subroutine ASIG
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R = SIGMAZ/AZ (STAB)
RZ =R *R
XVZ = 0.5 * { R2 * BIZ(STAB} + R * SQRT(R2 * BZI(STAB)**2Z + 4.0) }

ELSE IF { CZ{STAB) .EQ. =-1.D ) TREN
IF ([ SIGHAZ .GE. AZ(STAB)}/BZ(STAB) ) RETURN
XVZ = SIGMAZ / (AZ (5TAR)-BZ{STAB}*SIGHAZ)
ENDIF
COMPUTE SIGMAZ
AEZ = XVZI + DSMTRI
SIGHMAZ = AZ(STAB) * XEZ * ( 1.0 + BZ{STAB) * XEZ ) ** CIZ(STAB)
IF (SIGHMAZ .GT. SZILIM) SIGMAZ = SILIM

RETURN
END

Subroutine ASIG (cont'd)
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B5iG MESO! YERSION 2.0
Brigg's Open Country Diffusion Curves

Athey, G.F., J.V. Ramsdel!, C.5. Glantz
Pacifle Morthwest Laboratory

PO Box 999

Rlchiand, Washington 993352

Created: 6/1/83
Updated:

Description: Computes new diffusion coefficlents glven the
last values, atmospharic stablll+y, mlixing layer thickness
and dlstance moved,

Relationship to other modul es:

Makes calls to: NONE

Called fram: [+ FCEP

GOCGOoOOOO0O000O0LI 00000000010

TR IR NI T T AT I O I LI A R
SUBROUTINE SIGMA ( DSMTRI, STAB, LDEPTH, SIGMAZ, SIGMAY )
{NTEGER 5TAR
REAL AY(7), AZ{(7}, EZ(T7), CZ(7)

DATA AY/ 0.22, 0.16, 0.11, 0.08, 0.06, 6.04, 0.027 /
DATA AX/ 0.20, 0.12, 0.08, 0.06, 0.03, 0.6, 0.011 /

DATA BZ/ 0.0, 0.0, 0.0002, 0.0015, 0.0003, 0.0003, 0.0003 /
OATA &2/ 0.0, 0.0, =0.5, -0.5, =1.0, =1.0, 1.0 /

o

*2  COMPUTE THE CHANGE [N SIGMA Y

BY = 1.0 E-4

cr = 0.5

R = SIGMAY/AY(STAB)
R2 =R *R

XYY = 0.5 # { R2 # BY + R * SQRT{R2 # BY*#2 + 4.0) )
XEY = X¥Y + DSMIRT
SIGMAY > AYISTAB) * XEY * ( 1.0 + BY * XEY )raCY

C % SIGMA Z

C * CHECK SIGMA Z INITIAL SIZE AGAINST MAXiMUM SIZE

SZLIM = 0.8 * LDEPTH
IF [SIGMAZ . GE, SZLIM) RETURN

C * COMPUTE THE VIATUAL DISTANCE FOR SIGMA 2

IF { CZ{5TAB) .EQ. 0.0 ) THEW
X¥Z = SIGMAZ / AZ(STAR)

ELSE IF { CZ(STAMB} .EQ. =0.5 ) THEW
R = SIGMAZ/AZ(5TAB)
R2 =R *R
XNZ = 0.5 # ( R2 * BI{5TAR) +R *
+ SQRT(R2 * BZ(STARI**2 + 4.0) }

ELSE {F ( CZ(STAR) .EQ. -1.0 ) THEN

Program Listing 32 Subroutine BSIG
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IF ( SIGMAZ .GE. AIZ({STAR)/BI(5STAB} ) RETURN
XV = SIGMAZ / (AZ(STAB)=-RZ(STAB)*SIGMAZ)
ENDIF
XEZ = XVZI + DSMTRI
SIGMAZ = AZ (STAB) * XEZ * ({ 1.0 + BZ(STAB) * XEZ ) ** CI(STAB)
IF (SIGMAZ .GT. SZLIM) GSIGMAZ = S5ILIM

RETURN
EMD

Subroutine BSIG (cont'd)
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Clliii*ilﬁlllillilliIiliiiiIIIIi*iIiIlll**llll!iiiilllll*l!l!i!il!li

D56 MESOI  VERSION 2.0
Desert Diffusion Curves

Athey, G.F., J.¥. Ramsdell, C.5. Glantz
Faciflec Northwest Laboratory

PO Box 999

RTchland, Washington 99352

C

[

C

C

c

C

c

C

C

c Created: &/1/83

c Updated:

¢

C Description: Computes new diffusion coefffcients given the
-

c
C
C
c
[N
C

tast values, atmospherlc stability, mixing layer thickness
and dfstance moved.

Relatfonship to othar modules:
Makes calis to; HONE
Calted from: DIFDEP

EE AR AR R F ARG RRER RN R R RSN NN FREN RN ER AR RN

SUBROUTINE SIGMA { DSMTRI, STAB, _DEPTH, SIGMAZ, SIGMAY )
REAL AY(7), BY(7), AZ{T7}, BZ(T7)
INTEGER STAB

DATA A¥/ 0.718, 0.425, 0.349, 0.267, 0.299, 0.401, 0.401 /
DATA aZ/ 0.100, 0.705, 0.128, 0.146, 0.331, 0.812, 0.812 /
DATA BY/ 2.0, 13.6, 11.2, 8,55, 9.57,12.8, 2.8 /
DATA B2/ 1.033, 0.975, 0.891, 0.824, 0.567, 0.307, 0.307 /

C o SIGMA Y COMPUTATION

Y = [ SIGMAY / AY(STAB) 1#%(1.0/0.85)
1F { x¥y (LT. 20000 )} THEM
¥EY = XVY + DEMTRI
IF { XEY ,LT. 20000 ) THEN
SIGHMAY = AY(STAB) * XEY¥**(. 85
£L5E
SIGMAY = BY(STAB) * SQRT{XEY)
ENDIF
ELSE
X¥Y = { SIGMAY / BY{STAR) )%#2
XEY = X¥Y + DOSMTRI
SIGMAY = BY({STAB} * SQRT(XEY)
ENDIF

C == 5S|GMA Z COMPUTATION
C »% CHEQK SIGMA Z INITIAL SIZE AGAINST MAXIMUM SIZE

SZLIM = 0.8 * LDEFTH
IF { SIGMAZ .GE. SILIM) RETURN

YZOHNG = ( (L.465% ® LDEPTH / AZ(STAR) }##({1 . Q/BZ{5TAR)}
IF { SIGMAZ/LDEPTH .LT. 0.485% ) THEN

XWZ = { SIGMAZ / AZ(STAB) 1%%( 1.0/BZ(STAR) )
XEZ = X¥Z + DSMTR!

Program Listing 33 Subroutine DSIG
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IP { XEZ .LE. XZCBNG } THEN
SIGNAZ = AZ(STARR) * XEZI**BZ{STAB)
ELSE
SIGHAZ = ([ 0.465 + 0.335 * { AEZ -~ X2CHANG } / XICHNG }
* * LDEPTH
END IPF

ELSE

AVZI = { { SIGHMAZ/LDEPTH - 0.465 ) / 0.335 + 1.0 )
* XICHHMNG
XEZ = XVI + DSMTRI
SIGMAZ = { 0.465 + 0,335 * ( XEZ - XICHNG .- / XZCHNG )

* LDEPTH
ENDIFP
IP (SIGMAZ .GT. SIZLIM) SIGHAZ = SILIM
RETURN
END

Subroutine DSIG (cont'd)
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MRCS G MESDLE  YERSIQN 2.0
Diffusian Curves As Used in A0QDOJ and PAVAN

Athey, G.F., J.¥. Ramsdel|l, C.S. Giantz
Pacific Morthwest Labaratory

PO Box 999

Rlch!ang, Washington 99352

Createqd: &/ 1/83
Updated:

Description: Computes new diffusion coetficients given the
|ast vaiuet, atmospheric stability, mixing layer thickness
and distance moved.

Relationsnip to othar modul es:
Makes calls *o: MONE

c
c
c
C
c
c
c
c
C
c
o
C
t
c
[
£
C
[
c
z Cal led from: &1FCEP
[

c

T AU T O T I T S N R R R

SUBROUTINE SIGMA {DSMTR!, S5TAS, LDEFTH, SIGMAZ, SIGMAY)
REAL AY(?), AZ{?,3), BZ(7,3}, (7.3
INTEGER 57AB

DATA AY/ 0.3658, 0.2751,0.2089,0.1471,0.1046,0.0722,0,04481/
DATA AZ/ O.1%2, 0.156, 0.116, 0.079, 0.063, 0.053, 0.032,
+ 0.00066,0,0382,0.113, 0.222, 0.2, 0.088, 0.052,
* Q.00024,0.055, 0,113, 1.26, 6,73, 18.05, 10.53 /
DATA BZ/ 0.936, 0.922, 0.90%5, 0.881, 0.871, 0.814, 0.814,
+ 1.941, 1.149, 0.911, 0,725, 0.678, (.74, 0.74,
* 2.0%4, 1.098, 0.911, 0.516, 0,305, 0.18, 0.18/
DATA &Z/ 0.0, ¢.0, 0.0, 0.0, 0.0, 0.0, 0.0,
+ 8.2%, 3.3, 0.0, -1.7, =1.3F, -0.35, =0.21,
+ -9.€, 2.0, 0.0, =13., -34.0, -48.6, -29.2 /

[l

XYY = [ SIGMAY/AY(STARY 1%%1.107
XEY = X¥Y + DSMTRI
SIGMAY = AY(STAR) * XEy##(, 9031

C #% 5SIGMA Z COMPUTATIONS
C ** [HECK INITIAL SIGMA Z SIZE AGAINST MAXIMIM

SILIM = 0.8 * LDEPTH
IF { SIGMAZ .GE. SZLIM) RETURN

C ®= COMPUTE YIRTUAL DISTANCE
X¥Z = { SIGMAZ/AZISTAR, 1) 1H¥{1.0 / €Z(5TAg, 1))

(F ¢ X¥Z .GE. 100.0 ) THEM
X¥Z= ( { SIGMAZ - CZ(STAB,2) ) / AZISTAR,2) )##
+ ¢ 1.0/ E2{5TAR,2) )
IF { X¥Z .GE. 1000.0 ) THEN
X¥Z2 ( | SIGMAZ - CZ(STAR,3) )} / AZ(STAB,3) )e*
+ { 1.0 / BZISTAB,3) )
ENDIF
ENDIF

Program Listing 34 Subroutine NRCSIG
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XEZ = XV + DSMTRI

IF ( XEZ .LE. 100.0 ) THENW

SIGMAZ = AZ(STAB,1) * XEZ ** RI(STAB,l1)
ELSE IF { XEZ ,LE, 1000.,0 ) THEN

SIGMAZ = AZ(STAB,2) * XEZ ** BZ(STAB,2) + CZ(S5TAB,2)
ELSE IF { XEZ ,GT. 1000.0 ) THENW

SIGMAZ ~ AZ (STAB,3) * XEZ ** BZ(STAB,3) + CI(STAB,3)

ENDIF
IF {SIGMAZ .GT. SILIM) SIGMAZ = SZLINM

RETURN
END

Subroutine NRCSIG (cont'd)
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GENERAL UTILITY SUBROUTINES

There are eight subroutines used in Version 2.0 of MESOI that are most
properly described as general utility subroutines. Table 12 1ists these sub-
routines along with their memory requirements and a brief description of
their use, The subroutines are Tisted in the table and discussed in this
section in alphabetical order,

CLEAN

Subroutine CLEAN is used to reduce the number of puffs that are being
tracked by MESOI. It is called from MESOI whenever the number of puffs at
the end of an hour exceeds twice the number of puffs released during the
hour.

Puffs are deleted for one of two reasons. They are deleted if the
active puff flag has been turned off because the puff has left the grid or
the maximum concentration in the puff has decreased below the minimum con-
centration of interest. They may also be deleted if puffs from the same
source are sufficiently close together that they may be combined without
causing a significant gap between puffs (see Figure B8.).

When two puffs are to be combined, the active puff flag for the puff
being deleted is turned off and the other puff is assigned source terms that
are the sums of the source terms for the two puffs. The sigma y value and
radius of the puff that will remain are increased to the square root of the
sum of the squares of the individual puff's sigma y values and radii, and the
puff that is to remain is assigned the larger of the individual puff sigma
z's. The other puff characteristics assigned to the combined puff are
averages of the characteristics of the puffs being combined.

After all puff combinations and deletions have been completed, CLEAN
recomputes the number of puffs remaining in the active puff list.

The code for subroutine CLEAN is contained in Program Listing 35.

DIRSPO

DIRSPD is a utility module which takes the U and V components of the
wind and computes an equivalent speed and direction. The subroutine cperates
by first determining which quadrant contains the wind vector. Direction in
degrees from through north, is computed based on the ratio of U and V. Speed
is computed using the basic Pythagorean relationship.

DIRSPD is used only by the TERRA module in determining relative angles
of the wind to terrain features, There are more elegant ways to perform the
necessary calculations within a program, However, the method used is easy to
follow and understand,

165



TABLE 12, General Utility Subroutines

LOCAL COMMON

NAME CODE DATA DATA USE

CLEAN 1000 88 28068 Deletes unneeded puffs,
consolidates overlapping
puffs.

DIRSPD 218 Converts wind U and V com-
ponents to direction and
Speed.

DTCHAR 334 191 Converts integer dates and
times to character stings
for titles, etc.

FILOPN 228 357 64 Opens disk files required
for MESOI execution.

JULTAN 58 52 Converts day, month and year
to Julian date.

LOCATE 2174 961 64 Finds correct meteorological
data records in data files,

MOOEND 2860 679 64 Permits model restart,
closes disk files, handles
file disposition,

SHIFT 139 8 25020 Moves meteorological data

from current hour to pre-
vious hour variables,
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Listing 36 contains the subroutine DIRSPD code.

DTCHAR

DTCHAR is a utility module to convert the date and time integers ob-
tained from the data records into character strings. These strings are more
easily handled for displiay by the plotting modules. In its present form,
DTCHAR creates a 9 character date string {e.g. 22-APR-83) and a 7 character
time string (e.g. 1230 LT). Other similar tasks could be added as needed.

The basic process of the module is to convert each digit of the various
integers into its equivalent ASCII character or a substitute character
string. The CHAR function of FORTRAN is used to make the direct integer to
character conversion. For example, the ASCII representation of the digits 0 -
9 are obtained by CHAR {digit + 48). The characters and strings are then
assembled into the final string using the concatenation operation (//).

Program listing 37 contains the DTCHAR code.

FILOPN

FILOPN is a utility module to open all the files required by the model
with the exception of the plot output files. Use of the graphic files will
probably be system dependent. There is no user interaction with this module.

FILOPN consists of a single loop which is executed once for each file to
be opened. Currently, twelve files are opened for model use. This is con-
trolled by the value of NFILES. The loop range is from 3 to NFILES+2 since
the first two channels assigned are for terminal I/0. The unit numbers,
names and status of the files are contained in arrays. FILOPN obtains the
necessary information for opening files from the specified elements of the
arrays. After each pass through the loop a message is sent to the terminal
indicating the result of the OPEN operation,

Inability to open a file does not stop program execution., FILOPN
displays an error message and continues. Errors are likely to occur later as
other modules attempt to perform I/0 operations to the unopened file,

Program listing 38 contains the FILOPN code.

JULIAN

This subroutine accepts integer values for the day, month and year and
computes the Julian day., MESOI data files contain the date as a Julian
value. However, when a user is specifying a date for simulation or release,
it is easier to input a month, day and year, JULIAN is used to convert the
user input date into a form which can be compared with the data date.
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JULIAN uses an array DYBFOR to define the total number of days which
have preceeded any given month. This value for a given month plus the number

of the days within the month plus any Teap year correction sums to the JULIAN
day.

Program listing 39 contains the JULIAN code,

LOCATE

The LOCATE subroutine searches the meteorological data files for the
correct records to start simulation. The model is designed to require a set
of observed data for its initialization. After that initial input, forecast
data can be used.

The calling program passes LOCATE the year, day, hour and minute of the
data record to be located and a unit index to specify which file is to be
searched. [Initially, LOCATE is called by INIT to position the observed data
file at the first record needed for simulation. The records are located by
reading thru the file in a forward direction to match dates and time, When
the correct record is located a message is printed giving the current
position of the observed data file and the starting record of the forecast
file.

If a matching record is not located, a message is printed indicating the
lack of matching data and control is returned to the calling program. Checks
are made during the read-through to determine when no more data is available
(Julian date = 888) and to assure correct file structure and record order.
These checks are minimal since it is assumed that the data file will be
created and error checked by data maintenance programs.

If during the simulation, DATRD detects that the Julian date on the next
record is 888, then LOCATE is called by MESOI to position the forecast file
at the next record in the time sequence. This branch of LOCATE is accessed
whan the unit index passed to the subroutine is 4.

Program listing 40 contains the LOCATE code,

MODEND

MODEND is the model termination module. It is designed to handle the
rewinding or closing of disk files after simulation has ended. First, the
module asks the user about restarting the simulation. If restart is
requested, the two meteorological data files are rewound and the subroutine
returns to MESOI. The output disk files remain open at their current locat-
ions,
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If execution is to be stopped, MODEND closes the meteorological data
files and then queries the user about the disposition of the generated output
and exposure files (MESOUT, EXPCUM, AXPADV, and BXPADV). The four options
are displayed as follows:

SPECIFY DISPOSITIDN FOR OUTPUT AND EXPOSURE FILES:

KEEP

DELETE

PRINT
PRINT/DELETE

I

One of the four options must be selected; other responses are ignored,
The files are then closed accordingly.

If the deposition flag (DPFLG)} has been set, the disposition query is
repeated regarding the depletion and deposition files (AXPADL, BXPADL,
ADEPQS, BDEPQS, ADPADV, and BDPADV). These files are closed as specified by
the user and the program stops. This is the normal termination point for the
model,

Program 1isting 41 contains the MODEND code.

SHIFT

SHIFT is a simple utility module that is accessed at the end of the
advection loop in MESOI before any further meteorological data is read, It
saves the wind grid components, air temperature and data date and hour for
later use in the temporal interpolations. The naming convention used is for
double letter variables to represent the current values and single letter
variables of the previous interval. For example, TT might be the air tem-
perature at 9:15 and T the temperature at 9:00.

Program listing 42 contains the SHIFT code.

169



CHERASRERF AR NRNERA R ER AR RRAR RSN RFEFELRR AR T F LR B ERR SR ERARN

C CLEAN MESQIl  VERSION 2.0
c Putf el imination and merge module

c

[ Athey, G.F., J.¥. Remsdeil, C.5. Glantz

G Paciflc torthwest Laboratory

z PO Box 399

C Richland, Washington 99352

<

c Created: §/1/83

C Updated:

c

c Descriptlan: Cailed only atter more than 2 * NPH puffs heve been
Iy raleasad, Al those pufts which have the flag MF set to zers
C are dropped. Marges puf#s of the same source whose separation
o is lass than the sum ot thelr sigma y's,

c

C Relationshio to other moduyles:

c

< takes calls to: HNOME

C

C Called from: MESQ

c
Clil*!Ilili*i!lI.Iilliilll!l*lilii!lllill!!!!iIllllliiﬁilll!illlilil

SUBROUTINE (LEAN

INCLUDE 'PUFFS. INC*
INCLUDE 'UMITS. INC!

¢ #% WERGE LOOP; CHECX PUFFS STARTING WITH rDUNGEST

I
J

TRUFFS
TAUFFS - 1

C * F PUFF 15 INACTIVE {T S NOT CONSIOERED

100 IF (MFTI} .EQ. O} GOTD 120
IF (SPOIY LEQ. SPUJ) _AND. MF(J) .EQ. 1) THEN

C % CALQILATE SEPARATION; COMBINE AUFFS IF SEPARATION 15 LESS THAM
C THE SUM OF THE SiGMA Y'S.

SEP = DELXY * SQRT({XP({!) - XP(J)) #* 2} +
+ (YPE1D = YR{J)) ** 2

IF {SEP / (SIGMAY{i} + SIGMAY(.J)) .LT. 1.0} THEN
MFL)) = 0
QPL1Y = QPLi) + QPL)
AMPULY = AIQP{L] + ADQP(J)
ADQPEL) = BOQP(I) + BOQP(J)

XPE1Y = (XPLIY  + XPL)Y)Y /2.0
YP{EY = (YP(L) + YPCJ)Y [/ 2.0
ZPO1Y = (ZP(1)  + ZP{JY)Y /2.0
AGE(L) = (AGE(I) + AGE(JYY / 2.0
DXSC1) = {DXS(1) + DXSE)Y / 2.0
BYS{IY = {DYSOIY + DYS(H) / 2.0

SIGMAY(I) = SRT (SIGMAYL]) #% 2 + SIGMAY[J) #* 2
SIGMAZ L) = AMAXI(SIGMAZ(1), SIGMAZI.)}

RADP{1] = SQRT (RADP{I1) ** 3 + RADP({,! ** 2}

Program Listing 35 Subroutine CLEAN
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120

C »

ENDIY

ERDIP
1 =1I-=-1
J=1-1

IF (¥ .GT. 1} GOTO 100
* DROP ALL THE INACTIVE PUFFS BY EDITING THEIA ATTRIBUTES OUT OF

c i THE VARIOUS ARRAYS,

200

220

240

I=1

J =1

IF (MF{I) .EQ. 0) GOTO 220
MP(J) = MP[I)

QP(J) = QP(I}

SIGMAY(J) = SIGHMAY(1l)
SIGMAZ (J) = BIGMAZ(I)
SPr(J} = S5P{I)

XP({J) = KP(I)

YP(J) = Y¥YP(I)

ZP(J) = IP(I}

DX5(J) = DXS(I)
pYS{J) = DYS(I}
ADQP(J} = ADQP(I)
BDQP{J) = BDQP{I}
RADP(J) = RADP{I}
AGE(J) = AGE{I)
J=J3+1

I=1+1

IF (I .LE. TPUFFS) GOTO 200

WRITE {LUN{2),240) TPUPPS-{J-1),J-1

FORMAT (5K, 'CLEAN CALLED --> ', 14, ' PUPPS DROPPED',
+ 4X, 14, ' PUFPS REMAIN ON THE GRID',/)

TPUFPS = J - 1

RETURN
END

Subroutine CLEAN (cont'd)
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CiRSPD MESQI  YERSION 2.0
#ind component conversfon module

Athey, G.F., J.¥. Ramsdel!, C.5. Giantz
Pacific Northwest Laboratory

PQ Box 999

Rlchland, Washington 99352

C

o

C

C

c

c

[

c

c

c Created: &/1/83

c Updated:

C

c Description: This subroutine accepts U end ¥ components of
C the wind a2nd converts them +o 2 speed and direction,
c
[
C
C
C
C
[
c

Relatlonship to ather mogules:
Makes caiis to: HNONE
Called from: TERRA

c L T Y TR T P Ty P vy
SUBROUTINE DIRSPD (U, v, DIR, SPEED}
REAL U, ¥, DIR, SPEED

IF (U .EQ. 0.0 .AMD. ¥ .EQ. 0.0) THEN
DIR = 0
SPEED = ©
RETURN

ENDIF

IF (U .GT. ¢.Q) THEN
(F (¥ .GT. 0.0) THEN
DIR = 180 + ATAMIABS{U/Y)) * 57,2958
ELSE
DiR = 270 + ATAN(ABS{V/U)Y * 57,2938
ENDIF
GOTO 100
ENDIF

IF (U .LT. 0y THEN
IF (¥ .GE. 0.0) THEN
DIR = 90 + ATAN{ABS(V/U}} # 57.29%4
ELSE
DIR = ATAN(ABSIU/Y)) * 57,2958
ENDIF
GOTO 100
ELSE
{F {¥ .GT. 0.0) THEN
OIR = 180,
ELSE
DR = 0.0
ENDIF
GOTD Q0
ENDIF

100 SPEED = {UM) + ¥Wy) ¢ 0.5

RETURN
EMD

Program Listing 36 Subroutine DIRSPD
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OTCHAR MESCI VERSIOM 2.0
Cate and tima character string gerarator

Athey, G.F., J.¥. Ramsdell, C.5. Glantz
Pacific Northwest Laboratory

PO Sox 999

Richland, Washington 99352

Created: 6/ 1/8%
Updated:

Description: Subroutine to convert groups of integers
fe.g. year, month efc.) into more easlly displayable
character strings.

Reiationship to other modules:
Makes calls ta: NONE

C
c
c
C
c
c
C
c
c
G
C
c
C
C
C
c
c
c
c Cailed from: PLOTZ, WNDFLD, WNODPLT
C

c

Ll Ty s T R s T e e e T 2 ST e T T e
SUBROUTINE OTCHAR (DYR, ODAY, DHR, DMIN, ODATE, DTIME)
REAL LYFLG
INTEGER OYR, DDAY, [HR, DMIN, FIRSTD(1Z}, LASTD(12}

CHARACTER* DDATE, OTIME
CHARACTER*S {M3{12}
CHARACTER®1 11, 12, 13, |4

DATA FIRSTD / t, 32,60, 91,121,152,182,213,244,274,305,335 /
DATA LASTD / 31, 59,90,120,151,181,212,243,273,304,334,365 /

DATA IM)  /'-JAN=', '=FEB~t, '=MAR—f, '-APR—!, tuMAY=',
+ TJUN-t, ogUL-t, P @G-, taSEF=t, 1-0CT-t,
+ eNDV-1, '-DEC-T /

C #*% CREATE DATE STRING

LYFLE = FLOAT(DYR)/4 - DYR/4
IF (LYFLG .EQ, 0} THEN
DO 100 ¥ = 3, 12
FIRSTD{{) = FIRSTO(I) + 1
100 CONT INUE

Lo 110 1 =2, 12
LASTDC() = LASTD((} + 1
(A1) CONTIMNUE
ENDIF

0O 200 1 =1, 12

If (DOAY .GE. FIRSTD(1) .AND, DDAY .LE, LASTDI1}) GOTD 210
200 CONTINUE

210 IDAY = DDAY ~ (FIRSTD(I) = 13
11 = CHARCIDAY/10 + 48)
12 = CHAR(JMDDCIDAY, 10} + 48)
i3 = CHAR(DYR/10 + 48)
14 = CHAR[JMOD(DYR, 10} + 48)

Program Listing 37 Subroutine DTCHAR
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DOATE = I1//12//IMO(I}//T3//14
** CREATE TIKE STRING

Il = CHAR{DHER/10 + 48}

IZ = CHAR(JMOD(DHR,10) + 48

I3 = CHAR(DMIN/10 + 48}

I4 = CHAR(JMOD(DMIN,1Q) + 48)

DTIME = I1//12//13//14//' LY

RETTORN
E’D

Subroutine DTCHAR {cont‘d)
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FILOPY MESCY  VERSIONW 2.0
File opening module

Pacific Northwest Laboratory
PO Box 999
Richland, Washington 99352

C
o
C Athey, G.F., [.¥. Ramsdei!, C.5. Glantz
C
C Created: 6/1/83

C

Updated:

C
c
c
C
Description: Modula to open all the disk flies required for
c model operatian,
o4
Cc
c
c

Relationship to other modules:

Makes zalls to: NONE

C
C
c
Called from: MESDI
c
CHREI MR RERIO R EE T T S R
SUBRQUTINE FILOPN
INCLUDE 'UNITS. INC'

CHARACTER®*10 FILES(12)
CHARACTER*3  FTYPE(12}

DATA FILES / rOBSDAT.DAT'!, 'FORDAT.DAT', 'MESOUT.DAT',

* TEXFCUM.DAT®, 'AXPOPL.DAT', 'GXPDPL.DAT',

+ VAPADY DATY, 'BXPADY.DAT', fAOEPDS.DAT’,

+ 'BDEPDS.DAT", 1ADPADV .DAT', 'BOPADY,OAT'/
DATA FTYPE / 'OLDY, 'OLDY, *HEW', 'HEW', 'NEN', 'NEW',

+ 'MEW!, THEW', TMEW', 'NEW', 'NEW', 'MEW'/
NFILES = 12

DO 200 N = 3, NFILES+2
OFEN (UNIT=LUN(N), FORM='FORNATTED!, STATUS=FTYPE(M-21},
+ FILE=F ILES{N-2), 105TAT=I1ER)
IF {JER .NE. Q) THEM
WRITE (LUNCZ),110) QER, FILES(N=2}, LUNIN)

o FORMAT (/3X, *ERROR NUMBER ', 14, ' OPENING FILE ', A1Q,
* ' ON UNIT NUMBER ', 12}
ELSE
WRITE (LUN{Z),120) FILES{N-2}, LUN(N)
120 FORMAT (/8X, 'FILE ', A10, ' QPENED ON UNIT NUMBER ¥, 12}
ENCILF
200  COWTINUE
PAUSE "TYPE C TO ONTINUE®
RETURN
END

Program Listing 38 Subroutine FILOPN
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c
c
c
C
c
c
c
c
c
c
[
o
c
C
c
c
c
c
o
C
c

JUL 1AN MESOI  YERSION 2.0
Cate converter

Athey, G.F., J.¥. Ramsdeil, C.5. Clantz
Pacific Northwest Laboratory

PO Box 999

Richiana, Washington 99352

Created: 6/1/83
lipdated:

Dascripticn: Accepts year, month and dey: returns Jul Tan date
Rejationship to aother moduies:
Makes cails toc: HNOME

Cailed from: INIT, RELEAS

RERERRA AR EER AR R RN DR ERFRERRERFRNRR RS N FEET RS E RN IR

SUBROUTINE JUL AN CIYR, 1MD, [DAY, JDATE)

REAL LYFLG

INTEGER |YR, IMD, DAY, JDATE, OYBFOR(12)

OATA DYBFOR / 0,31,5%,90,120,151,181,212,243,273,304,334 /
JDATE = DYBFOR(IMD) + |0AY

LYFLG = FLOAT(IYR)/4 - [TR/4

TF (LYFLE .B3. O .AND, IMD .GE. 3) JDATE = JDATE + 1

RETURN
END

Program Listing 39 Subroutine JULIAN
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LOCATE MESOL VERSION 2.0
Cata record |ccator

Athey, G,F., J.¥. Ramsdell|, C.5. Glantz
FPaciflc Northwest Laboratory

PO Box 999

Ricnland, Washington 99352

Created: 6/1/83
Updated:

Description: Program to search the data files for the required
starting records. The cbsarvation recards are searcned
ftirst for day, then hour and record number. The starting
date anc time of the forecast flle [s then reported.
Relaticnship to other modul gs:
Makes cails to;  HONE

Called from: HESDL, IMIT

¢ TRy ReEs RS- R RS R RU RS NSRS ReEe s Ra Na N+ RSN Ny

HELERAAFEELERRARERRSERERERARARREFFRRRE AR FRRERRRE XA RN RN

SUBRQUTINE LOCATE (SYR, SDAY, 3SHR, SMIN, LERRCR, LUINDX, INTFLG)
THCLUDE "UMITS. INCT

INTEGER SYR, SDAY, SHR, SMIN, YR, DAY, HOUR, MIN, DREC,
+ IDUM, LERROR

IF {LUINDX .EQ. 4) GOTD 200
WRITE (LUN{2},100)
WRITE {(LUN(5Y, 1008
100 FORMAT (/5X, TMETEDROLOGICAL DATA FILE SEARCH -- ' .}

190 READ (LUN{3),120, END=600,ERR=800} 1YR, DAY, HOUR, MIN, DREC
120 FORMAT (1X, 12, 13, 12, 12, 1X, If)
iF (DAY EQ. 888] GOTQ 400
{F (DREC .MNE .1} £0TO B20
€ *% SIMILATION |S REQUIRED TO START OH THE HQUR
IF (MIN .NE. D) GOTD 660
IF (SYR .LT, IYR .OR, 5YR .GT. {IYR+1}) GOTO 620
IF (DAY .GT. SDAY ,AND. SDAY .GT. 2) GOTD 620
IF (DAY .EQ. SDAY} GOTD 150
READ (LUN(3),130) IDUM
READ (LUN(Z),130) 1OUM
130 FORMAT (A1)
IF (INTFLG .EQ. 0) GOTO 110

DO 140 1 =1, 8
READ (LUN{3),130) (DUM
140 CONTINUE
GOTO 110

G * [OCATE PROPER HOUR
120 IF (HOUR .EQ. SHR) GOTD 170
READ (LUN(3),130) tDUM
READ (LUNC3),13Q)1 10UM
IF {INTFLG ,EQ. ¢} GOTO 110

M0 | =1, 9

Program Listing 40 Subroutine LOCATE
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READ (LUN{3},130) IDOM
160 CONTINUE
GOTO 118

170 WRITE (LUN(2),180) IYH, DAY, HOUR, WIN, DRESC
WRITE (LUM(5),1BD) I¥R, DAY, HOUR, MIN, DR:ZC
180 FORMAT (7X, 'OBSV FILE POSITIONED AT: JULIAN DAY = ',I2,1X,I3,
+ 3X," TIME = ', 12, ':', 12, 3%,' RECORD ',11/)
BACKSPACE LUHN({3)

READ {LUM{4),120,END=640,ERR=640) IYR, DAY, HOUR, MIN, DREC
BACKSPACE LUN(4)

WRITE (LUM(2),1%0} I¥YR, DAY, HOUR, MIN, DREC
WRITE {LUN{5),1%0) IYR, DAY, HOUR, MIN, DREC
190 FORMAT (7X, 'FORECAST FILE STARTS AT: JULIAN DAY = *, I2,
+ 1X, I3, 3X, ' TIME = ', I2, ':', I2, 3%, ' RECORD ', Il/}
LERROR = 0
RETURN

200 WRITE (LUN(2),210)
WRITE (LUM(5},210)
210 FORMAT (/5X, 'FORECAST DATA FILE SEARCH -= *,/)
220 READ {LUN(4),120,END=640,ERR=840) 1YR, DAY, HOUR, MIHN, DREC
IF {DREC .NE. 1} GOTO 820
IF (MIN .NE, 0} GOTO B60
IF (DAY .EQ. SDAY) GOTO 24D

READ (LUN(4},130) IDUM
READ ([LUM{4),130) IDUM
IF (INTFLG .EQ. 0) GOTO 220
Do 2301 =1, 9
READ (LUN{4),130) IDUM
230 CONTINUE
GOTO 220

240 IF (HOUR ,EQ. SHR) GOTO 260
READ (LUN(4),130) IDUM
READ (LUM(4},130) IDUM
IF {INTFLG .EQ. O} GOTO 220

PO 250 I =1, 9
READ (LUN{4),130} IDUM
250 CONTINUE
GCTO 220

260 IF (MIN .BQ. SMIN .OR. INTFLG .EQ, @) 5070 270
READ {LUN{4),130} IDUM
READ (LUN{4),130) IDUM
READ (LOUN(4},120,END=640,ERR=840} IYR, DAY, HOUR, MIN, DERC
GOTD 260

27000 2801 =1, 2
READ {LUN{4},130} IDUM
280 CONTINUE
READ (LUN({4),120,END=640,ERR=£40}) IYR, DAY, HOUR, MIN, DREC

WRITE (LUM(2).,29%0) I¥R, DAY, HOUA, MIN, DREC
WRITE (LUNMN(5),290) IYR, DAY, HOUR, MIN, DREC
290 FORMAT {3X, 'FORECAST DATA FILE POSITIOMED AT: JDAY = ',I12,

+ 1%, 13, 3X, ' TIME = * ,12, ':', 12, 3%, ' RECORD ', Il/}
BACKSPACE (LUM{4})
LERROR = 0@
RETURN

600 WRITE (LUN(2),610) S¥YR, SDAY, SHR

Subroutine LOCATE {cont'd)
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WRITE (LUN{5),610) SYR,

610 FORMAT {/5X,

+

' DURING SEARCH', /7X,

+ ST,
LERROR = 1
REWIND (UNIT=LUN{3)})
REWIND {(UNIT=LUMN(4})
RETURN

620

+

€40
660
200
810
840
860

SDAY,

SHR

'LOCATE »> EOF ENCOUNTERED IN ORSERVATION DATA FILE',

'FOR DAY ', 12, 1X, I3, ' HOUR ', I2,

*SIMULATION WITH SPECIFIED DATE AMD TIME IS IMPOSSIBLE',//)

WRITE (LUN(2},630)
WRITE (LUN{5),630)
630 FORMAT (/5%,
'CANNCT SIMULATE DAY ',

IYR, DAY, SYR, SDAY
[YR, DAY, SYR, SDAY
'DATA FILE STARTS ON DAY ', 12, 1X, 13, 5%,

(UNITaLUN(2))
(UNIT=LUN(4})

LERROR = 1
REWIND
REWIND
RETURN

STQP ' ERROR
5TOP ' ERROR
STOP " ERROR
STOP ' ERROR
STOF ' ERROR
STOP ' ERROR
END

1
2

(IN
{IN
{IN
[IN
{IN

(IN

LOCATE)
LOCATE)
LOCATE}
LOCATE)
LOCATE)
LOCATE)

1z, 1X, 13/}

EOF IN FORECAST FPILE'

UNRECOGNIZED DATA SEQUENCE (OBSV}'
READ ERROR IN OBS FILE'

INCOMPLETE DATA RECORD'

READ ERROR IN FCST FILE'

UNRECOGNIZED DATA SEQUENCE (FCST)'

Subroutine LOCATE (cont'd)
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c
c
c
C
c
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C
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C
o

130

140
150

160

200
210
+

+

MODEMD MESOQ ! WERSION 2.0
Simul ation tarminatian handler

Athey, G.F., J.¥. Ramsdel!, C.,5. Glant:
Paclfic Nor thwast Laboratory

PO Box 999

Richiand, Washington 99352

Created: 6/1/83
Updatad:

Dascription: Subroutine to handle the restart of the model and
the disposition of the digk files.

Relationship to other mogules:
Makes calls tor NOME

Called from: WESD

FUHRAFARA AR FETERRARRRRFRA AN ERBAR AR AR NN L LB ER R AL R B RF IR R

SUBROUTINE MODEND {#*, *, DPRLG)
IMCLUDE 'UMITS. INC?
INTEGER 1DISP, DPFLG

CHARACTER®12 DI1SPO(4)
CHARACTER®*1  SELECT

DATA CISPO /'KEEP i
'DELETE ',
TPRINT 1

'PRINT/DELETEY/

WRITE {LUNC2Y,11'0)

FORMAT (/SX, 'DD YOU W!SH TO START JHOTHER SIMULATIQN? Y OR N')
READ {LUN(17,120,END=100,ERA=100) SALECT

FORMAT (A1)

{F {SELECT .EQ. 'Y' .OR. SELECT .E£Q. 'y') THEN
REW IND LUN(E)
REW [ND LUN( 4)
WRITE (LUN(S),130)
FORMAT (/%X, '#* RESTART REQUESTED #*1/)

WRITE (LUN(2),150}
FORMAT (/%, 'D0 YOU WISH TO REINITIALIZE THE GRIDT ¥ OR N}
READ (LUN{1),120,END=140,ERR=140} SELECT
IF (SELECT ,EQ. "Y' _OR, SELECT .H). 'y') RETURH t
WRITE (LUM(S},160)
FORMAT (/5X, %% NO GRID REIN!TTAL [ZATION *&1/)
RETURH 2
ENDHF

CLOSE (LUN(3))
O OSE (LUNC4Y)
PRINT #, ' METEOROLOG!CAL DATA FILES CLOSED®

WRITE (LUNE2Y,210)
FORMAT (/5X, 'SPECIFY DISPOSITION FOR CUTPUT AND EXPOSURE ',
' FILES:*, /IX, 'l = XEEP', /IX, '2 = DELETE!,

Program Listing 41 Subroutine MODEND

180



220
230

-+

/7X, '3 = PRINT', /7X, '4 = PRINT/DELETE'/)
READ (LUN(1l),*} IDISP
IF (IDISP .LT. 1 .OR. IDISP .GT. 4) GOTO 200

CLOSE (LUNW(3), STATUS DISPO{IDISP)}

CLOSE [LUN{6}, STATUS = DISPO(IDISP})
CLOSE {(LUN(9), STATUS = DISPO{IDISP)}
CLOSE (LUN(10Q}, STATUS = DISPO(IDISP))

PRINT *, 'OUTPUT AND EXPOSURE FILES CLOSED’

IF {(DPFLG .EQ. D) <THEN
IDISP = 2
ELSE
HRITE (LUN{21,230)
FORMAT (/5X, 'SPECIFY DISPOSITION FOR DEPLETED AMD DEPOSITION',
' PILES:*, /7X, 'l = REEP', /77X, '2 = DELETE',
JTX, '3 = PRINT', /7X, '4 = PRINT/DELETE'/}
READ (LUK({1l),*) IDISP
IF (IDISP .LT. 1 ,OR. IDISP .GT. 4) GOTO 220
ENDIF

CLOSE (LUN(7}, STATUS = DISPO{IDISP))
CLOSE (LUN{8), BSTATUS = DISPO{IDISPE))
CLOSE (LUN(1l1), STATUS = DISPO(IDISP))
CLOSE {LUN(12), STATUS = DISPO{IDISP))
CLOSE (LUN{1l3), STATUS = DISPO(IDISP})
CLOSE (LUN{l4}, STATUS = DISPO(IDISP))

PRINT *, "DEPLETION AND DEPOSITION FILES CLOSED'
STOP 'END MESQI EXECUTION®
END

Subroutine MODEND (cont'd)
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SHIFT MESQY  YERSION 2.0
Save wind fleld, timas and temperature

c

c

C

o

c Athey, G.F., J.¥. Ramsdeii, C.5. Glattz

c Faclific Horthwest Laboratary

C PO Box 999

< Richiand, Washington §9352

C

c Created: &/1/83

c Updated:

c

c Description: Module to save paramete-s fram the previous
C hour. Cailed at the end of each simutation hour.
[nd

C Rejationship to other modules:

C

C Makes calls to: NOME

c
c
C
C

Called from: MESD1, INIT

SRR EEE AR O R RS R 2T IR0 RS SR
SUBROUTINE SHIFT

IMCLUDE 'BATIM, INC!
INCLYDE "WINDS, [NC*

2ol =1
DO 100 =1, 16
e, dr =
YO, J) = WY (I, 0]
100 CONMTINUE

200 COMTINUE
PREYDY = DDAY
PREYHR = DHR

G = WG
Y6 = YVG
T=TT
RETURN
END

Program Listing 42 Subroutine SHIFT
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COMMON_BLOCKS

MESOI Version 2.0 makes extensive use of labelled COMMON blocks for
passing data between program elements. There are 12 of these blocks, They
are listed in Table 13 along with their memory requirements and a brief de-
scription of their contents. More than half of the total MESOI memory
requirement is taken for storage of the data in the MATRIX, PUFFS, and WINDS
blocks,

Each COMMON block is defined in an INCLUDE file that is referenced in
the program elements where the block is needed., In addition to the COMMON
statements, the INCLUDE files contain INTEGER, REAL and DATA statements as
appropriate,

Program Listing 43 contains the INCLUDE files. If MESOI is to be run
on a computer system with a FORTRAN 77 implementation that does not support
the use of INCLUDE files, the COMMON, INTEGER, REAL and DATA statements in
the INCLUDE files must be inserted in each program element where the INCLUDE
file is referenced.
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TABLE 13, Common Blocks

COMMON S1ZE

BLOCK (BYTES) CONTENTS

ARRIY 1560 Information related to the status of time-integrated
concentrations at selected check points.

CHAR 187 Character variables including the simulation title,
wind station names, and the date and time that the
simulation was run.

CONST 324 Constants used in computations including the depo-
sition velocity and washout coefficients,

DATIM 188 Information related to the simulated time and cur-
rent meteorological conditions other than wind,

DECAY 760 variables related to decay and ingrowth,

MATRIX 34596 Nine arrays for accumulation of time-integrated
concentrations and surface contamination at grid
nodes,

PUFFS 28004 Information related to individual puffs including
original source indentification, position, source
strength, diffusion coefficient values, radius,
status and age,

REL 224 Information related to releases, source position,
strength, effulent flow rate and temperature, time
of release, duration of release (in number of
puffs),

STATN 4184 Information on position and status of wind observa-
tion stations,

TOPOGR 3848 Topagraphy for use in diffusion computations.

UNITS 64 Logical unit assignments for model input and
output.

WINDS 24832 Wind data, distances from grid nodes to closest wind

observation points.
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Cc
C
c
Cc
Cc
c
C
Cc
C
C
C

BRRIV.INC

Created: 6/1/83
Updated:

Description: Checkpoint array, thresheld values and flag

Inciuded in modules: MESDI, ARRIVN, ARRTIM, EXPSUM

LEA I A2 S AR AR 22 LS s taia Rt st AR ittt as bt ittt Rl

REAL ARRIVL(11,35}, THRSAl, THRSHZ
INTEGER ARRFL, EXPFLG, HCP
COMMON /ARRIV/ ARRIVL, THRSHL1, THRSH2, ARRFL, EXPFLG, NCP

b LA LA LA R R LIl A AT IR PP IS P FI I Y ST T T T T

Cc
C
c
C
C
C
C
c
C
C
Cc
C
C

CHAR.INC

Cxeated: §/1/83
Dpdated:

Description: Character variable include file
Included in modules: MESQI, DIFDEP, GRIDIN, INIT, PLMRIZ,

PLOTZ, PRINTE, REARNG, SCREEN, STRAY,
TERRA, WIND, WHDFLD, WHDFLT

LLE AR S AR I R Rl etz Ty I e e T P T T Y S 222 2

CHARACTER*]1 TITLE (50)
CHARACTER™4 BAMST{30)
CHARACTER*S RTIME
CHARACTER*9 RDATE

COMMON /CHAR/ TITLE, RAMST, RDATE, RTIME

Cohkkdbansbdkantkdnrenicistthtbantddibandddidiendtdddtndisdrdbrd ity

[
[
c
Cc
c
c
c
C
[
C
c
c

CONST. INC

Created: 6/1/83
Updated:

Desgcription: Conatant include file

Included in modulea: MESQI, ARRTIM, DIFDEP, INKIT, PUPPN,
PUFFR, RELEAS, WINSPD

LA S A A s b e s il IS a LA s Al PR LY AL I R A i

REAL CHIMIN, ACNST, PAC, ADT, DELXY, DV, TWOPI, WC(§),
+ X5({31), ¥S(3l), RCH, ALPHAU, ALPHAV

INTEGER WPH, ALPHFL, INTFLG
COMNON /CONET/ CHIMIN, ACNST, PAC, ADT, DELIY, OV, TWOPI, wC,

+ X8, Y5, RCH, ALPFHAD, ALPHAV, WPH,
+ ALPEYL, INTYLG

"rogram Listing 43 Include Files
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GATI!M, INC

Created: 6/1/83
Updated:

Included in modules: MESQI, ARRTIH, DATRD, DATWR, DIFDEP,
INIT, PLMRIZ, PLOTZ, PUPFM, SCREEIN,

o

C

o

c

c

C

C Description: Data, date and time include file
C

c

C

C SHIFT, WIND, WHDFLD, WHDPLT
C

c

2 EEEI LR LRSI E LSRR E R A R FELIS I ER SRR R AR SRS SR R R E LA R R AL R AR LS L)

RERL COHV

INTEGER DYR, DDAY, DHR, DMid, DREC, STAB, LODEPTH, PRECIP,
+ UPWIND, DATA(30), TEMPA, TEMPB, T, TT, PREVDY, PRAEVHR,
+ UXTDAY

COMMON /DATI#/ CONV, DYR, DDAY, DHR, DMIN, DREC, STAB,
+ LDEPTH, PRECIP, UPWIND, DATH, TENPA, TEMPE,
+ T, TT, PREVDY, PREVHR, NXTDAY

DATA CONV / 1.0 /

LA T s T L T T T e T e e e et L

DECAY.INC

Created: §/1/83

C
[
c
c
C Updated:

c

c Degcription: Radioactive decay variable include file
c

[ Included in modules: MESOI, DIPDEP, RDEK, ROEIN, RELEAS
cC

C

LTI R AR R R AR 22 R R R R R R 2T Rt R e l)d)

REAL ADK{G0), BDK{60}, BDIM(60), ADECAL, ADECAZ, BDECAIL,
+ BDECA2, BINAS, BINSI, ALMBDA, BLMBDA, DKCOEF

INTEGER ROKFL

COMMON /DECAY/ ADE, BDK, BDIN, ADECAl, ADECA2, BDECALl, BDECA2,
* BINAS, BINSI, ALKBDA, BLMEDA, DKCOEF, RDKEFL

oA AR Al AR A AR S A2 AT Rl I T T T Y S Y L ]

MATRIX.INC

Created: 6/1/83
Updated:

Description: Grid matrix actay include file

Incloded in modules: MESOI, ARRTIM, DiFDEP, EXPSUM, INIT,

c
C
c
C
c
C
c
c
C
g PRINTE, SCHEEN
c

Qitttti‘tt**ttitiltttttiittt*tttt’tllttti*t*ﬁ*it!tttt***tt*tlltittt
RERL EXPCUM(31,31}, AXPDPL{31,31), BXPDPL{31,31),
+ ADEPOS (31,31}, BDEPOS{31,31), AXPADV{3l,31),

+ BXPADV(31,31}, ADPADV(31,31), BDPADV(31,31}

COHMON / WATRIX / EXPCUM, AXPOPL, BX?DPL, AXPADV, BXPADV,
+ ADEPCS, BDEPOS, ADPFADV, BDPADV

Include Files (cont'd)
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PUFF5.INC

Created: 6/1/83
Dpdated:

Description: Puff parameter include file

Incliuded in modules: MESOI, CLEAN, DIFDEP, INIT, PLOTZ,

c
C
C
C
c
c
c
c
c
C PUFFM, PUFFR, TESTM
c

C

LA sl AR AR ARt R LAt ER ARt Rl RSl Rl Rl )]

REAL XP(508), ¥YR{50Q}, ZP(50D), QP(500}), DX5(500), DYS(500),
+ ADQP (500}, BDOQP(500), SIGMAY(500), SIGHAZ(500), RADP{500)

INTEGER TPUFFS, MF(500), AGE{500)., SP(500}

COMMON / POFFS / XP, YP, IP, QP, DXS, DYS, ADQP, BDOP, SIGMAY,
+ SIGMAZ, RADP, TPUFPS, MF, RGE, 5P

WAL LR LA A AR IR L e L L TR R

c
<
c REL.INC
C
C Created: 6/1/82
C Updated:
Cc
g Description: Release parameter include file
c Included in modules: MESOI, INIT, PLMRIZ, PLOTZ, PUFFR,
g RELEAS, SCREEN, WINSPD
c’*tiiwt’Itt**ttiit*t*t**Iti*****ﬁit*tt*****tttﬁtt***ttttlittii*tttt
REAL XSODRC(4}, YSOURC{4), ZSOQURC{4), QSOURC‘4), QH{4),
+ STEMPC, EFFLUX
INTECER HSOURC, NPUFFS{4}, RELDAY({4), RELHR(4), PARTHR(4},
+ MAXPUF{4), PLHRFL(4), DPFLG, PUFLG(4)
COMHON /REL/ XSOURC, YSOURC, ZSOURC, QSQURC, QH, STEMRPC, EFFLUX
+ NSOURC, NPUFFS, RELDAY, RELHR, PARTHR, I[lAXPUF,
+ PLMRFL, DPFLG, PUFLG

ctit*itttti‘ttt.i*itIl.iﬂt*ti*II*I.tIiiQi‘ﬁ*tiit.'*lttiit'i!ttiiltt.

STATH. NG

Created: 6/1/83
Updated:

Description: Station parametar ineclude fila

Tncluded in modules: GRIDIN, REARNG, STRAY, WIND, WHDFLD,

[
c
C
c
c
c
c
c
c
C WHOPLT
c

c

iitit'*itiiitttlﬂiiitiitt*ﬁﬁl!ttititt*ﬁii*tittt*iti*t**itt!!l*ititt

REAL X5TA{30), YSTA(3Q)
INTEGER ACTSTA, STATUS(30), ELEV(30)
COMMOR /STATE/ XBSTA, YSTA, ACTSYA, STATUS, ELEV

Include Files {cont‘d)
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TOPOGR . INC

Created: 6§/1/B3

c
C
cC
[
c Updated:

c

C Description: Topography data include file

C

c Included in modules: MESOI, DIFDEF, DTOPO, TOFFIL
c

c

bt i iR A L A L L T ey e T T T T T 1T
INTEGER TOPO(31,31), TOPFLG
comMON /TOPOGR/ TORO, TOPFLG

cit*iiil**itiIﬁitiIiitt*.’ﬂl**‘.'.tiitt"**ii.**-iil"‘.i.'*lilt*‘..

OHITS. IRC

Created: 6/1/83
Updated:

Depcription: Logical unit assignment include flle

Included in modules: MESOI, ARRIVE, ARRTINM, CLEAN, DATED,
DATWR, EXPSOM, FILOPN, GRIDIN, INIT,
LOCATE, WODERD, PLMRIZI, PLOTR, PRINTE,

RDKIN, HBLEAS, SCREEN, TERRA, TESTN,
TOPFIL, WIND, WHDFLD, WHDFLT

c
C
c
c
ol
c
c
C
cC
C
c
C
C
gtiit*ititttttiiti‘ttitttitiitt'iiii*iltttl*‘ititﬁtittitiit*tltlii.t

INTEGER LUN(16}

COMMON / UNITS / LOUW

DATA LON / 5, 6, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 24,
+ 21, 28, 30 /

Chkdfadaribddddsddeddddatnidbanttaardtddnsadddntaath bt wa bt e AR T whS

c

c WINDS.INC

c

c Created: 6/1/83

C Updated:

c

Cc Description: wWind grid includa file

Cc

c Included in modules: MESOI, INIT, PUFFM, SHIFT, G5TRAY,
C TERRA, WIND, WINEPD, WHDFLD, WHDPLT
c
C.Itt*itti****i*t‘i**t'**liitll‘ﬁ'tt.i"ﬁ**t.i'ﬂ*‘iﬁi.ttitit"..'ﬁ‘.

BREAL STDIST(10,16,16), U(i6,16), V(16,16), UG, VG, UU{16,16),
+ ¥vi{l6,16), UDG, VvG

INTEGER IYTWOM(10,16,16), 3PC(30), DIR(30}, TERFLG

COMNOR /WINDS,/ #IDIST, U, ¥, DG, VG, DU, VY, UUG, VVG, STEON,
+ 0, DIR,

Include Files {cont'd)
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MESOI CUSTOMIZATION

MESOI has been developed to meet the needs of the U.S. Department of
Energy related to its operations at Hanford, Washington and to meet the needs
of the U.S. Nuclear Regulatory Commission Intermediate Dose Assessment
System. Both of these organizations have requirements for model features and
flexibility that may be beyond the requirements of other users, and they have
access to relatively large minicomputer systems, As a result, it is likely
that other potential users of MESOI may want to customize it to their
specific needs and systems. This section outlines areas of the program that
should be considered in model customization. These areas include 1) computer
system related features, 2) data files, 3) model control parameters, 4) model
computational features, 5) model output, and 6) run time initialization,

SYSTEM RELATED FEATURES

In preparing the MESQI Version 2.0 computer code, care has been taken to
use ANSI Standard FORTRAN 77 (American National Standards Institute 1978) and
1imit the number of extensions to the standard that are used, As a result,
the code should be highly transportable between computers. Most of the code
should also be compatible with extended versions of FORTRAN 66 (FORTRAN IV).
Three areas where program modifications may be necessary are: 1) the use of
INCLUDE files to supply specification statements to the various program
elements where they are needed, 2} the use of a COMMON block to make logical
unit assignments to input and output devices, and 3) the use of the block
IF-THEN-ELSE structure. Of these areas only the use of INCLUDE files is an
extension to the 1977 standard, and the modifications needed to eliminate
any problems should be straightforward.

Three other areas where the user's system might require modifications to
MESOI are in the terminal control sequence, the piot commands used in the
output routines, and the sequences and commands used to open and close files,

DATA FILES

MESOI Version 2.0 makes extensive use of data files., Model execution
requires that many of these files exist and be immediately available to the
model. The files that must be available include meteorological data files
(both observed and forecast) and a file containing the locations of the
sources of wind data to be used. The meterological data file formats must
conform to the formats used to read in data in subroutines LOCATE and DATRD.
The proper factor to convert the wind speeds from the units in which they are
reported to meters/second must be incliuded in the DATIM common block. The
format for the wind observation station file must match the format in the in-
put statement in subroutine GRIDIN.
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If the model is to be fully customized, two topographic files and a
check point file should be prepared and available at model execution time.
The model can be run without these files if they are not available, but it
will not make use all of its features,

One of the topographic files contains the elevations at each of the
nodes of the grid used to accumulate time-integrated concentrations, and the
other contains the information needed to adjust the winds at locations where
the topography is expected to affect the wind. Preparation of the first of
the files is straightforward, preparation of other requires a good deal of
meteorological insight,

The checkpoint file specifies locations of receptors of specific inte-
rest. These receptors might include institutions where evacuation could be a
problem such as hospitals and jails; they might include population centers,
key transportation centers, and significant agricultural or water resource
areas. The format for the checkpoint file is specified in subroutine ARRIVN,

MODEL CONTROL PARAMETERS

A number of model control parameters for MESQOI are set in the code with-
out user interaction. These parameters include the default grid spacing, the
number of puffs to be released per hour, the maximum number of sources, the
maximum duration of the period that can be simulated in a single model run,
the maximum number of puffs that can be followed, and the minimum concentra-
tion of interest. The user may wish to modify any or all of these parameters
permanently, or to alter the code so they may be changed interactively on a
run-by-run basis.

The default grid spacing is set in subroutine GRIDIN as 5000 meters.
This spacing applies specifically to the grid used for the surface wind
field. The spacing of the grid used for accumulation of the time-integrated
concentrations and surface concentrations is one half of the wind grid
spacing, i.e. 2500 meters. An opportunity to change the wind grid spacing is
presented during model initialization. If the spacing is changed, separate
topographic files should be provided for the new spacing.

The number of puffs that are released each hour is set at the beginning
of subroutine INIT. In the code as published, four puffs will be released
each hour, uniess the release duration is less than one hour., The acceptable
release rates are the integer factors of 60.. If the puff release rate is
changed, the DATA statements that define the acceptable sampling intervals
and number of sampling intervals per advection period must alsoc be changed.
The acceptable values for these variables are the integer cofactors of the
advection period duration when expressed in minutes,
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MESOI Version 2,0 will accommodate releases from four release points
without modification. There is no fundamental reason that the limit could
not be increased. If a higher 1imit is desired it can be set by changing the
upper 1imit in a logical IF statement that occurs at the beginning of sub-
routine RELEAS. The text string in FORMAT statement 140 should also be
changed to reflect the new range for number of release points. Similarly,
the dimensions for variables containing release information in subroutine
RELEAS and the REL.INC file should be increased to the new maximum.

The default limit on the duration of any simulation is set by the upper
1imit of the loop that starts with DO 400 in MESOI. This limit may be in-
creased or decreased without affecting any of the model's computations.

Puff release rate, the number of sources and the duration of the simu-
lation determine the maximum number of puffs that can be tracked at anytime
by MESQI is determined by the dimensions for the variables that store the
puff attributes. These variables are found in the PUFFS,INC file. The cur-
rent dimension is 500, which is not sufficient to accommodate all of the
puffs that could be released by MESOI in a 48 hour simulation. As a prac-
tical matter, however, the dimension is more than adequate because puffs are
combined as they overlap and are deleted as their concentration decreases or
they move off the grid. If the puff release rate, maximum number of sources
or maximum simulation duration is changed, consideration should be given to
revising the dimensions in the PUFFS.INC file,

The minimum time-integrated concentration of interest, in mass-hours per
cubic meter, is set in the program line just after the puff release rate is
set. The current value is 10-13, The division by 60 is necessary because
the sampling interval is expressed in minutes and is not a constant.

MODEL COMPUTATIONAL PROCEDURES

Unless a major modification of MESOI Version 2.0 is being undertaken in
addition to customization, major changes should not be required in the MESOI
computational procedures. A change in the computational procedures for de-
termining the diffusion coefficients can be made by substituting a different
SIGMA subroutine, The SIGMA subroutine used in the test case examples in
Appendix B is the one identified as NRCSIG. A different subroutine may also
be substituted for ALPHA if linear vertical interpolation of the horizontal
winds is not acceptable.

The user may wish to change the initial values assigned to the diffusion
coefficients, At present, sigma y and sigma z are assigned initial values of
1 mand 0.1 m, respectively. This assignment is made in PUFFR. Along the
same line, the user may wish to change the deposition velocity or the washout
coefficients, These parameters are set in subroutine INIT. The deposition
velocity must be in meters per hour, and the washout coefficients must be in
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hours-1, Finally, unless otherwise instructed, MESOI assumes that 1 mass
unit of effluent is released from each source each hour. This default
release rate is set in subroutine RELEAS.

MESOI INITIALIZATION

The interactive initialization of MESOI is a compromise between the con-
flicting goals of minimum model execution time and the flexibility required
to handle likely release scenarios. When the model is customized for other
users or specific applications, the interactive initialization portion of
MESOI should be re-evaluated. If variables, such as the potential release
locations, can be defined prior to model execution, those portions of the
initialization that are used to define the variables can be eliminated. By
elimipating unnecessary interactive initialization, the time required to ob-
tain model output and the chances for incorrect initialization will be de-
creased, It may also be appropriate to add to the interactive initialization
if there are conditions in specific scenarios that are subject to change that
are assumed to constant in the current version of MESOI.

MESOI OUTPUT

Modification of MESDI output is one of the stages of model
customization. As a minimum, this modification should include changes in the
text associated with the inquiries made during the interactive model initi-
alization and with the output displays, graphics product and printed files.
Specific locations where the changes are needed are found through-out the
code,
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Name
ACNST
ACTSTA

ADECAL

RDECA2
ADEROS

ADK

ADPADY

ADGP

ADT

AGE

ATRT
ALMBDA
ALPHAU

ALPHAY

ALPHFL

BNGE

ANGL

ANGZ

ARRFL

ARRIVL
AXPADY

AXPDPL

BOECAL

BOECAZ
EDEFOS

BOIN

BDK

BOPADY

BOQP

Type

Real

Int

Real

Read

Real

Real

Real

Real

Real

Int

Real
Real

Real

Real

fnt

Real

Real

Real

Int

Real
Real

Real

Real

Real

Real

Feal

Real

Real

Rezl

APPENDIX A

MESOI VERSION 2.0 GLOBAL VARIABLES

Where
Defined

INIT

GRIDIN
ROKIN, RELEAS

ROk
MESDI, INIT

RED
MESO1, DIFDEP,

INIT

CLEAN, DIFOEP,
PUFFR

INIT
CLEAN, DIFDEP
PUFFR

MESOL

ROKIN, RELEAS
ALPHA, TNIT

ALPHA, INIT
IRIT

DIRSPD, TERRA
OIRSPD

DIRSPD

ARRIWN

ARRIVN, ARRTIM

MESOL, DIFDER,
INIT

WMESOL, TNIT

ROKIN, RELEAS

RDK
MESQT, INIT

ROK
DK
MESOT, DIFDEP,

INTT

CLEAN, DIFDER,
PUFFR

Where Used
PUFFR

WINO, WHDFLE,
WHDPLT
HESDT

DIFDEP
FHINTE, SCREEN

DIFDEP

PRINTE, SCREEN
TESTH

MESD1, PUFFM,
RDKIN, RELEAS

TESTH

PLMR1Z
ROK
PUFFM

PUFFM

MESCH

TERRA

TERRA

NESOT
EXPSUM
PRINTE, SCREEN

PRINTE, SCREEN

MESOI

DIFDEF
PRINTE, SCREEN

DIFOEP

BIFDEP

PRINTE, SCREEN

TESTH

Haw

Passed Centents

CONST Constants in the Gaussian puff madel

STATM, Call  Number of active wind stations

DECAY Fraction of A remaining after decaying for one advection
period

DECAY Fraction of & remaining at the end of & sampling interva’

MATRIX Surface concentration of A [massfmz) actunylated prior
to current advection perigd-corrected for decay

DECAY Fraction of A remaining at the end of an advection
period gives the current sampling interval

MATRIX Amount Ef & deposited in the current advection period
{mass/mc)

PUFFS Source term for A corrected for depletion

CONST, Call
PUFFS

call
DECAY
CONST, Cali

CONST, Call
CONST

can

Call

Cait

ARRIY
ARRTY
MATRIX

HATIRX
DECAY

DECAY
MATRIX

DECAY
DECAY
MATRIX

FUFFS

A.3

Duration of the advection period in hours
Time since puff release in mirutes

pir temperature (°C) at time puff release
Decay coefficient for A {primary efflvent) (min'l}

Expunent for power-law interpolation of E-W wind
companent

Exponent for power-iaw interpolation of N-$ wind
component

Flag to select power law vertical interpelation of wind
components

Wind direction in DIRSPD converted to transport direction
in TERRA

Transport angle relative to terrain orientation prior te
adjustment

Transport angle of adjusted wind relative to the terrain
orientation

Flag used to indicate existence of check-point file,
Array with check point location and status

Time-integrated eround-level air Eoncenlgatinn of A durim
the current advection pariod [mass -hr/md)

Time-integrated ground-level air concentration of A durine
simulation ty current advection pericd {mass-hr/m?}

Fraction of B remalning after decaving for ope advection
period

Fraction af B remaining at the end of a sampling fnterval

Surface concentration of B (mass!mz) actumulated prior to
current advection period corrected for decay

Fraction of A decaying to B during remainder of advection
perigd given the current sampling interval

Fraction of B remaining at the end af an advection perioo
given the current sampling interval

n«nuntnﬁf B deposited in the current advection period
[mass/m°}

Source term for B corrected for depletion



Name

BINAS

BINSI

BLMBDA
BAPADY

BXPOFL

CHIMIN
CONY

PATA
DOATE

DOAY

UELRY

DHR

DIR
ORCOEF
DMIN

DPFLG

DREC
nsMTR
DSHTRI
oY
DTIME

[H)
Dx5

DYR

D3

EFFLUX
ELEV

EXPCUM

EXPFLG

Type
Real

Real

Real

Rea)

Real

Real
Real

Int

Char

int

Real

Int

Int
Real

Int

Int

int
Real
Real
Int

Char

Real
Real

Int

Real

Real
Int

Keal

[nt

Where
Defined

ROKIN

RDK

RDKIN, RELEAS
MESDD, DIFDEP
THIT

MESOL, IMIT

INIT
DATIM.IHC

DATRD
GTCHAR

DATRD

GRIDIN

DATRD

WIND, WNDFLT
RDKIN
DATRD

RELEAS

DATRD
MESH
olrpep
OTFDER
OTCHAR

INIT
CLEAN, PUFFM

OATRD

CLEAN, PUFFM

RELEAS
GRIDIN, REARING

DIFDEP, INIT

ARRTVN, ARRTIM

Where Used

MESO[
OIFDER

ROK
PRINTE, SCREEN

PHINTE, SCREEN

DIFDEP

WIND

GATHR, WIND

PLOTI, WHDFLD,
WHDPLT

MESQT, DATHR,

DTCHAR, PLOTZ,
PRINTE, RELEAS
SCREEW, SHIFT,
WIND, WNDFLD,

WHDPLT

~E50L, ARRIWN,
DIFDEP, IWIT.
RELEAS, TESTM,
TORFIL

MESTH , DATHR,
DTCHAR, PLOTZ,

PRINTE, SCREEN,

SHIFT, WIND,
WNDFLD, WNDPLT

WNDFLD

RDK, RELEAS
MESQT, DATWR,
DTEHAR, PLOTZ,
PRINTE, WIND,
WNDFLD, WHDPLT

DIFDEP, MODEWD
PRINTE, PUFFR

DIFDEP
SIGMA
R0K

PLOTZ, WNOFLD
WROPLT

DIFDEP

MESDI, DIFDEP
DIGRD, TESTH

DATHR, DTCIMR,
PLOTZ, SCREEM,
WNDFLD, WNOPLT

MES(01, DIFDEP,
DTOPD, TESTM

WNOFLD, WWOPLT

ARRTIM, EXPSUM
PRINTE, SCREEN

EXPSLUM

How
Passed
DECAY
DECAY

DECAY
MATRIX

MATRIX

CONST
DATIM

DATIH
€aln

DATIM, Call

TORST, Gl

DATIM, Call

WINDS
DECAY
DATIM, Catl

REL, Call

DATIM
Call
ahl
tall
Call

CORST
PUFFS, Call

DATIN, Call

PUFFS, Call

REL
STATH
MATRIX

ARRLY

A.4

fontents

Fraction of A decaying to B during an advection period
correcled for B decay

Fracticn of A& decaying to B during a sampling interval
corrected for B decay.
Pecay coefficient for B (daughter] (min'l}

Time-irtegrated ground-level air cnncentragion of B
during current advection peried (mass-hrim 1

Tire-integeated ground-level air_concen;ration of @ for
simulation to the current advection period

Minimum puff concentration of interest {mass/m3)

Conversien factor for wind speed to give transport ta
mn/s

Input sarface wind data array

Date chiracter string - model time

Day of mnth of input meteorlogical data

tric maide spacing {m) [wind grid)

Hour of the day for input meterciogical data

Wind direction (direction from which wind comes)
ALMEDS/ (LLMBEDA-ALMBDA)

Minutes ¢f the hour associated with the input
meteorological data

Flag used to indfcate depositing effluent

Sequential record for meteorolooical data - not used
Distance naved by a puff in an advection peripd {m)
Distance roved by 2 puff in a sampling interval (m)
Sampling “nterval fn minutes

Time character string [model time)

Pepositior velocity (m/hr)

East-west distance moved by puff tn an advection perioa
{wind grid units)

Year of the input matearnlenical data

Worth-soutn distance moved by a puff in an advection
period {wind grid units)

Stack flow rate {m3fs]
Elevation ¢ wind stations in meters above sea-level

Time-integrated ground-level air concentration assuming
no decay or deposition

Flag to incicate time-integrated, ground-level afr con-
centration threshold has been exceeded at a checkpoint



lame

t 30

FiLf1

FLAY
oy
L
yTFLG

WSIM
*e

LLREPTH

LERRIR

LUTHDX

(WA

M
MAXPUT
MF

NAMST
NCP
NPH
NPUFF5
W5

N5B

N5l
HSOURC

NUMSTA

NXTDAY

PARTHR
PLMRFL
PRECIP
PREVOY

Type
Real

Char
Int

Int
Int
Int

Int

Int
Int

Int

Int
tnt
Int

int
Int

int

Char
iat
Int
[nt
Int

Int

Int

Int
Int
int

Int
Int
Int

Int

Where
Befined

INIT, RELEAS
ARRIVN, GRIDIN
TOPFIL

MESGT

THIT
REIEAS
IN1T, RELEAS

Ha

MESDI
INIT, RELEAS

MESDI, DRTRD
mrT

LOCATE
MESQT, (T

PHITSOING

MESQI
RELEAS

CLEAN, DIFDEP,
INIT, PURFR

GRIDIM, REARNG
ARRIVN

THIT, RELEAS
IRIT, PUFFR
MESCI

ASCND, STRAY

DIFDEP
RELEAS

GRIDIN
HESDI, DATRD

RELEAS
INIT, RELEAS
DATRD
SHIFT

Where Used

PUFFH

DATRD, PRINTE,
TESTM

JULTAR
JULTAN
JUL AN

MESDY, LOCATE,
PLEFM, WINSPD

PRINTE, SCREEM
JULTAN, LCCATE
MESOT, SIGMA,
DATHR, GIFDEP,
PLER1Z, PUFFM,

PUFFR, WMCFLD,
WETPLT

INIT
OATRD, LOCATE

See Table B

OIFDER, PUFFM
MESDT

MESDI, PLOTE

WHDFLD, WNDPLT

MESOI
MESOT
PUFFR, WNOSPD

ROK

MESDI, PLOTZ,
SCREEN

ASCND, STRAY
WIND

MESOT
MESO!
DATWR, DIFDEP
MESQT, ARRTIM

How
Passed

CONST
an

Call

{al
Call
Call
COMST, Cald

an
Call

DATIN, Call

Call
cah

UKITS, Call

Cali
REL
PUFFS

CHAR, Call
ARRIY
CONST

REL

Call

tall

Call
REL

an
DATIM

REL

BATIM
DATIH

A.S

Contents

Cenversion factor to convert m/s to grid unfts/advection
pariod

Name of file with meteorological observation (wind)
station infarmation

Number af the advection period within the haur

Input day of the month for conversion to Julian date
Input day of the month for conversion to Julian date
Input month of year for conversion to Julian date

Flag to indicate time peripd associated with meteorpiogical
data (0 =1 hr, 1= 15 min}

Kumber of active puffs
Input year for use in conversion to Julian date

Mizing layer thickness [m)

Flag associated with the results of searches of the
meteorolugical data files

Legical unit associated with the meteorological data files
(3 = observed data, 4 = farecast data)

Logical unit assignments

Puff number
Mumber of puffs to be released from a source

Flag to indivate the status of a puff, 1 = active

Name of the wind observation stations

Number of active checkpatnts

Number of puffs released per hour

Humbér of puffs released from a given source
Number associated with specific source points

Identifying number for wind station in meteorological
data file

Number of sampling intervals in an advection period
Number of sources (4 maximum)

Mumber of active meteorclogical {wind] stations

Day assaciated with meteorological data for the obser-
vations that follow the current advection perigd
Fraction of hour passing before initial puff release
Flag that erables plume rise computation

Indicator of precipitation type and rate

Day associated with meteoralogical observations that
precede the current puff advection pericd



Namg

PREYHR

PRISE
PUFLG
OH

qp
O50URC
RADP
RCH

ROATE

RIOKFL
RELLAY
RELHR
RT

RTIME

5
SHR

SIGMAY

SIGMAZ

5P
SED
SPEED
STAB

STATUS

ATHAY

STOIST

STEMPC
STHR

STHUM
1

TEMPA

TEMPB

THR5H]

THRSHZ

int

Real
Int

Real
Real
Real
Real

Reai

Char

Int
Int
int

Real

Char

Real

Int

Real

Real

Int
Int
Reat

Int

Int

int

Real

Real

Int

Int

Int

Int

Int

Real

Real

Wheera
Defined

SHIFT

MES0I, PLMRIZ
MESOI, INIT
RELEAS

CLEAKR, PUFFR
RELEAS

CLEAN, DIFDEP

MESCH

DIFDEP, RELEAS
JULTAN

RELEAS

ASCND, STRAY

MESEY

DIRSPD
MESOI

5I6MR, CLEAM
PUFFR

SICHA, CLEAN
Puree

CLEAN, PUFFR
PLMRIZ, WIND
[IRSPD, WINSPD

DATRD
GRIDIN
JULLAN
STRAY

RELEAS
INIT

STRAY
SHIFT

DATRD
DATRD

ARRIYN

ARRIVH

Where Used
MESCI, ARRTIM

PUFFR

FLHRTT
OIFDEF, TESTM
FUFFR

PLOTZ

HIND

INIT. PRINTE
SCRIEN

FUFFR
MESOL, RELEAS
MESOL

INIT, PRENTE,
SCREEN

TERRA

DATRD, PRINTE
SCREEN, TESTH

DIFDEP, TESTM

DIFDER, TELTH

TESTH

WHNOFLD, WHOPLT
TERRA, WXOFLD
SIGMA, BATWR
PLMRIZ, WHDFLD
WNDPLT

REARNG, WHD

THIT, RELEAS
LOCATE

WIHD

MESGL, PLMRIZ
LOCATE

WIKD
MESOI

DATHR

MESOI, DATWR,
INIT

ARRTIM, EXPSUM

ARRTIM, EXPSUM

How
Passed
DATIN

Lall

REL
PUFFS
CONST

CH&R, Call

DECAY
REL, Call
REL

call

CHAR, Call

tall
call

PUFFS, Call

PUFFS, Call

PUFFS, Call
Wik, Cail
€all

DATIM, Call

STATN
Call
WIKDS

REL
Call

WINDS
PATIM

DATIM
PATIN

ARRLY

ARRIY

A.6

Heur associated with metecrclogical nhservations that
precede lurrent puff advection neried

Estimate] plyme rise atove release height §m)

Flag tha: enabtes puff release

Stack flow rate (mjfs]

Undepleted source term multsplied by ACHST

Undepleted mass in each puff

Radius af puff used far paff clotting

Maximum cistance [grid units) between grid paint and
Tocation of wind observation to te used to interpolate
wind at frid point

Real date that a MESOT simulation is made

Flag to indicate that tve primary effluent decays
Day that a release starts
Hour that a release starts

Radiat distance {wind qrid units} between a grid point
and a wird gbservation station

Real-time-of-day that a PIS0] simulaticn {5 made

Wind speed [mfs)

Simulatien hour {hour within the period of the simulaticr

Herizontal diffusion ceefficient (m}

Vertical riffysion coefficient {m)

Source astociated with each puff
Surface liyer wind speed
Wind speec {m/s}

Stability class {1 thrcugh 7)

Status of a wind gbservation station (0 = active)

Julian date af year

Radial distance [wind gride umits) between grid point amn
wind ebservation stations

Temperature of stack effluent in °C

Hour of metearnlogical data associated with the starting
time of KESDI simulatian

Identifyirg nurher for wind observation stations

surface temperature for metecrolonical observation
period preceding current advection period {°C)

Surface tetperature [°C}

Air temperature (*C)

Lower time-integrated ground-lavel air concentration
threshold for determnining status at checkpoint

Higher time-integrated ground-level air concentratign
threshold for determining status at chockpoint



Hame

TINC

TITLE

TOPFLG

TOPO
TPMF

TPMI

TPUFF

17

TWOPI

UG

LIPWT NG
uu

HuG

U1

uz

VG

¥y

Y6

¥l

Ve

W
AP

YSRE

X5TA

Type

Real

Char

Int

Int

Real

Real

Int

Int

Real

feal

Real

Int

feal

Real

Real

Real

Real

Real

Real

Real

Real

Real

Real

Real

Rea}

Real

Klicre
Defined
MESQT

INIT

TOPFIL

TOPFIL
DTOPD

DROPG
CLEAM, INIT,
PUFFR
MESDI, INIT
INY
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OATRD
TERRA, WiND

WTAD

TERRA
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TERRA, WIND
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PUFFR

RELEAS
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Where Used Fassed Contonts o e

PUFFM, WINSPD call Time past the hour associated with current advecticn
perind (fractiom of an haur)

MESOD, EXTSUM, CHAR, Call Oescriptive title for MESOI simulation

PLMR[Z, SCREEN,

TERRA, WIND

MESOT TOPOGR Flay to indicate availability of topographic data for
diffusion computations

DIFDEP, DTOPD TOPOGR Grid point locations in meters above sea level

MESGI, DiFDER Call Elevation of terrain bencath the zenter of a puff at
the end of an advection pering

DIFDEP Call Elevation of terrain bencatn the center of a puff at
the beginning of an advection period

MESOL, PLOTZ, PUFFS Number of puffs currently beiry tracked

TESTM

SHIFT OATIM Surfare air temporature for metecrelogical data period
following current advection period

DTFDEP CORST 2%t n o= 6.283185

PUFFM, WIRSFD WINDS East-west component of surface transport vecotr for
Teteuro1ogical data preceding cturrent advection period
mis)

PUFEM WINOS East-west component af upper Yevel transpart vector for
metearplogical data preceding current advection period
[mis}

[ATWR, WIND DATIM Upper level wind

PUFFM, SHIFT,
WINSPD, WNDFLD

PUFFH, SHIFT

DIRSFO

DiRSPD

PUFFM, WIN5PD

PUFFN

PUFFit, SHIFT
WINSPD, WHOFLD

PUFFM, SHIFT

OIRSPD

DIRSPD

OIFDEP

MESTH, DTOPO,
PLOTZ. PUFFM,
TESTM

PLOTZ, PUFFR,
SCREEN, WIRSFD

STRAY, WHOFLT

WIHGS, Call
WTNGS

call
calb?
RINDS
WINDS

WINDS, Call
WINDS

Call
Cali

COKST

PUFFS, Call

WEAL

S5TATN
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East-west compunent of surface fransport yoctor for
meteorological data foilowing the current advection
peripd (m/s)

East-west component of uiper level transport vector for
meteorplofgical data foliowing the current advection
period {m/s})

{ampenent of transport vector parallel to terrain feature
pripr to adjustment {m/s)

Campanent of transport vector parallel to tervain featur.
after adjustment (mfs)

Morth-soutn camponeat of surface transport vecter for
meteorological data preceding  the current advection
period (mfs}

Horth-south component of wpner Tevel transpart vectar for
reteoroleoical data preceding  the curren® advection
period (mis]

Morth-south camponent of surface tronsport vector for
meteorological data following the current advection
period (m/s)

North-seutn component of upper leve] transport vector for
meteorological data following the current advection
period [m/s)

Component of transport vector perpendicular to terrain
feature prior to adjustrent

Component of transpart vector perpendicular to terrain
feature following adjustment

Hashout ¢oefficients [hr'l]

East-west position of center of puff [qrid)

East-wast grid coordinates of sources (wind grig}

East-west grid coordinate of wing stations [wind gria)
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CLEAN, DIFDEP
PUFFR
RELEAS
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RELEAS

Where Used
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PLOTZ, PUFFH,
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PLOTT, PUTFR,
SCREEN, WEWSPD
STRAY, WKDPLT

DIFDER, PUFFM
TESTH

PLMRIZ, PUFFR

Haw
Passed

PUFF5, €311

REAL

STATN

PUFFS

REAL
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North-south position of center of a puff (wind grid)

North-sgutn grid ceordinates of sources [wind grid]

North-soutn grid coordinates of wind stations [wind gryd’

Effective -elease heinht of puff {m gal}

Actual relzase height of puff {m agl)
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MODEL COMPARISON DATA

The tables in this appendix contain data abstracted from ten MESOI Version
2.0 test cases. The first four cases were used to demonstrate that the puff
movement is correct, the next five cases were used to evaluate the diffusion
and depletion portion of the model, and the last case provides model output
for real meteorological data input. In all cases, MESOI was run using the NRCSIG
subroutine to obtain diffusion coefficient estimates. The abstracted data
provide a basis for evaluating model performance following installation on other
computer systems. To obtain data for comparison for the first nine cases, it
will be necessary to run MESOI in the test mode. This is done by using an
asterisk (*) as the first character of the run title.

The comparison data for the transport test cases are contained in Table B-1.
For the first three cases, a single puff is released at ground-level at wind
grid position 3,8 {fine grid position 7,17). Flat terrain is assumed. The
meteorological conditions are B stability and a 1000 m mixing layer thickness.
The Tower and upper Tevel winds are identical and are varied, in time, as
indicated in the table. In these cases, the puffs move across the grid, out and
back and in a square pattern around the grid, respectively. In Case 4, puffs
are released simultaneously at three levels over wind grid location 3,12 (fine
grid position 7,25). The release levels are 10, 110 and 210 m. The mixing layer
thickness is 210 m. Therefore, the release elevations correspond to the top of
the surface layer, the middle of the mixing layer, and the top of the mixing
layer respectively. The surface layer wind is from the north at 4 m/s, and the
top layer wind is from the west at 4 m/s. Thus, the bottom and top puffs move
with the input winds, and the middie puff moves along a diagonal.

Table B-2 and B-3 contain the abstracted comparison data for the diffusion
and depletion test cases. In each case, the wind field is spatially uniform
with a wind from the west at 3 m/s and D atmospheric stability is assumed.

The variables ADQP and BDQP in Table B-2 are directly related to the mass
of the parent and daughter species remaining in a puff. The value of the
corresponding varizble for a non-depositing, non-decaying puff is a constant
5.29-4 (5.29 x 10-%). Cases 5 through 7 are surface releases of four puffs
each at wind grid position 3,8. The mixing layer thickness is assumed to be
1000 m. For Case 5, the released material is subjected to dry deposition.
Case 6 adds precipitation (Class 2 -- moderate rain), and Case 7 adds radioactive
decay. In Case 7 the half-1ife of the parent is 3600 s, and that of the daughter
is 10,800 s. Cases 8 and 9 are elevated releases at 100 m with a 300 m mixing
layer thickness. Case 8 involves only dry deposition, while Case 9 involves beth
dry deposition and decay. The half-lives for Case 9 are the same as for Case
5.

Table B-3 contains portions of the time integrated, ground-level air con-
centration and surface concentration matrices for Case 9. The grid positions
indicated are for the fine grid, i.e. 2.5 km spacing. The teft hand :column in
the table is at the end of the first hour, and the right is at the end of the
third hour.

B.3



Case 10 provides comparison data for MESOI run the real meteorological
data. The case simluates an hour release (4 puffs) from an elevation of 50 m
at wind grid location 7.5, 11.5 (fine grid position 16,24}. The released
material is assumed to deposit, but not decay. Table B-4 gives the meteoro-
Togical conditions for the period of release, and Table B-5 gives the MESOI
time-integrated output for the end of the sixth hour. Note that the wind speeds
are given in miles per hour.

Case 10 was run with modification of the wind field to account for the

effects of terrain at Hanford. Considering the general wind direction, the
effects of the wind field adjustment should only affect the output minimally.
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Table B-1. Transport Comparison Data

CASE 1 CASE 2 CASE 3
Time X-point ¥X-point x-point y-point
{min) Wind {grid) Wind  (grid) Wind  {grid) {grid)
0 270/2 3.00 270/2 3.00 270/2 3.00 8.00
15 3.36 3.36 3.36 8.00
30 3.72 3.72 3.72 8.00
60 4.44 4.44 4.44 8.00
120 5.88 5.88 270/2 5.88 8.00
135 6.24 6.24 360/2 6.06 7.82
150 6.60 6.60 6.06 7.46
180 7.32 270/2 7.32 6.06 6.74
195 7.86 090/2 7.32 6.06 6.38
240 8.76 6.24 360/2 6.06 5.30
255 9.12 5.88 090/2 5.88 5.12
270 9.48 5.52 5.52 5.12
300 10.20 4.80 4.80 5.12
360 270/2 11.64 090/2 3.36 090/2 3.36 5.12

CASE 4

Time z=10m z=110m z2=210m
(min} X-posit y-posit X-posit y-posit X-posit y-posit
0 3.00 12.00 3.00 12.00 3.00 12.00
15 3.00 11.28 3.36 11.64 3.72 12.00
30 3.00 10.56 3.72 11.28 4.44 12.00
60 3.00 9.12 4.44 10.56 5.88 12.00
120 3.00 6.24 5.88 9.12 8.76 12.00
180 3.00 3.36 7.32 7.68 11.64 12.00
240 3.00 0.48 8.76 6.24 14.52 12.00
300 3.00 -2.40* 10.20 4.80 17.40* 12,00
360 3.00 -5.28% 11.64 3.36 20.28% 12.00

*off the grid
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TABLE B-2. Diffusion and Depletion Comparison Data

CASE & ' CASE & CASE 7 CASE B TASE 9
Time Dist. Sigua y  Sigma z

{min) n) {m} {m) AbgP ADOP ADGP augr Sigma 2 ADOP AN ame
i5 2700 162.9 61.3 4.08-4 2.33-4 1.96-4  3.59-5 61.3 5.23-8  4.40-4 B.0A-5
30 5400 336.3 93.3 3.72-4 1.21-4 8.57-5 3.34-1 23,3 §.03.4  3.55.4 1.'32-4
15 8100 485.3 118.0 3.48-4 5.33-5 3,76-5 2.38-4%  118.0 4.8l-4  2.86-4 1.78-4
60 10800 §30.D 138.9 3.29-4 3.26-5 1.63-5 1.44-% 1339 4.62-4  2.31.4 2.03-4
30 16200 306.2 174.3 3.00-4 8.84-6 3.13-6 4.69-¢  174.3 4.28-4  1.5]-4 2.27-4
120 21600 1169.0 204.3 2.79-4 2.43-6 6.08-7 1.39-¢  204.3 4.00-4  1.00-4 2.28-4
180 32800 1679.5 254.8 2.46-4 1.29-7 1.61-8 7.26-F  240.0 3.53-4  4.41.5 1.99-4
240 43200 21795 297.7 2.22-4 4.77-9 2.98-10 2.39-€  240.0 3.42-4  1.9%-5 1.57-4
300 54000 2661.3 335.6 2.03-4 1.79-10  5.5§-12 7.61-11 240.0 2.77-4  £.64-6 1.18-4
350 54800  3128.1 70,0 1.87-8 6.76-12  1,06-13 2,38.12 240.0 2.45-4  3.B3-5 8.61-5
TABLE B-3. Time-Integrated Comparison Data for Case 9

3. Undepieted Alr (EX°CET)

! flapsed Tire = 1 hr Elupsed Tima = 3 hr
& 9 10 1 12 10 1 1 13 14 15

19 4.92.15

18 1.08-14 3.70-16 4.96-14  6.06-13  2.42-17  5.85-12  9.41-12

17 6.71-10  3.94-10 1.89-10 6,97-11 9.75-13 3.80-10  2.R4-10 2.19-10  1.77-10 1.47-10  1,26-10

16 1.08-14 3.70-16 4.96-14  6.06-13  2.42-12  5.55-12  9.41-12

15 4.92-15

b. Parent Alr (AXPOPL)

19 1.04-15

18 5,23-15 1.73-16 2.37-14  2.4(-13  7.92-11  1.50-12  2.1-12

17 5,73-10 2.78-10  1.,12-10  3.48-11 4.57-13 2.25-10  1.42-10 8.95-11  5.95-11  4.0%-11 2.90,11

16 5.23-15 1.73-16 2.37.14  2.4C.13  7.92-13  1.50-12  2.11-12

15 1.04-15

c. Daughter Afr [BXPDPL)

1% 2.13-15

18 3.93-15 1.3?-16 1.82-14  2,42-13  1.01-12 2.39-12 4.08-12

17 9.04-11 9.48-11  5.81-11 2.48-11 3.61-13 1.17-10  1.0§-18  B.85-11 7.93-11 6.43-11  5.48-1]

16 3.93-15 1,37-14 1.82-14  2.42-13  1.01-12 2,39-12 ;Aua-Lz

.13-15

d. Parent Surface (ADEPQS)

19 2.25-14

18 1.72-13 5.89-15 2.62-13  3.09-12  1.19-11 2.65-11 4.35-11

17 1.58-8  8.15-9 3,459 1.12-12 1.55-11 2.09-9  1.51-8  1.12-9  B.75-10 7.06-10 5.86-10

16 1.73-13 5.89-15 2.62-13  3.09-12  1.19-11 2.65-1t  4.35-11

15 2.25-14

e. Dauyghter Surface (BEDPQS)

19 7.80-14

18 1.53-13 5.1%-1% 9.06-13  1.07-11 2,130 9.16-11  1.51-10

17 7.49-9  4.52-9 2.56-9  9.98-10 1.37-11 7.25-9  5.24-9  3.89-¢  3.03-9  2.45-9  7.03-9

16 1.53-13 5.19-15 9.06-13  1.62-11 4.{3-11  9.16-11 1.51-10

15 7.80-14
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TABLE B-4. Meteorological Data for Model Comparison Case 10

HOUR
L 2 3 4 5 6. L
Stability Class 5 6 6 7 7 6 4
Mixing Layer (m) 1500 120 120 120 120 300 460
Upper Wind* 350/15 350/15 350/15 350/15 350/15 350/15 350/15
Surface Winds*
x{grid) y(grid)
8.79  5.05 340/14 350/16 180/3 240/3 010/2  010/2  340/7
6.86  5.13 330/16 310/12 310/5 300/7 320/11 030/12 330/14
6.75  7.27 300/10 290/7 300/7 280/4 300/6  280/5  300/8
4.44  7.73 270/5  240/9 240/9 240/8 240/6  230/4  310/4
9.14  9.37 320/11  020/11 260/2 330/2 330/6  330/6  320/5
7.22  8.75 320/12  290/10 280/9 290/7 290/9  300/11 320/7
5.53  8.49 310/8  290/6 290/5 290/3 250/2  280/3  320/8
2.52 12.88 290/8  260/6 280/6 290/3 290/6  310/4  250/3
9.70  6.04 320/16  340/7 050/4 310/5 310/3  350/3  330/5
4.10  9.34 290/5  280/8 270/7 290/6 310/11 310/13  320/13
10.70  4.37 220/5  170/3 280/5 240/6 240/6  200/3  160/3
9.14  7.05 300/16 300/8 240/3 280/9 290/9  290/5  300/9
6.66 11.39 280/8  290/6 190/4 230/6 260/3  260/2  220/3
9.89  6.75 310/10 340/4 050/3 320/3 280/1  360/1  320/3
11.47  5.53 330/10 010/5 340/8 360/5 030/6  360/7  340/5
8.10 9.71 320/16  340/15 010/11 060/11 010/11 360/13 020/10
11.56  8.36 310/12 010/6 020/3 040/3 050/5  060/5  130/1
10.43  2.98 320/9  130/4 240/4 280/4 290/3  290/4  090/2
10.68 10.86 300/6  350/6 ©050/6 030/3 030/4  010/4  330/5
5.98  5.19 360/18 360/13 010/13 010/17 030/15 030/18 020/20
6.03  8.95 320/10 270/8 290/7 320/7 320/9  330/11 330/12
13.26  2.05 330/4  310/6  310/7

*speed in mph
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TABLE B-5. Time-Integrated Comparison Data for Case 10

a\  Undepleted Air {EXPCLM)

17 18 18 20 21 22 23 24 25 6
23 1.72-10
22 2,92-10  3.32-11
2] 2.25-10 7.01-i2 1.43-16
20 3.35-11 8.91-11  3,75-]1
19 4.67-17  2.48-10  E.M-11  5.71-15
12 9.40-10  4.65-10  2.59-11
17 5.88-16  3.16-10  2.86-10  5.9811  &.10-16
16 5.01-13  5.65-10  3.20-10  7.92-17
15 4.38-11  3.87-10  2.73-10  8.73-14
14 6.65-13 1.82-10  2.46-10  1.14-11
13 6.25-13  1.41-10  7.53-11  2.86-15
12 $.60-16  2.49-11 1.83-10 1.75-13
il 2.46-12  2,59-10  4.39.52
10 1.32-13  1,58-10  7.61-11  1.27-13
& 2.16-15  2.23-11  3.03-10  3.48-11  1.0]-13
8 8.56-13  1.01-10  2.3B-10  1.85-11
7 5.73-15  4.18-12  1.15-10  1.55.1q
6 1.34-14  6.74-12  1.04-10
5 6.97-14  1.18-11
4 3.31-16 5.00-13
3 1.38-15
2
1
lindepleted Time-Integrated Concentration
b. Depleted Atr [AXPDPL)
17 12 19 20 21 22 23 24 25 26
23 1.69-10
22 2.79-10  3.12-11
21 2.06-10  3.63-12  1,27-16
20 2.95.11  8.58-11  3.22-11
19 1.94-17  2.09-10  5.5R-11  4.64.15
13 7.35-12  3.23-10 1.63-11
17 4.25-16  2.18-10  1.86-10  2.B8-1!  3.96.15
16 3.30-13 3.42-10  1.64-10  3.44-12
15 2.38-11  1.99-10  1.12-10  3.45-14
14 3.24-13  7.79-11  9.39-11  4.728-12
13 2.37-13  5.02-11  2.68-11  9.83-16
12 1.26-16  8.39-12  6.15-11  5.73-14
11 8.01-13  B.42-11  1.38-12
10 4.08-14  4.90-11  2.32-11  3.56-14
9 6.10-16  6.52-12  B8.74-11  9.€2.12  2.13-14
8 2.34-13  2.74-11  B.25-1]  4.94-12
? 1.52-1%  1.07-42  2.87-11 3.76-11
6 3.28-15 14812 2.43-1y
H 1.59-14  2.65-12
4 7.62-17 1.80-13
k1 1.54-15
2
1
Time-Integrated Corcentration Depleted Puffs
€. Surface (ADEPOS)
17 18 19 20 21 22 23 24 25 26
23 6.09-9
22 |.00-8 1.12-9
21 7.42-9 2.29-10 4.57-15
20 1.06-9 3.09-0 1.16-9
19 1.42-15  7.24-9 2.00-9 1.67-13
12 2.64-10 1.16-8 5.88-10
17 1.53-14  7.85-9 6.68-9 1.04-9 1.33-12
16 1.19-11  1,23-8 5.89-9 1.24-1¢
15 8,57-10  7.18-5 4,02-9 1.24-17
12 1V I7-11 2.80-9 1.318-9 1.54-13
11 8.54-12 1.81-9 9.65-1) 1,54.14
2 1.17-14  3.02-10 2.21-9 2.06-12
i 2.68-11  3.03-9 4.98-11
10 1.47-12  1.77-9 8.33-10  1.28-12
7 2.20-14  2,35-10  3.15-9 3.46-10 9.R)-t
8 B.44-12  9.A5-10  2,25-9 1.78-1
7 5.48-1¢  3.87-11  1.03-9 1.25-9
5 1.18-13  5,35-11  &.76-10
5 5.72-13  9.54.14
4 6,62-15  3.88-12
k| 5.56-14
2
1
Deposition
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