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The Boorum & Pease™ Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages

are thread sewn, meaning they're bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing

surface and erasability. If, at any time during normal use, this product does not perform to your
expectations, we will replace it free of charge. Simply write to us:

Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530

Attn: Marketing Services

One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease™ Columnar, Journal, and Record books. Custom-

designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.

Made in U.S.A.
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program CLIDE
CLinoptilolite Integrated Dissolution rate Equation
revised: (1) original create, June 1993, by:

Christopher J. Goulet and W. M. Murphy
Southwest Research Institute

Center for Nuclear Waste Regulatory Analyses
PO Drawer 28510

San Antonio, TX 78228 USA

Comments: This is the inteérated dissolution rate equation solver for the
CDVSE experiments. The program will solve for Xi, the reaction
progress, and total moles of Si released in the dissolution
reaction. A Runge-Kutta numerical integrator with an adaptive
stepsize mechanism has been incorporated.

implicit none

INTEGER sigma, counter

REAL*8 exp_time(1:50), h2o_mass(1:50), h2o_ext(1:50), al_conc(1:50),
X_Al02, g_ALO2, X_Na, g_Na, X_Si02, g _8i02, x, ks,
Al_init, Na_init, Si_init, equilk :

inctude “vars.f’

external derivs, rkqc
character ustring*80

INTEGER ii, jj, kk, Si_file, hrsfile, infile,
h2ofile, STDOUT, STDIN, Xi_file,
Na_file, Al_file, outfile, NVAR, templ,
Xi_er, Xi_n, Al, Na, Si, nbad, nok, Al_rel_file,
Na_rel file, Si_rel_file, Al_con_file, Na_con_file,
SI_con_file, num_int, al_act_file, na_act_file,
si_act_file, DYDT_file

PARAMETER (Si_file=16, infile=14, h2ofile=15, STDOUT=6, STDIN=5,
hrsfile=17, Na_file = 18, Al_file = 19,
outfile=20, NVAR=5, Xi_er=1, Xi_n=2, Al=3, Na=4, 8$i=5,
Xi_file=21, Al_rel_file=22, Na_rel_file=23,
Si_rel_file=24, Al_con_file=25, Na_con_file=26,
Si_con_file=27, al_act_file=28, na_act_file=30,
si_act_file=31, DYDT_file=29 )

REAL*8 con_Al_init, con_Na_init, con_Si_init,
Y(NVAR), DYDT(NVAR), H1, HMIN, eps, HMAX, wh2o,
con_Al, con_Na, con_Si, TIME, d_print, a_Al02,a_Na,a_Si02, temp

REAL*16 Q

OPEN(na_file, file="na.rem’, status=‘old")
OPEN(infile, file="const.in’, status="old")
OPEN(h2ofi le, file="water.ary’ ,status="old")
OPEN(hrsfile, file="hours.out’ ,status="old")
OPEN(si_file, file=’si.rem’, status="old")
OPEN(al_file, file="al.rem’, status="old")
OPEN(outfile, file="clide.out’, status="0old")
OPEN(Xi_file, file="Xi.out", status="old")

OPEN(Al_rel _file, file="al.rel”, status="old")




OPEN(Na_rel_file, file="na.rel’, status="old’)
OPEN(Si_rel_file, file="si.rel’, status="old’)
OPEN(ALl_con_file, file="al.con’, status="old’)
OPEN(Na_con_file, file="Na.con’, status="old’)
OPEN(Si_con_file, file="si.con’, status="old")
OPEN(Al_act_file, file="al.act’, status="old’)
OPEN(Na_act_file, file="Na.act’, status="old’)
OPEN(Si_act_file, file="si.act’, status="old’)
OPEN(DYDT_file, file="dydt.out’, status="old’)

c
[+

30

O 0 0 0 0o 0 0 0 0 0 0 0 0

50

0O 0 0 0

enter input data file 1 (constants)

read (infile, ’(a80)’) ustring
if (ustring(1:1).EQ.’#’) goto 30

read (ustring, *) ks, g_S$i02, X_Si02, g_Alo02,
X_Al02, g_Na, X_Na, equilk, x, sigma,
con_Al_init, con_Na_init, con_Si_init

write (STDOUT, *) "Equilibrium K = *, equilk
write(STDOUT, *) °“THE INPUT FILE OF CONSTANTS HAS BEEN READ.’

ks = rate constant times surface area

g_8i02 = activity coefficient for $i02

X_8i02 = fraction of total Si as §i02

g_Al02 = activity coefficient for ALO2-

X_Al02 = fraction of total aluminum as Al02-

equi lk = equilibrium constant for analcime dissolution

x = correction for variance from ideal stoichiometry for analcime
sigma => 1/sigma is the exponent of (@/K) in the dissolution rate eqn.
con_Al_init = initial concentration of Al

con_Na_init = initial concentration of Na

con_Si_init = initial concentration of Si

enter input data file 2 (experimental array)

counter = 0
templ = 1

do while (templ1.GE. 0)
read(h2ofile, *(a80)’) ustring
if (ustring(1:1).EQ.’#") goto 50
read(ustring, *) templ, exp_time(counter+1), h2o_mass(counter + 1),
h2o_ext(counter + 1), al_conc(counter + 1)
IF (temp1.GT.0) THEN
counter = temp1
ENDIF
enddo

write(STDOUT, *) "THE EXPERIMENTAL INPUT FILE HAS BEEN READ.’
counter = size of the arrays exp_time, h20_mass, and h2o_ext
exp_time = experimental sampling time array
h2o_mass = water mass array

h20_ext = cumulative mass of water extracted array

change time from hours to seconds to match units of integrated eqn.
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do ii = 1,counter

exp_time(ii) = exp_time(i1)*3600.0

enddo

DO jj=1,NVAR
Y(jj) = 0.0
DYDT(jj) = 0.0

ENDDO

Q=0.0

Al_init
Na_init

h2o_mass(1) * con_Al_init
h2o_mass(1) * con_Na_init

Si_init = h2o_mass(1) * con_Si_init

¢ AL_init = initial number of moles of Al

¢ Na_init = initial number of moles of Na
¢ SI_init = initial number of moles of Si

¢ d_print must be in seconds

0O 0 0O 0O 0 0

TIME
H1 =
HMIN

HMAX
wh2o

a_Al02 = al_init/h2o_mass(1)*g_Al02

write(Na_file, *)
write(Si_file, *)
write(Al_file, *)
write(Al_rel_file,
write(Na_rel_file,
write(Si_rel_file,
write(hrsfile, *)
write(Xi_file, *)
write(Al_con_file,
write(Na_con_file,
write(Si_con_file,
write(Al_act_file,
write(Si_act_file,
write(Na_act_file,

*)
*)

*)
*)
*)
*)
*)
*)

"OUTPUT:
"OUTPUT:
“OUTPUT:
"OUTPUT:
"OUTPUT:
"OUTPUT:
"OUTPUT:
"OUTPUT:
"OUTPUT:
“OUTPUT:
“OUTPUT:
“OUTPUT:
"OUTPUT:
“OUTPUT:

Cumulative Moles

of Sodium Removed’

cumulative Moles of Silicon Removed’

Cumulative Moles
Cumulative Moles
Cumulative Moles
Cumulative Moles
Time in Hours’
Xi’

[Al] (molality)”
[Na] (molality)”
[Si]1 (molality)’
Activity of AlO2-
Activity of $i02°
Activity of Na+’

of Aluminum Removed’
of Aluminum Released’

of Sodium Released’

of Silicon Released’

,

write(DYDT_file, *) “OUTPUT: DYDT (mo les/second)’

d_print = 10.0 * 3600.0

TIME = 0.0

H1 = (1.0 * 3600.0)/10.0

HMIN = 0.0

eps = 1.0e-6
HMAX
wh2o
temp

1

0.0

= calculated time, advanced by tiny atepsize taken during each iteration

(1.0 * 3600.0)/10.0
h2o_mass(1)

guessed first stepsize

= minimum allowed stepsize
eps = epsilon, the desired accuracy of the integration to be performed

= maximum stepsize allowed

= mass of water at any time t, corrected for evaporation and sampling

num_int = 0

IF (((INT(exp_time(counter)))-(10*INT(((exp_time(counter))/(100.0)))))

.GE. ((50.0)*(3600.0))) THEN
num_int = 5

endif
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num_int = num_int + 10 * INT(((exp_time(counter))/(100.0)/(3600.0)))

num_int = number of 10-hour intervals to be integrated over, depends
on experimental data

write(STDOUT, *) "RUNNING. PLEASE WAIT .

DO kk=1, num_int

CALL ODEINT(Y, NVAR, TIME, TIME+d_print,
eps, h1, hmin, nok, nbad, derivs, rkqc, HMAX,
wh2o, a Al0O2, temp, Q)

The following IF statement will control the writing of output
to files. In this case, "MOD(kk,5)" will print every fifth value, which
corresponds to every fifty hours.

IF (((MOD(kk,5)).EQ.0)) THEN

write(hrsfile, *) (TIME+d_print)/3600.0

write(Al_file, *(F20.8)") Y(AL)

write(Na_file, *(F20.8)") Y(Na)

write(Si_file, "(F20.8)") Y(Si)

write(Xi_file, *(F20.8)") (Y(Xi_er)+Y(Xi_n))

write(Al_rel_file, "(F20.8)") (Al_init + (2.0+x)*(
Y(Xi_er)))

write(Na_rel_file, "(F20.8)") (Na_init + (2.0+x)*(
Y(Xi_er)))

write(Si_rel_file, “(F20.8)") (Si_init + (10.0-x)*(
Y(Xi_er)))

con Al = ((AL_init+(2.0+x)*(Y(Xi_n)+Y(Xi_er))-Y(Al))/wh20)

con_Al = a_Al02/(X_Al0Z*g_Ai02)

con_Na = ((Na_init+(2.0+x)*(Y(Xi_n)+Y(Xi_er))-Y(Na))/wh2o)

con_8Si ((Si_init+(10.0-x)*(Y(Xi_n)+Y(Xi_er))-Y(Si))/wh20)

write(Al_con_file, "(F20.8)") con_Al

write(Na_con_file, *(F20.8)") con_Na

write(Si_con_file, *(F20.8)") con_Si

write(Al_act_file, “(F20.8)") a_AlO2

write(Si_act_file, "(F20.8)’) con_Si*g_$i02*X_§i02

write(Na_act_file, °(F20.8)") con_Na*g_Na*X_Na

write(DYDT_file, "(F20.16)°) temp

write(STDOUT, *) ‘@ = ", Q

ENDIF
TIME = TIME + d_print

ENDDO
end




0O 0 0 0 o
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SUBROUTINE DERIVS(TIME, Y, DYDT, wh2o, a_Al02, temp, Q)

This subroutine will calculate the value of dXi/dt at
each step taken. the subroutine is catled from:

RK4, the "algorithm" subroutine

RKQC, the "stepper" subroutine, and

ODEINT, the "driver" subroutine

implicit none

INTEGER sigma, counter

REAL*8 exp_time(1:50), h2o_mass(1:50), h2o0_ext(1:50), al_conc(1:50),
X_Alo2, g _Alo2, X_Na, g_Na, X_Si02, g_Si02, x, ks,
Al_init, Na_init, Si_init, equilk

include ‘vars.f’

INTEGER Xi, Xi_n, Xi_er, Al, Na, Si, ct, NVAR, STDOUT
PARAMETER (Xi=1, Xi_er=1, Xi_n=2, Al=3, Na=4, S$i=5, NVAR=5, STDOUT=6)

REAL*8 a_Na, a_Al02, a_Si02, wh2o, r_h2o_ex, Al_soln,
Na_soln, Si_soln, Y(NVAR), DYDT(NVAR), TIME,
k, A, B, num, k_er, k_n, temp, Q

REAL*16 con_atl

ct = 2

DO While((exp_time(ct).LT.TIME))
IF (ct.GT.counter) THEN
write(STDOUT, *) "Time has gone past experimental boundaries.’
write(STDOUT, *) "Code halted in subroutine DERIVS.’
stop
ELSE
ct = ct + 1
goto 25
ENDIF
ENDDO

ct

counter to iterate through experimental water file until the correct
experimental time interval is found

wh2o = h2o_mass(ct - 1) + ((TIME - exp_time(ct -1))/
(exp_time(ct) - exp_time(ct - 1)))*
(h20_mass(ct) - h2o_mass(ct - 1))

wh2o = mass of water at any time t, corrected for sampling and evaporation
by linear interpolation

r_h2o_ex = (h20_ext(ct) - h2o_ext(ct - 1))/
(exp_time(ct) - exp_time(ct - 1))

r_hZo_ex = rate of water extraction, to be used in calculation of change
in number of moles extracted (Al, Na, Si)

Na_soln = Na_init + (2.+x)*Y(Xi) - Y(Na)
DYDT(Na) = Na_soln*(r_h2o_ex)/wh2o

Na_soln = moles of Na in solution
DTDT(Na) = change in moles Na extracted with time
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con_al = al_conc(ct - 1) + ((TIME - exp_time(ct -1))/
(exp_time(ct) - exp_time(ct - 1)))*
(al_conc(ct) - al_conc(ct - 1))

Al_soln = con_al*wh2o
DYDT(ALl) = con_al*(r_h2o_ex)

Al_soln = moles of Al in solution
DYDT(AL) = change in moles Al extracted with time

Si_soln = Si_init + (10.0-x)*Y(Xi) - Y(Si)
DYDT(Si) = Si_soln*(r_h2o_ex)/wh2o

Si_soln = moles of Si in solution
DYDT(Si) = change in moles Si extracted with time

a_Al02 = con_al*(X_Al02)*(g_Al02)
a_Na Na_soln*(X_Na)*(g_Na)/wh2o
a_Si02 = Si_soln*(X_Si02)*(g_Si02)/wh2o

a_Al02 = activity of AlO2-
a_Na = activity of Na+
a_Si02 = activity of $i02

if (a_Al02.LT.0) Then
write(6, *) "a_Al < 0°, a_AlO2
write(6, *) ‘wh2o0 = *, wh2o
write(6, *) "Al_soln =", Al_soln
write(6, *) 'X_al = *, X_AlO2
write(6, *) "g_ AL = °, g_alo02
write(B, *) “alal_init = 7, AL_init
write(B, *) ‘x =, x
write(B, *) "Y(Xi) = *, Y(Xi)
write(6, *) "Y(AL) = *, Y(AL)

endif

Q = ((a_Na)**(0.2+x))*((a_Al02)**(0.2+x))*((a_Si02)**(1.0-x))

DYDT(Xi) = (ks)*
(1.0-((Q/equilk)**(1.0/sigma)))
temp = DYDT(Xi)

END
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ADDITIONAL INFORMATION FOR SCIENTIFIC NOTEBOOK #: 049 (p. 84)

Document Date:

03/12/1996

Availability: Southwest Research Institute® ,
Center for Nuclear Waste Regulatory Analyses
6220 Culebra Road
San Antonio, Texas 78228
Contact: Southwest Research Institute®
Center for Nuclear Waste Regulatory Analyses
6220 Culebra Road
San Antonio, TX 78228-5166
Atin.: Director of Administration
210.522.5054
Data Sensitivity: W“Non-Sensitive” O Sensitive
0“Non-Sensitive - Copyright” O Sensitive - Copyright
Date Generated: 1996
Operating System: | MAC
(including version
number)
Application Used: | NA
(including version
number)
Media Type: 1 - 3"2 disk
(CDs,31/2,51/4
disks, etc.)
File Types: Various
(.exe, .bat, .zip, etc.)
Remarks: Media contains: Input files for EQ3 runs in support of interpretation of
(computer runs, analcime clinophilolite experimental studies and mass transfer codes
etc.) and calculations in support of data interpretation.
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Document Date:

03/12/1996

Availability: Southwest Research Institute®
Center for Nuclear Waste Regulatory Analyses
6220 Culebra Road
San Antonio, Texas 78228
Contact: Southwest Research Institute®
Center for Nuclear Waste Regulatory Analyses
6220 Culebra Road
San Antonio, TX 78228-5166
Attn.: Director of Administration
210.522.5054
Data Sensitivity: W“Non-Sensitive” O Sensitive
0“Non-Sensitive - Copyright” O Sensitive - Copyright
Date Generated: 1996
Operating System: | MAC
(including version
number)
Application Used: | NA
(including version
number)
Media Type: 1 - 32 disk
(CDs,31/2,51/4
disks, etc.)
File Types: Various

(.exe, .bat, .zip, etc.)

Remarks:
(computer runs,
etc.)

Media contains: Input files and representative outputs for modeling
with EQ3/6. These are files developed in research leading to results
in Section 4 of NUREG/CR-6288.




