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either during runtime (SUBROUTINE KMFUL) or obtained from precalculated tables

(SUBROUTINE KMTAB).

SUBROUTINE ADJUST

This subroutine adjusts to satisfy mass balance up to machine precision. It calculates the excess of
each aerosol precursor, and if it exists, it adjusts sequentially aerosol phase species which contain

the excess precursor.

SUBROUTINE CALCA1l

This subroutine solves the forward problem of a sulfate poor, ammonium-sulfate aerosol system,

when the relative humidity is below the DRH of (NH,),SO,4. The following species are possible:

e Solids: (NH4)2804

e Agqueous phase: Not present

Solid (NH4),SO, is calculated from the amount of sulfates available. Excess ammonia is

partitioned between gas and aqueous phase according to the NH, ., — - NH,

4(aq)

+OH,;

3(9) (aq)

equilibrium.

SUBROUTINE CALCAZ2

This subroutine solves the forward problem of a sulfate poor, ammonium-sulfate aerosol system,

when the relative humidity is above the DRH of (NH,),SO,. The following species are possible:

e Solids: None

e Agueous phase: Present
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FUNCTION FUNCAZ2 calculates the concentration of ions from the NH., . « - NH/

4(aq)

+OH,;

3(9) (aq)

equilibrium, based on an estimation of H*. This process is iterated with respect to the

concentration of H*, until electroneutrality is satisfied.

SUBROUTINE CALCB1
This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system,

when the relative humidity is below the DRH of NH,HSO,. The following species are possible:

e Solids: (NH4)3H(SO4)2, (NH4)2804, NH4HSO4

e Agqueous phase: Present when RH = MDRH, not present when RH < MDRH

SUBROUTINE CALCB1A

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system,
when the relative humidity is below the MDRH regions of SUBROUTINE CALCB1. The

following species are possible:

e Solids: (NH4)3H(SO4)2, NH4HSO4 or (NH4)3H(SO4)2, (NH4)QSO4

e Aqueous phase: Not present

A material balance is performed which calculates the amount of (NH4)sH(SO4)2, (NH,),SO,4 and
NH;HSO,. Only two of the three salts can exist simultaneously, one of which is always

(NH4)sH(SO4)s.
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SUBROUTINE CALCB1B

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system,
when the relative humidity is in the MDRH regions of SUBROUTINE CALCB1. The following

species are possible:

e Solids: (NH4)3H(SO4)2, NH4HSO4 or (NH4)3H(SO4)2, (NH4)2804
e Agueous phase: Present
The solution is assumed to be the weighted average of two states; one being the dry aerosol

calculated by SUBROUTINE CALCB1A, and the other, a liquid phase calculated by

SUBROUTINE CALCB2.

SUBROUTINE CALCB?2

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system,
when the relative humidity is between the DRH of NH4HSO,4 and (NH,)3H(SO4),. The following

species are possible:

e Solids: (NH4)3H(SO4)2, (NH4)QSO4
e Agueous phase: Present if in an MDRH, or if NH;HSO, is possible. Otherwise, no aqueous

phase is present.

There are two subcases possible, depending on the type of salts that can exist.

e When both (NH,4)3H(SO,), and (NH,),SO, are possible, SUBROUTINE CALCB2A is called.

e When only (NH4)3H(SO,), is possible, SUBROUTINE CALCB2B is called.

SUBROUTINE CALCB2A1
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This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system,
when the relative humidity is between the DRH of NH4,HSO, and (NH,)3H(SO,),. The following

species are possible:

e Solids: (NH4)3H(SO4)2, (NH4)ZSO4

e Agqueous phase: Present when RH = MDRH, not present when RH < MDRH

SUBROUTINE CALCB2A2

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system,
when the relative humidity is above the DRH of NH4HSO, and in the MDRH regions of

SUBROUTINE CALCB2A. The following species are possible:

e Solids: (NH4)3H(SO4)2, (NH4)QSO4
e Aqueous phase: Present
The solution is assumed to be the weighted average of two states; one being the dry aerosol

calculated by SUBROUTINE CALCB2A1, and the other, a liquid phase calculated by

SUBROUTINE CALCBS.

SUBROUTINE CALCB2B

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system,
when the relative humidity is between the DRH of NH4HSO, and (NH4)sH(SO,),. The following

species are possible:

e Solids: (NH4)3H(SO4)2

e Aqueous phase: Present
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The system is solved iteratively, using the amount of dissolved (NH,)3H(SO,), as the estimation
variable. For each estimation, FUNCTION FUNCB2A calculates the ionic equilibria in the

aqueous phase. The solubility product of (NH4)sH(SO,), is used as the objective function.

SUBROUTINE CALCB3

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system,
when the relative humidity lies between the DRH of (NH4)sH(SO4), and (NH4),SO, The

following species are possible:

e Solids: (NH4),SO4
e Agueous phase: Present
There are two possible cases, depending on if solids can form. When solid (NH4),SO, is possible

(i.e. when the sulfate ratio is greater than 1.5), SUBROUTINE CALCB3A is called, otherwise,

SUBROUTINE CALCB3B is called.

SUBROUTINE CALCB3A

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system,
when the relative humidity lies between the DRH of (NH4)sH(SO4), and (NH4),SO, The

following species are possible:

e Solids: (NH4),SO4

e Agueous phase: Present
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The iterative solution algorithm of SUBROUTINE CALCM4 is used, with the difference that

NH,CI does not precipitate.

SUBROUTINE CALCM6

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of MgSO, and Na,SO,. The following species are

possible:
e Solids; CaSO., Na,SO,, K,SO,
e Aqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCMS is used, with the difference that

MgSO, does not precipitate.

SUBROUTINE CALCM7

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of Na,SO, and K,SO,. The following species are

possible:

e Solids: CaSO., K,SO,

e Agqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCM6 is used, with the difference that

Na,SO, does not precipitate.
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SUBROUTINE CALCMS8

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is above the DRH of K,SO,. The following species are possible:
* Solids: CaSO,

e Aqgueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCM7 is used, with the difference that

K>SO, does not precipitate.

SUBROUTINE CALCP1

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is below the DRH of CaCl,. The following species are possible:

e Solids: CaSO0,, Ca(N03)2, CaC|2, K»SOy, KNOg, KCI, MgSO4, Mg(NO3)2, MgCIQ, NaN03,

NaCl, NH4NO;, NH,CI

e Aqueous phase: Present when RH = MDRH, not present when RH < MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCP1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRH2.

SUBROUTINE CALCP1A

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
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the relative humidity is below the MDRH regions of SUBROUTINE CALCP1. The following

species are possible:

- Solids: CaSOs, Ca(NOs),, CaCl,, K,SO4 KNOs, KCI, MgSO,, Mg(NOs),, MgCl,, NaNO;,
NaCl, NH,NOs, NH,CI

e Agueous phase: Not present

Calcium, potassium and magnesium react with the sulfates to form CaSO4, MgSQ,, K;SO,. The
remaining calcium, potassium and magnesium first reacts to form Ca(NOs),, Mg(NO3),, KNO3
then if possible, CaCl,, MgCl,, KCI. Na and NHj5 then reacts to form NaNOjz, NaCl, and NH4NO;

and NH,CI.

SUBROUTINE CALCP2

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of CaCl, and MgCl,. The following species are

possible:

e Solids: CaSO,, Ca(NOs),, K;SO,4 KNOs, KCI, MgSO,, Mg(NO3),, MgCl,, NaNOs, NaCl,
NH4NO3, NH,CI
e Agueous phase: Present when CaCl, exists or when RH = MDRH, not present when RH <

MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCP1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRH2.

SUBROUTINE CALCP2A
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This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of CaCl, and MgCl,. An aqueous phase is also

presumed to exist. The following species are possible:

* Solids: CaSO4, Ca(NO3)2, KzSO4, KNO3, KCl, MgSO4, Mg(N03)2, MgClz, NaNO3, NaCI,
NH;NO;, NH,CI

e Agqueous phase: Present.

The system is solved iteratively, with respect to the amount of gas phase HCI. For each
estimation, FUNCTION FUNCP2A calculates the ionic equilibria in the aqueous phase, together
with the amount of precipitated salts and gas phase NH3z, HNOs. The objective function used is

the departure of Cl g, HCl(g) from equilibrium, according to the reaction HCI, — - H{, +CI, .

SUBROUTINE CALCP3

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of MgCl, and Ca(NOs3),. The following species are

possible:

* Solids: CaSO4, Ca(NO3)2, KzSO4, KNO3, KCl, MgSO4, Mg(N03)2, NaNO3, NaCI, NH4NO3,
NH,4CI
e Agueous phase: Present when nitrates or chlorides exist or when RH = MDRH, not present

when RH < MDRH.

ISORROPIA v2.1 REFERENCE MANUAL 68



CHAPTER 5: SUBROUTINE REFERENCE

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCP1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRH2.

SUBROUTINE CALCP3A

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of MgCl, and Ca(NOs),. An aqueous phase is

presumed to exist. The following species are possible:

e Solids: CaSO0,, Ca(NO3)2, K,S0,4, KNO3, KCI, MgSO4, Mg(N03)2, NaNO;, NaCI, NHiNO;,
NH,CI

e Agueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCP2A is used, with the difference that

MgCI, does not precipitate.

SUBROUTINE CALCP4

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of Ca(NOjz), and Mg(NOs),. The following species are

possible:

e Solids: CaSO,, K;SO4, KNO3, KCI, MgSQO,4, Mg(NOs),, NaNOs;, NaCl, NH4;NO;, NH,CI
e Agueous phase: Present when nitrates exist or when RH = MDRH, not present when RH <

MDRH.
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The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCP1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRH2.

SUBROUTINE CALCP4A

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of Ca(NOz), and Mg(NO3z),. An aqueous phase is

presumed to exist. The following species are possible:

e Solids: CaS0O,, K;SO4, KNO3, KCI, MgSO,, Mg(NO3),, NaNO3, NaCl, NH;NO;, NH,CI

e Agueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCP3A is used, with the difference that

Ca(NOs), does not precipitate.

SUBROUTINE CALCPS

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of Mg(NOs), and NH;NO;. The following species are

possible:

e Solids: CaSO,, K;SO4, KNO3, KCI, MgSO,4, NaNOs;, NaCl, NH,;NO;, NH,CI
e Agueous phase: Present when nitrates exist or when RH = MDRH, not present when RH <

MDRH.
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The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCP1A. The

composition in the mutual deliquescence region is solved by SUBROUT INE CALCMDRH.

SUBROUTINE CALCP5A

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of Mg(NOz3), and NH4NO3. An agueous phase is

presumed to exist. The following species are possible:

e Solids: CaS0O,, K;SO4, KNO3, KCI, MgSO,4, NaNO3, NaCl, NH;NO3, NH,CI

e Agueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCP4A is used, with the difference that

Mg(NOs3), does not precipitate.

SUBROUTINE CALCP6

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of NH4NO3z and NaNOs. An agueous phase is presumed

to exist. The following species are possible:

e Solids: CaS0O,, K;SO4, KNO3, KCI, MgSO,4, NaNO3, NaCl, NH,CI

e Agueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCP5A is used, with the difference that

NH,4NO; does not precipitate.
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SUBROUTINE CALCPY

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of NaNO; and NaCl. The following species are

possible:

* Solids: CaSO4, KzSO4, KNO3, KCl, MgSO4, NaCI, NH4C|

e Aqgueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCP®6 is used, with the difference that

NaNO; does not precipitate.

SUBROUTINE CALCPS8

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is between the DRH of NaCl and NH,CI. The following species are possible:

e Solids: CaSO4, KzSO4, KNO3, KCl, MgSO4, NH4C|

e Agqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCP7 is used, with the difference that

NaCl does not precipitate.

SUBROUTINE CALCP9
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This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is between the DRH of NH,Cl and KCI. The following species are possible:

e Solids: CaSQ,, K;SO4, KNO3, KCI, MgSO,

e Aqgueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCPS is used, with the difference that

NH,CI does not precipitate.

SUBROUTINE CALCP10

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is between the DRH of KCI and MgSO,. The following species are possible:

* Solids: CaSO4, KzSO4, KNO3, MgSO4

e Aqgueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCP9 is used, with the difference that KCI

does not precipitate.

SUBROUTINE CALCP11

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of MgSO, and KNOj. The following species are

possible:
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* Solids: CaSO4, KzSO4, KNO3

e Aqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCP10 is used, with the difference that

MgSQ, does not precipitate.

SUBROUTINE CALCP12

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of KNO; and K,SO,. The following species are

possible:

* Solids: CaSO., K,SO,

e Agqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCP11 is used, with the difference that

KNO; does not precipitate.

SUBROUTINE CALCP13

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is above the DRH of K,SO,. The following species are possible:

* Solids: CaSO,

e Aqgueous phase: Present.
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The iterative solution algorithm of SUBROUTINE CALCP12 is used, with the difference that

K,SO, does not precipitate.

SUBROUTINE CALCL1
This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is below

the DRH of NH4;HSO,. The following species are possible:

e Solids: CaS0,, K,S0,, MgSO4, KHSO,;, Na,SO,, (NH4)2804, NaHSO,, NH4HSO,,
(NH4)3H(SO4)2

e Agueous phase: Present when RH = MDRH, not present when RH < MDRH

The case of a dry aerosol (RH < MDRH) is handled by SUBROUTINE CALCL1A, while the

mutual deliquescence region is handled by SUBROUTINE CALCMDRH2.

SUBROUTINE CALCL1A

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-
sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is below

the DRH of NH4;HSO,. The following species are possible:

e Solids: CaS0,, K,S0,, MgSO4, KHSO,;, Na,SO,, (NH4)2804, NaHSO,, NH4HSO,,
(NHy)sH(SO4),

e Agueous phase: None

All of the calcium, magnesium, potassium and sodium reacts with sulfate to produce CaSO,,

K,SO4, MgS0O,, KHSO,4, Na,SO, and NaHSO,. The remaining sulfate reacts with ammonia to

form (NH,),SO,, (NH;)3H(SO,), and/or NH;HSO,. HCI and HNO; remain in the gas phase.
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SUBROUTINE CALCL2
This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between

the DRH of NH;HSO, and NaHSQO,. The following species are possible:

* Solids: CaSO4, KzSO4, MgSO4, KHSO4, Nast4, (NH4)2804, NaHSO4, (NH4)3H(SO4)2
e Agueous phase: Present when NH4HSO, exists (which deliquesces) or when RH = MDRH.

Water not present when RH < MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCL1A. The mutual
deliquescence region is handled by SUBROUTINE CALCMDRH2. If NH4HSO, exists, then it is

solved by SUBROUTINES CALCL2A and CALCL2B.

SUBROUTINE CALCL2A

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-
sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between
the DRH of NH;HSO, and NaHSO,. An aqueous phase is presumed to exist. The following

species are possible:

- Solids: CaSOs, K,SO4, MgSOs, KHSO4, Na,SO4, (NH4),S04, NaHSO4, (NH,)sH(SO4),

e Agueous phase: Present

The system is solved iteratively, using the amount of dissolved (NH4)sH(SO,), as the estimation
variable. For each estimation, FUNCTION FUNCL2A calculates the ionic equilibria in the

aqueous phase. The solubility product of (NH,)sH(SO,), is used as the objective function.
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SUBROUTINE CALCL2B

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-
sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between
the DRH of NH,HSO, and NaHSO,. An aqueous phase is presumed to exist. The following

species are possible:

e Solids: CaSO4, KzSO4, MgSO4, KHSO4, Nast4, (NH4)2804, NaHSO4, (NH4)3H(SO4)2

e Agueous phase: Present

The system is solved iteratively, using the amount of dissolved Na,SO, as the estimation variable.
For each estimation, FUNCTION FUNCL2B calculates the ionic equilibria in the aqueous phase.

The solubility product of Na,SO, is used as the objective function.

SUBROUTINE CALCL3

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-
sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between

the DRH of NaHSO, and (NH,4)sH(SO,),. The following species are possible:

e Solids: CaS0,, K,S0,, MgSO4, KHSO,4, Na,SOy, (NH4)QSO4, (NH4)3H(SO4)2
e Agueous phase: Present when NH4HSO, or NaHSO, exists (dissolved) or when RH =

MDRH. Water not present when RH < MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCL1A. The
composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRHZ2. If
NH4HSO, or NaHSO, exists, then the case is solved by SUBROUTINES CALCL3A and

CALCL3B.
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SUBROUTINE CALCL3A

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-
sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between
the DRH of NaHSO, and (NH,4);H(SO,),. Bisulfate salts are dissolved in an aerosol phase which

is presumed to exist. The following species are possible:

* Solids: CaSO4, KzSO4, MgSO4, KHSO4, Nast4, (NH4)2804, (NH4)3H(SO4)2
e Agueous phase: Present

The iterative solution algorithm of SUBROUTINE CALCL2A is used, with the difference that

NaHSO, does not precipitate.

SUBROUTINE CALCL3B

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-
sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between
the DRH of NaHSO, and (NH,4)3H(SO,),. Bisulfate salts are dissolved in an aerosol phase which

is presumed to exist. The following species are possible:

e Solids: CaS0,, K,S0,, MgSO4, KHSO,4, Na,SOy, (NH4)QSO4, (NH4)3H(SO4)2

e Aqueous phase: Present

The iterative solution algorithm of SUBROUTINE CALCL2B is used, with the difference that

NaHSO, does not precipitate.

SUBROUTINE CALCL4
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This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-
sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between

the DRH of (NH4)3H(SO,), and (NH,4),SO,. The following species are possible:

* Solids: CaSO4, KzSO4, MgSO4, KHSO4, Nast4, (NH4)ZSO4
e Agueous phase: Present
The system is solved iteratively, using the amount of dissolved Na,SO, as an estimation variable.

For each estimation, FUNCTION FUNCL4 calculates the ionic equilibria in the agueous phase.

The solubility product of Na,SO, is used as the objective function.

SUBROUTINE CALCL5

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-
sodium-ammoniume-nitrate-sulfate-chloride aerosol system, when the relative humidity is between

the DRH of (NH,),SO, and KHSQO,. The following species are possible:

e Solids: CaSO4, KQSO4, MgSO4, KHSO4, Na2504

e Aqueous phase: Present

The system is solved iteratively, using the same algorithm as in SUBROUTINE CALCL4 with

the difference that (NH,4),SO, does not precipitate.

SUBROUTINE CALCL6
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This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-
sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between
the DRH of KHSO, and MgSO,. The following species are possible:

* Solids: CaSO4, KzSO4, MgSO4, Na2804

e Agueous phase: Present

The system is solved iteratively, using the same algorithm as in SUBROUTINE CALCL5 with

the difference that KHSO, does not precipitate.

SUBROUTINE CALCL7Y

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-
sodium-ammoniume-nitrate-sulfate-chloride aerosol system, when the relative humidity is between
the DRH of MgSO, and Na,SO,. The following species are possible:

e Solids: CaSO,, K;SO4, Na,SO,4

e Aqueous phase: Present

The system is solved iteratively, using the same algorithm as in SUBROUTINE CALCL6 with

the difference that MgSO, does not precipitate.

SUBROUTINE CALCLS

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-
sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between

the DRH of Na,SO, and K,SO,. The following species are possible:

e Solids: CaSO4, K2804
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e Aqueous phase: Present

The system is solved iteratively, using the amount of dissolved K,SQO, as the estimation variable.
For each estimation, FUNCTION FUNCLS8 calculates the ionic equilibria in the aqueous phase.

The solubility product of K,SOy, is used as the objective function.

SUBROUTINE CALCL9

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-
sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is above

the DRH of K,SO,. The following species are possible:

e Solids: CaSO,

e Agueous phase: Present

— = Hgq +SOZ..

The concentrations of species are mainly determined by the HSO;, () e

(aq)

equilibrium.

SUBROUTINE CALCK1

This subroutine solves the forward problem of a sulfate super-rich, calcium-potassium-
magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative

humidity is below the DRH of NH,HSO,. The following species are possible:

e Solids: NH,HSO,, NaHSO,, KHSO,,CaS0O,

e Aqueous phase: Present

The system is solved iteratively, using the amount of dissolved KHSO, as an estimation variable.

For each estimation, FUNCTION FUNCK1 calculates the dissolved KHSO, and the ionic
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equilibria in the aqueous phase. The solubility product of KHSO, is used as the objective

function.

SUBROUTINE CALCK2

This subroutine solves the forward problem of a sulfate super-rich, calcium-potassium-
magnesium-sodium-ammoniume-nitrate-sulfate-chloride aerosol system, when the relative

humidity is between the DRH of NH,HSO, and NaHSO,. The following species are possible:

* Solids: NaHSO,, KHSO,,CaS0O,

e Agueous phase: Present

The system is solved iteratively, using the amount of dissolved KHSO, as an estimation variable.
For each estimation, FUNCTION FUNCK2 calculates the dissolved KHSO, and the ionic
equilibria in the aqueous phase. The solubility product of KHSO, is used as the objective

function.

SUBROUTINE CALCK3

This subroutine solves the forward problem of a sulfate super-rich, calcium-potassium-
magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative

humidity is between the DRH of NaHSO, and KHSQO,. The following species are possible:

e Solids: KHSO,,CaSO,

e Aqueous phase: Present

The system is solved iteratively, using the amount of dissolved KHSO, as an estimation variable.

For each estimation, FUNCTION FUNCK3 calculates the dissolved KHSO, and the ionic
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equilibria in the aqueous phase. The solubility product of KHSO, is used as the objective

function.

SUBROUTINE CALCK4

This subroutine solves the forward problem of a sulfate super-rich, calcium-potassium-
magnesium-sodium-ammoniume-nitrate-sulfate-chloride aerosol system, when the relative

humidity is above the DRH of KHSO,. The following species are possible:

* Solids: CaSO,

e Agueous phase: Present

« > H;

Speciation is mainly controlled by the HSO, ()

.- T
() +S0;,,,, equilibrium.

SUBROUTINE CALCS1
This subroutine solves the reverse problem of a sulfate poor, ammonium-sulfate aerosol system,

when the relative humidity is below the DRH of (NH,).SO,4. The following species are possible:

e Solids: (NH4),SO4

e Agueous phase: Not present

Solid (NH4),SO, is calculated from the amount of sulfates available. Gas phase ammonia in this

case is undefined (it is a free parameter).

SUBROUTINE CALCS2

This subroutine solves the reverse problem of a sulfate poor, ammonium-sulfate aerosol system,

when the relative humidity is above the DRH of (NH,4),SO,. The following species are possible:
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e Solids: None

e Agueous phase: Present

The concentrations in this case are mainly determined by the equilibria: NH Ka _, NH

3(g) < 3(aq)

and NH, ., +H,0) « ** — NH;

4(aq)

+0OH

3(aq) (aq)

SUBROUTINE CALCN1
This subroutine solves the reverse problem of a sulfate poor, ammonium-nitrate-sulfate aerosol

system, when the relative humidity is below the DRH of NH4NOj3. The following species are

possible:

* Solids: (NH4)2804, NH4NO3

e Aqgueous phase: Present when RH = MDRH, not present when RH < MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCN1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRP.

SUBROUTINE CALCNI1A

This subroutine solves the forward problem of a sulfate poor, ammonium-nitrate-sulfate aerosol
system, when the relative humidity is below the DRH of NH4NOj3. The following species are

possible:

* Solids: (NH4)2804, NH4NO3

e Agueous phase: None

(NH,4),S0Oy, is calculated from the sulfates, while NH4NO; is calculated from the nitrates. Species

~ - NH, . +HNO,

5 auilibrium.

in the gas phase are determined from the NH,NO, %)
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SUBROUTINE CALCN2

This subroutine solves the reverse problem of a sulfate poor, ammonium-nitrate-sulfate aerosol
system, when the relative humidity is between the DRH of NH4;NO; and (NH,),SO,. The

following species are possible:

e Solids: (NH4)2804

e Agueous phase: Present

The system is solved iteratively, using the amount of dissolved (NH,),SO, as the estimation
variable. For each estimation, FUNCTION FUNCN2 calculates the gas phase and ionic species.

The solubility product of (NH4),SO, is used as the objective function.

SUBROUTINE CALCN3

This subroutine solves the reverse problem of a sulfate poor, ammonium-nitrate-sulfate aerosol
system, when the relative humidity is above the DRH of (NH,),SO,. The following species are

possible:

e Solids: None

e Aqueous phase: Present

The concentrations in this case are determined from the equilibria: NH, ., « - NH

3(9) 3(aq)

« - NH;

4(aq)

NH, o + H,0

(aq) +OH,,

3(aq) (aq) *

SUBROUTINE CALCQ1
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This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is below the DRH of NH,NOs.

The following species are possible:

* Solids: (NH4)2804, NH4NO3, NH4C|, Nast4

e Agueous phase: Present when RH = MDRH, not present when RH < MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCQ1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRP.

SUBROUTINE CALCQ1A

This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is below the MDRH region of

SUBROUTINE CALCQ1. The following species are possible:

e Solids: (NH4)2SO4, NHsNO3, NH,CI, Na,SO,4

e Agueous phase: Not present

All of the sodium reacts with sulfates to form Na,SO,. Ammonia the reacts with the remaining
sulfate, forming (NH,),SQO,4. The excess NH; then reacts with HNO; and HCI to form NH;NOs,

NH,4CI, until equilibrium is achieved.

SUBROUTINE CALCQ2

This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of

NH4NO; and NH,4CI. The following species are possible:
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* Solids: (NH4)2804, NH4C|, Nast4

e Aqueous phase: Present when there is NH4NO; (that deliquesces), or when in a MDRH.

If an aqueous phase is present, SUBROUTINE CALCQ2A is called. When in a MDRH,
SUBROUTINE CALCMDRP is called. Otherwise, the aerosol is dry, and SUBROUTINE

CALCQ1A is used to calculate the composition.

SUBROUTINE CALCQ2A

This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of

NH4NO; and NH,4CI. An aqueous phase is presumed to exist. The following species are possible:

- Solids: (NH,),SOs NH,CI, Na,SO,

e Agueous phase: Present.

The system is solved iteratively, using gas phase HCI as the estimation variable. For each
estimation, FUNCTION FUNCQ2A calculates the ionic equilibria in the aqueous phase, together
with the amount of precipitated salts and gas phase NHz, HNOs. The objective function used is

the departure of Cl'zg), NH4'ag) , HCl and NHsg from equilibrium, according to the reaction

NH +HCI(g)<__,NH+ +ClI

3(9) 4(aq) (aq) "

SUBROUTINE CALCQ3

This subroutine solves the forward problem of a sulfate poor, sodium poor, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of NH,CI

and (NH,4),SO,. The following species are possible:
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* Solids: (NH4)2804, Nast4
e Agueous phase: Present when there is some NH;NOz; or NH4CI (which deliquesces), or when

ina MDRH.

If an aqueous phase exists, the problem is solved by SUBROUTINE CALCQ3A. When in a
MDRH, SUBROUTINE CALCMDRP is called. Otherwise, the aerosol is dry, and SUBROUT INE

CALCQ1A is used to calculate the composition.

SUBROUTINE CALCQ3A

This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of NH,CI

and (NH4),SO,4. An aqueous phase is presumed to exist. The following species are possible:

e Solids: (NH4),SO4, Na;SO4

e Agueous phase: Present.

The system is solved iteratively, using the amount of gas phase HCI as the estimation variable.
For each estimation, FUNCTION FUNCQ3A calculates the ionic equilibria in the aqueous phase,
together with the amount of precipitated salts and gas phase NH3;, HNO;. The objective function
used is the departure of Cl'iq), NHs'@q , HClg and NHsg from equilibrium, according to the

reaction NH +HCI(g)<__,NH+ +ClI,

3(9) 4(aq) (aq) *

SUBROUTINE CALCQ4

This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of

(NH,),SO,4 and Na,SQO,. The following species are possible:
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* Solids: Na,SO,

e Agueous phase: Present

The system is solved iteratively, using the amount of gas phase HCI as the estimation variable.
For each estimation, FUNCTION FUNCQ4 calculates the ionic equilibria in the agueous phase,
together with the amount of precipitated Na,SO, and gas phase NHs;, HNO;. The objective

function used is the departure of Cl 5g), NH4 aq) , HCl(g) and NHs from equilibrium, according to

the reaction NH, , +HClg) « — NH .0 +Cliy)-
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SUBROUTINE CALCQ5

This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is above the DRH of Na,SO,.

The following species are possible:

e Solids: None

e Agueous phase: Present

The solution algorithm of SUBROUTINE CALCQ4 is used, with the difference that Na,SO, does

not precipitate.

SUBROUTINE CALCR1

This subroutine solves the reverse problem of a sulfate poor, sodium rich, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is below the DRH of NH4NOs.

The following species are possible:

e Solids: Na,;SO,4, NaNO3, NaCl, NH4NO;, NH,CI

e Aqueous phase: Present when RH = MDRH, not present when RH < MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCR1A. The

composition in the mutual deliquescence region is calculated by SUBROUTINE CALCMDRP.

SUBROUTINE CALCRI1A

This subroutine solves the reverse problem of a sulfate rich, sodium poor, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is below the MDRH region of

SUBROUTINE CALCRL1. The following species are possible:
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e Solids: Na,SO,4, NaNO3, NaCl, NH4;NO;, NH,CI
e Aqueous phase: Not present
All of the sodium reacts with the sulfates to produce Na,SO,. The excess sodium reacts to form

first NaNOs, then NaCl. The remaining HCI and HNO; then react with NH; to form NH;NO; and

NH,CI respectively.

SUBROUTINE CALCR2

This subroutine solves the reverse problem of a sulfate poor, sodium rich, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of

NH;NO; and NaNOs. The following species are possible:

e Solids: Na,SO,, NaNO3, NaCl, NH.CI
e Agueous phase: Present when NH4NO; exists or when RH = MDRH, not present when RH <

MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCR1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRP.

SUBROUTINE CALCR2A

This subroutine solves the reverse problem of a sulfate poor, sodium rich, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of

NH;NO; and NaNOs. An aqueous phase is presumed to exist. The following species are possible:

e Solids: Na,SO,, NaNO3, NaCl, NH.CI

e Agueous phase: Present.
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The system is solved iteratively, using the amount of gas phase HCI as the estimation variable.
For each estimation, FUNCTION FUNCR2A calculates the ionic equilibria in the aqueous phase,
together with the amount of precipitated salts and gas phase NHz;, HNOz. The objective function
used is the departure of Cl'gg), NHas'aq) , HClg) and NHsg from equilibrium, according to the

reaction NH +HCI(g)<__.NH* +CI .

3(9) 4(aq) (aq) *

SUBROUTINE CALCR3

This subroutine solves the reverse problem of a sulfate poor, sodium rich, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of NaNO;

and NaCl. An aqueous phase is presumed to exist. The following species are possible:

* Solids: Na,SO,4, NaCl, NH.CI

e Aqgueous phase: Present.

The solution algorithm of SUBROUTINE CALCR2 is used, with the difference that NaNO; does

not precipitate.

SUBROUTINE CALCRA4

This subroutine solves the reverse problem of a sulfate poor, sodium rich, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of NaCl

and NH,CI. An aqueous phase is presumed to exist. The following species are possible:

* Solids: Na,SO,4, NH,CI

e Agqueous phase: Present.
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The solution algorithm of SUBROUTINE CALCR2 is used, with the difference that NaNO; and

NaCl do not precipitate.

SUBROUTINE CALCRS

This subroutine solves the forward problem of a sulfate poor, sodium rich, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of NH,CI

and Na,SO,. The following species are possible:

* Solids: Na,SO,
e Agueous phase: Present.

The solution algorithm of SUBROUTINE CALCR2 is used, with the difference that NaNOs,

NaCl and NH,CI do not precipitate.

SUBROUTINE CALRG6

This subroutine solves the forward problem of a sulfate poor, sodium rich, sodium-ammonium-
nitrate-sulfate-chloride aerosol system, when the relative humidity is above the DRH of Na,SO,.

The following species are possible:

e Solids: None

e Agueous phase: Present.

The solution algorithm of SUBROUTINE CALCR2 is used, with the difference that salts do not

precipitate.
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SUBROUTINE CALCV1

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcim-
potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the

relative humidity is below the DRH of NH,NOs. The following species are possible:

* Solids: CaSO4, NH4NO3, NH4C|, (NH4)2$O4, MgSO4, Na2804, KzSO4

e Adqueous phase: Present when RH = MDRH, not present when RH < MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCV1A. The

composition in the mutual deliguescence region is solved by SUBROUTINE CALCMDRPII.

SUBROUTINE CALCV1A

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-
potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the
relative humidity is below the MDRH region of SUBROUTINE CALCVL1. The following species

are possible:

e Solids: CaS0Oy4, NHsNO3, NH4C|, (NH4)QSO4, MgSO4, Na,SO,, K,SO,
e Agqueous phase: Not present
All of the calcium, potassium, magnesium and sodium reacts with the sulfates to form CaSO,,

MgSQ,, Na,SO,4, K,SO,4. The remaining sulfates react with ammonia to form (NH4),SO,4. The

excess NHj; then reacts with HNO3; and HCI to form NH4;NO;, NH,CI.
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SUBROUTINE CALCV2

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-
potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the
relative humidity is between the DRH of NH;NO; and NH,CIl. The following species are

possible:

e Solids: CaSO4, NH4C|, (NH4)2804, MgSO4, Nast4, KzSO4

e Aqueous phase: Present when there is NH;NO; (that deliquesces) or when in a MDRH.

In the presence of NH4;NOs, the problem is solved by SUBROUTINE CALCV2A. When in a
MDRH, SUBROUTINE CALCMDRPII is called. Otherwise, the aerosol is dry, and

SUBROUTINE CALCV1A is used to calculate the composition.

SUBROUTINE CALCV2A

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-
potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the
relative humidity is between the DRH of NH4NO; and NH,CIl. An agueous phase is also

presumed to exist. The following species are possible:

e Solids: CaSO,, NH,ClI, (NH4),SO4, MgSOy, Na;SO,4, K,SO4

e Agueous phase: Present.

The system is solved iteratively, with respect to the amount of gas phase HCI. For each
estimation, FUNCTION FUNCV2A calculates the ionic equilibria in the aqueous phase, together

with the amount of precipitated salts and gas phase NHz, HNOs. The objective function used is

ISORROPIA v2.1 REFERENCE MANUAL 95



CHAPTER 5: SUBROUTINE REFERENCE

the departure of Cl'q), NH4 o) , HCl and NHsg from the equilibrium state, according to the

reaction NH +HCI(g)<__,NH+ +ClI,

3(9) 4(aq) (aq)

SUBROUTINE CALCV3

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-
potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the
relative humidity is between the DRH of NH,CI and (NH4),SO,. The following species are

possible:

* Solids: CaSO4, (NH4)2804, MgSO4, Nast4, KzSO4
e Aqgueous phase: Present when there is some NH;NOz; or NH,4CI (which deliquesces), or when

ina MDRH.

In the presence of NH4;NO; or NH4CI, the problem is solved by SUBROUTINE CALCV3A. When
in a MDRH, SUBROUTINE CALCMDRPII is called. Otherwise, the aerosol is dry, and

SUBROUTINE CALCV1A is used to calculate the composition.

SUBROUTINE CALCV3A

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-
potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the
relative humidity is between the DRH of NH4CI and (NH,4).SO,4. An additional presumption made

is that nitrate and/or chloride exists in the aerosol phase. The following species are possible:

- Solids: CaSOa, (NH4),SO4, MgSOs, Na;SOs, K,SO4

e Aqgueous phase: Present.
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The system is solved iteratively, with respect to the amount of gas phase HCI. For each
estimation, FUNCTION FUNCV3A calculates the ionic equilibria in the aqueous phase, together
with the amount of precipitated salts and gas phase NHz, HNOs. The objective function used is
the departure of Cl'ag), NH4'(aq) , HClg and NHsg) from the equilibrium state, according to the

reaction NH +HCI(g)<__.NH* +CI .

3(9) 4(aq) (aq) *

SUBROUTINE CALCV4

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-
potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the
relative humidity is between the DRH of (NH,),SO, and MgSO,. The following species are

possible:

e Solids: CaSQ,, MgSO4, Na,SO4, K,SO,

e Agueous phase: Present

The system is solved iteratively, with respect to the amount of gas phase HCI. For each
estimation, FUNCTION FUNCV4 calculates the ionic equilibria in the aqueous phase, together
with the amount of precipitated MgSO,4, Na,SO,, K,SO, and gas phase NH;, HNOj. The
objective function used is the departure of Cl',q, HClg from equilibrium, according to the

reaction HCl, — — H{, +CI,.
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SUBROUTINE CALCV5

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-
potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the

relative humidity is between the DRH of MgSO, and Na,SO,. The following species are possible:

* Solids: CaSO4, Na2804, KzSO4
e Agueous phase: Present

The iterative solution algorithm of SUBROUTINE CALCV4 is used, with the difference that

MgSO, does not precipitate.

SUBROUTINE CALCV6

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-
potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the

relative humidity is between the DRH of Na,SO, and K,SQO,. The following species are possible:

e Solids: CaSO4, KQSO4

e Aqueous phase: Present

The iterative solution algorithm of SUBROUTINE CALCV5 is used, with the difference that

Na,SO,4 does not precipitate.

ISORROPIA v2.1 REFERENCE MANUAL 98



CHAPTER 5: SUBROUTINE REFERENCE

SUBROUTINE CALCV7Y

This subroutine solves the forward problem of a sulfate poor, crustals&sodium poor, calcium-
potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the

relative humidity is above the DRH of K,SO,. The following species are possible:

e Solids: CaSO,

e Agueous phase: Present

The iterative solution algorithm of SUBROUTINE CALCV6 is used, with the difference that

K>SO, does not precipitate.

SUBROUTINE CALCU1

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is below the DRH of NH4NO;z. The following species are possible:

e Solids: CaSO,, NH4sNO;, NH,CI, MgSO,4, Na,SO4, K;SO4, NACI, NaNO;

e Agueous phase: Present when RH = MDRH, not present when RH < MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCU1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPI 1.

SUBROUTINE CALCU1A

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor,

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
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the relative humidity is below the MDRH regions of SUBROUTINE CALCUL. The following

species are possible:

e Solids: CaSO,, NH4sNO;, NH,CI, MgSO,4, Na,SO4, K;SO4, NACI, NaNO;

e Agueous phase: Not present

All of the calcium, potassium and magnesium reacts with the sulfates to form CaSQO,, MgSQO,,
K,SO,. The remaining sulfates react with sodium to form Na,SO,4. The remaining sodium first
reacts to form NaNOs, then if possible, NaCl. HCI and HNO; then react with NH; to form

NHiNO; and NH4C|

SUBROUTINE CALCU2

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of NH4;NO; and NaNOs. The following species are

possible:

e Solids: CaSO,, NH,CI, MgSOy, Na,SO,, K,SO4, NACI, NaNOs
e Agueous phase: Present when NH4NO; exists or when RH = MDRH, not present when RH <

MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCU1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII.
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SUBROUTINE CALCU2A

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of NH4;NO; and NaNO;. An aqueous phase is also

presumed to exist. The following species are possible:

* Solids: CaSO4, NH4C|, MgSO4, Na2804, KzSO4, NAC', NaNO3

e Aqgueous phase: Present.

The system is solved iteratively, with respect to the amount of gas phase HCI. For each
estimation, FUNCTION FUNCU2A calculates the ionic equilibria in the aqueous phase, together
with the amount of precipitated salts and gas phase NH3z, HNOs. The objective function used is

the departure of Cl ., HCl(g) from equilibrium, according to the reaction HCI, — - H{, +Cl, .

SUBROUTINE CALCU3

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of NaNO; and NaCl. An aqueous phase is presumed to

exist. The following species are possible:
e Solids: CaSO4, NH4C|, MgSO4, Na2804, KzSO4, NACI
e Agqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCU2 is used, with the difference that

NaNO; does not precipitate.
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SUBROUTINE CALCU4

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of NaCl and NH4CI. The following species are

possible:
* Solids: CaSO4, NH4C|, MgSO4, Na2804, KzSO4
e Agqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCU3 is used, with the difference that

NaCl does not precipitate.

SUBROUTINE CALCUS

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of NH,Cl and MgSO,. The following species are

possible:
e Solids: CaSO4, MgSO4, Nast4, KzSO4
e Aqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCU4 is used, with the difference that

NH,CI does not precipitate.
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SUBROUTINE CALCUG6

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of MgSO, and Na,SO,. The following species are

possible:
e Solids: CaSO4, Na2804, KzSO4
e Agqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCUS is used, with the difference that

MgSO, does not precipitate.

SUBROUTINE CALCU7

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of Na,SO, and K,SO,. The following species are

possible:

e Solids: CaSO4, KQSO4

e Aqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCUG6 is used, with the difference that

Na,SO,4 does not precipitate.
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SUBROUTINE CALCUS

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is above the DRH of K,SO,. The following species are possible:
* Solids: CaSO,

e Aqgueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCU7 is used, with the difference that

K>SO, does not precipitate.

SUBROUTINE CALCW1

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is below the DRH of CaCl,. The following species are possible:

e Solids: CaSO0,, Ca(N03)2, CaC|2, K»SOy, KNOg, KCI, MgSO4, Mg(NO3)2, MgCIQ, NaN03,

NaCl, NH4NO;, NH,CI

e Aqueous phase: Present when RH = MDRH, not present when RH < MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCW1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII.

SUBROUTINE CALCWI1A

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
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the relative humidity is below the MDRH regions of SUBROUTINE CALCP1. The following

species are possible:

- Solids: CaSOs, Ca(NOs),, CaCl,, K,SO4 KNOs, KCI, MgSO,, Mg(NOs),, MgCl,, NaNO;,
NaCl, NH,NOs, NH,CI

e Agueous phase: Not present

Calcium, potassium and magnesium react with the sulfates to form CaSO4, MgSQ,, K;SO,. The
remaining calcium, potassium and magnesium first reacts to form Ca(NOs),, Mg(NO3),, KNO3
then if possible, CaCl,, MgCl,, KCI. Na and NHj5 then reacts to form NaNOjz, NaCl, and NH4NO;

and NH,CI.

SUBROUTINE CALCW?2

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of CaCl, and MgCl,. The following species are

possible:

e Solids: CaSO,, Ca(NOs),, K;SO,4 KNOs, KCI, MgSO,, Mg(NO3),, MgCl,, NaNOs, NaCl,
NH4NO3, NH,CI
e Agueous phase: Present when CaCl, exists or when RH = MDRH, not present when RH <

MDRH

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCW1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII.

SUBROUTINE CALCW2A
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This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of CaCl, and MgCl,. An aqueous phase is also

presumed to exist. The following species are possible:

* Solids: CaSO4, Ca(NO3)2, KzSO4, KNO3, KCl, MgSO4, Mg(N03)2, MgClz, NaNO3, NaCI,
NH;NO;, NH,CI

e Agqueous phase: Present.

The system is solved iteratively, with respect to the amount of gas phase HCI. For each
estimation, FUNCTION FUNCW2A calculates the ionic equilibria in the aqueous phase, together
with the amount of precipitated salts and gas phase NH3z, HNOs. The objective function used is

the departure of Cl g, HCl(g) from equilibrium, according to the reaction HCI, — - H{, +Cl, .

SUBROUTINE CALCWS3

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of MgCl, and Ca(NOs3),. The following species are

possible:

* Solids: CaSO4, Ca(NO3)2, KzSO4, KNO3, KCl, MgSO4, Mg(N03)2, NaNO3, NaCI, NH4NO3,
NH,4CI
e Agueous phase: Present when nitrates or chlorides exist or when RH = MDRH, not present

when RH < MDRH.

ISORROPIA v2.1 REFERENCE MANUAL 106



CHAPTER 5: SUBROUTINE REFERENCE

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCW1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII.

SUBROUTINE CALCW3A

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of MgCl, and Ca(NOs),. An aqueous phase is

presumed to exist. The following species are possible:

e Solids: CaSO0,, Ca(NO3)2, K,S0,4, KNO3, KCI, MgSO4, Mg(N03)2, NaNO;, NaCI, NHiNO;,
NH,CI

e Agueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCW2A is used, with the difference that

MgClI, does not precipitate.

SUBROUTINE CALCW4

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of Ca(NOjz), and Mg(NOs),. The following species are

possible:

e Solids: CaSO,, K;SO4, KNO3, KCI, MgSQO,4, Mg(NOs),, NaNOs;, NaCl, NH4;NO;, NH,CI
e Agueous phase: Present when nitrates exist or when RH = MDRH, not present when RH <

MDRH.
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The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCW1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII.

SUBROUTINE CALCW4A

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of Ca(NOz), and Mg(NOQO3z),. An aqueous phase is

presumed to exist. The following species are possible:

e Solids: CaS0O,, K;SO4, KNO3, KCI, MgSO,, Mg(NO3),, NaNO3, NaCl, NH;NO;, NH,CI

e Agueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCW3A is used, with the difference that

Ca(NOs), does not precipitate.

SUBROUTINE CALCWS5

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of Mg(NOs), and NH;NO;. The following species are

possible:

e Solids: CaSO,, K;SO4, KNO3, KCI, MgSO,4, NaNOs;, NaCl, NH,;NO;, NH,CI
e Agueous phase: Present when nitrates exist or when RH = MDRH, not present when RH <

MDRH.
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The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCW1A. The

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII.

SUBROUTINE CALCW5A

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of Mg(NO3), and NH4NO;. An agueous phase is

presumed to exist. The following species are possible:

e Solids: CaS0O,, K;SO4, KNO3, KCI, MgSO,4, NaNO3, NaCl, NH;NO3, NH,CI

e Agueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCWHA4A is used, with the difference that

Mg(NOs3), does not precipitate.

SUBROUTINE CALCW6

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of NH4NO3z and NaNOs. An agueous phase is presumed

to exist. The following species are possible:

e Solids: CaS0O,, K;SO4, KNO3, KCI, MgSO,4, NaNO3, NaCl, NH,CI

e Agueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCWS5A is used, with the difference that

NH;NO; does not precipitate.
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SUBROUTINE CALCW7

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of NaNO; and NaCl. The following species are

possible:

* Solids: CaSO4, KzSO4, KNO3, KCl, MgSO4, NaCI, NH4C|

e Aqgueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCWS is used, with the difference that

NaNO; does not precipitate.

SUBROUTINE CALCWS8

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is between the DRH of NaCland NH,CI. The following species are possible:

e Solids: CaSO4, KzSO4, KNO3, KCl, MgSO4, NH4C|

e Agqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCW? is used, with the difference that

NaCl does not precipitate.

SUBROUTINE CALCW9
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This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is between the DRH of NH,Cl and KCI. The following species are possible:

e Solids: CaSQ,, K;SO4, KNO3, KCI, MgSO,

e Aqgueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCWS8 is used, with the difference that

NH,CI does not precipitate.

SUBROUTINE CALCW10

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is between the DRH of KCI and MgSO,. The following species are possible:

* Solids: CaSO4, KzSO4, KNO3, MgSO4

e Aqgueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCW9 is used, with the difference that

KCI does not precipitate.
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SUBROUTINE CALCW!11

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of MgSO, and KNOj. The following species are

possible:

* Solids: CaSO4, KzSO4, KNO3

e Aqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCW10 is used, with the difference that

MgSQ, does not precipitate.

SUBROUTINE CALCW12

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when
the relative humidity is between the DRH of KNO; and K,SO,. The following species are

possible:

* Solids: CaSO., K,SO,

e Agqueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCW11 is used, with the difference that

KNO; does not precipitate.
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SUBROUTINE CALCW13

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich,
calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when

the relative humidity is above the DRH of K,SO,. The following species are possible:

* Solids: CaSO,

e Aqgueous phase: Present.

The iterative solution algorithm of SUBROUTINE CALCW12 is used, with the difference that

K>SO, does not precipitate.

SUBROUTINE CALCMDRH, CALCMDRP

These subroutines are called when the solution is in a mutual deliquescence relative humidity
region. The solution is assumed to be the weighted mean of two states; the “dry” solution
(SUBROUTINE DRYCASE) and the “saturated liquid” solution (SUBROUTINE LIQCASE).

SUBROUTINE CALCMDRH is used for forward, and CALCMDRP for reverse problems.

SUBROUTINE CALCMR

This subroutine calculates the aerosol water content from the ZSR correlation.

SUBROUTINE PUSHERR

This subroutine saves an error message in the error stack.

SUBROUTINE ERRSTAT

This subroutine reports error messages to unit “10”.
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SUBROUTINE KMFUL

Calculates binary activity coefficients by Kusik-Meissner method. Performs real-time

calculations.

SUBROUTINE KMTAB

Obtains Kusik-Meissner binary activity coefficients from precalculated tables. The computations
have been performed for a wide range of ionic activities and temperatures. SUBROUTINE
KMTAB does not access the activity coefficient tables itself but rather calls the appropriate

SUBROUTINE KMXXX (XXX being a temperature) to obtain the data.

SUBROUTINE KM198, KM223, KM248, KM273, KM298, KM323

Obtains Kusik-Meissner binary activity coefficients from precalculated tables, for a given
temperature (e.g., KM198 is for 198K and KM223 is for 223K). The computations have been
performed for a wide range of ionic activities, and the results are stored in lookup tables. These
tables are initialized by BLOCK DATA KMCF198, KMCF223, KMCF248, KMCF273,

KMCF298, KMCF323.
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