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PROGRAM DESCRIPTION I Page 1 of 7 

Program Title Saturation pH - Ca1cu1at ion of.J:..ang~l ier and Ryzner Indices 

Contributor's Name. Ronald L. Die1man 

Address. 140 Birchdale Road 

City Perrysburg State/Country Oh i o/USA Zip Code 43551 

. ++ 
Program Description, Equations, Variables The erogram eromets for CA 2 total a 1 ka 1 i nit 'i. z 

total dissolved solids, water temperature and system pH or if a balanced water 

++ ++ = analysis is ava i 1 ab 1 e it prompts for Ca , total a 1 ka 1 i nit y , Mg , SO!! , total 

cations or anions, water temperature in of and system pH. Units are in ppm as 

CACO~, except TDS - mg/L (ppm) , system eH and water temeerature. The fo11owins 

equations as described by J.R. Hefler are used for calculations: 

pHs = (p k2 - pks ) + pCa + pAIK 

Langelier Saturation Index (L.S. I.) = pHa - pHs 

Ryzn3r Saturation Indes (R.S.I.) = 2(pHs) - pHa 
{HTJ (C032) 

where pHa = System pH ; pHs = Saturation pH; K2 = ( HC03- ) 

and Ks = (Ca++) (CO~=) 

Necessary Accessories HP41 requires 1 memory module or 1 quad memory module. Card Reader 
and Printer Plotter helpful. 

Operating Limits and Warnings. Strict intereretation of results left to user. Program does 

not check input data. pH of system must be in the 6.5 - 9.5 range. Temperature 

range of system 32 to l40oF. 

Reference( s) J.R. Hefler, "Determination of Saturation pH by Hand Calcu1atorl~ 
.. -- -

Materia 1 s Performan~~~ 1983 2 20-22. -

ThiS program has beeo ver.tled only Wtth respect 10 the numerICal eKample gl\len In Program DescnptlOn II. User accepts and uses thIS program matenal AT HIS OWN RISK. In reliance sotety upon he. own 
Inspection of the program matenal and wtthout rehance upon any representabOf"l 01 descrtptlon concerrnng the program matenal. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS PROGRAM MATERIAL. INClUDING. BUT NOT liMITED TO. THE 
IMPLIED WARRANTIES OF MERCHANTABilITY AND FITNESS FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE liABLE FOR INCIDENTAL OR CONSEOUENTIAL 
DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING. USE OR PERFORMANCE OF THIS PROGRAM MATERIAL 

I--------------------~--------------------------------- .------~-~----------=~.~~---------
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PROGRAM DESCRIPTION II Page 2 of 7 

Sample Problem (Sketch if Desired) 

Example 1 
Ca 
Tota 1 A 1 ka 1 in i ty 
Temperature 
TDS 
(Total Dissolved 
System pH 

= 132 ppm as CaC03 = 106 ppm as CaC03 = 55 F 
= 296 mg/L (ppm) 
Liquids) 
= 7.62 

Nvte: This example does not have a 
balanced wate~alysis. See 
example two for that computation. 

SOLUTION: 

Display 

'+ EX9mp 1 e #l __ 
m

,, ___ • 

CA +§I~ CaC03 .. _} 
Total A1kalJnity1 
Ba1 H20 Analysis 1. 
IPS in Mg/~ "')0" 
W~ter Temp. in F 1 
Sys~.~:: pH ? 

L.s~I. -= -0.35 
CaCOiDi ss() 1 ves 

R:S.I. ";'--8.31 
Corros'i ve 

Input 

·-.i·~2·~·­

.. 107 
o 

296 
55 .... 
}.62 

Example 2 (Balanced Water Analysis) 

W of 5r.° ater Temp. ,., 
System pH 7.62 

By Analysis (ppm) 
Total Alkalinity 107 

Ca 132 S04 53 
Mg 51.5 Cl 30.3 
Na 21.6 N03 14.8 

Total Cations 
205.1 

Total Anions 
205.1 

Function Comments 

~ . , ".,' . , ~',",,"""" .-. "' 

SQlutipnfoCL9ngelier ____ _ 
Saturation Index 

€XEQ.) S i ze017 . 
XEQl PHS ...... . 

Examp1e'/n 
CA++ As CaCO l' ... 
Total A1kali~it~ 1 
Bal H20 Analysis 1 
Mg++ AS CaCO 1 
S04 = As caCd3 ? 
Total Cations or 

Anions 10 
Water Temp. in F 1 
System pH 

L.S.I. = -0.34 
CaC03 Dissolves 

RSI = 8.30 
Corrosive 

yes 

132 
107 

1 
51.5 
53.0 

205. 1 
55 

7.62 

Rls" 
R/S 
RIS .. 
R/S 
R/S 

RIS 
R/S 
R/S 

Solution for Lan'gelier 
Saturation .Index 

So 1ution for Ryzl1.ar 
Saturation Index 
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USER INSTRUCTIONS 

STEP INSTRUCTIONS 

Enter The Program 

2 Begin The Program 

3 EnterAnalytical~ata. 

3a. E.?<.~.ITlPJ.~ .. _L:- ... Sh~r.t Ana}ys. i s -

(See Page 2) 
"'~"""_""""N"''''N' "0" .~ _. ,. ~"... "_',N' ..... N •. ~.~~" ", ,,_" N • 

Balanced? (O=NO) 

3b _~~.~!~ .. 2 - Balanced Anal is 

INPUT 

Ca 

Al ka lin i t 

o 

TDS 

pH 

Ca 

Al ka 1 in i t 

FUNCTION 

[xEQ] Size 017 

[XEQJ PHS 

. ___ (S.~e .P.ag~.?J . __ " 
, ·'·"'''~''Mh __ .~._."_,,,,~ .. ",",,,, '""'"",">~"""'_'A' ,," ","" ........ "'"-"",,, ...... _,"",... 

____ ~_§ll a~c~9L .. ( !=y ~s) 

pH 

4 Solutions Displayed 

SIZE: 
(HP·41C) 
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I. 
PROGRAM LISTING 

067 097 )(41C 

STEPI KEY CODE 
LINE KEY ENTRY (67197 only) 

01*LBL "PHE 

02 CF 0~1 

03 0 
04 STO 15 

COMMENTS 

Neutral Value 

05 6 Neutral Value 
06 STO 16 
07 0 
08 "Ca++ I=IS 
CaC03 ?" 
e9 PROt1PT 
10 STO e1 
11 €I 
12 "TOTI=IL 1=1 

LI<. ~S .. 
13 "J- CaC03 
?" 
14 PROt-1PT 
15 STO 02 
16 0 
1 7 "BI=IL. H2 

o I=INI=IL. 
18 "J-? l=· .... E 

.-~ " . .. :J 

19 PROMPT 
2e x>e? 
21 GTO e5 
22 €I 
23 "TDS IH 

MG/L ?" 
24 PROMPT 
25 STO 03 
26 €I 
27 GTO 06 
28*LBL 05 
29 "MG t=lS 

aC03 ?I.I 
3121 PROt'lPT 
31 STO 12 
32 €I 
33 "S04 I=IS 

CaC03 ?. 

34 PROMPT 
~C" 

..!o ..... STO 13 
36 €I 
~""7 

..!of "TOTI=IL 
I=ITIOHS 0" 

C 

C 

38 "J-R I=INIO 
NS ?" 

39 PROt1PT 
4121 STO 14 

++ 
Ca ppm. 

i A 1 ka 1 i nit y ppm 

Total Cation, 
Anion Analysis? 

TDS ppm 

Mg
++ 

ppm 

504 ;:: ppm 

Total of Only 
Cations or Anions 

STEPI KEY CODE 
LINE KEY ENTRY (67197 only) 

41 0 
42 RCL 14 
47 -' 2 
44 :+: 

45 RCL 01 
46 + 
47 RCL ~ --. 

~.:::.. 

48 + 
49 RCL i "7 ... -' 
50 + 
51 .4 
c-.-. 
_I tC. *' 53 STO 03 
54*LBL e6 
55 "WI=ITER T 

Et1P IN D" 
56 "J-EGREES 
F -~. II, 

57 PROt1PT 
58 STO 04 
59 121 
60 "SYSTEt1 

PH ?" 
61 PROt'lPT 
62 STO 1219 
63 €I 
64 RCL 01 
65 RCL 1212 
66 *' 
67 LOG 
68 STO 05 
69 RCL 04 
70 77 
71 
72 X<0? 
73 GTO 01 
74 RCL 04 
75 .0e·315 
76 *' 
77 F':CL 05 
78 + 
79 STO e5 
80 GTO 02 
81*LBL 01 
82 SF 0e 
83 RCL 1214 
84 .121142 
85 :+: 

86 RCL 1215 
87 + 
88 STO 1215 
89*LBL 1212 

Page 4 of 7 

COMMENTS 

Determination 
'a Calculated 
TD5 Value 

Temp. of 

Determination 
Temp.> 7"6 or 

<.77 F 

of 

Note: Refer to ·'HP·41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for specIfIC InformatIon on keystrokes. The Funchon in:lex IS found al the very bad< 01 the Handbook, Reier to Append,X E In 
67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keyslrokes, 
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j. 
I 

PROGRAM LISTING Page 5 of 7 

o 67 0 97 (] 41 C 

STEP! KEY CODE STEP! KEY CODE 
LINE KEY ENTRY (67/97 only) COMMENTS LINE KEY ENTRY (67!97 only) COMMENTS 

ge RCL C'I~ 
, 

- -::. 138 "*:****** 
91 LOG :t:*:**:*: .. 
9--' ..:.. .11'21 139 A'·,.. I El-l 
Q~ -..::. * 140 PSE 
94 STO 06 141 CF 12 
95 FC-? 00 Determination of 142 AIl ... ·• ....... -
96 GTO 03 which constant to .. 143 .. :t::f: 
9-" ,- RCL e6 add to temperature ***" 
98 12.27 T>- 77 + 12.27 144 AV I E~..j 
99 + T<77 + 12.65 145 AIIV 

lee STO 1'217 146 RCL 10 
101 GTO 04 147 ··L. S. I 
102*LBL 03 = 
103 RCL 1'216 148 ARCL .~ .. . ~ 
104 12.65 149 AVIEW 
105 + 151'21 PSE 
106 STO 1'217 151 "< 0 = H Determiniation of 
le7*LBL 1'214 EUTRAL > .. depositing or 
108 RCL 1'217 152 AVIEW dissolving 
109 RCL 05 153 PSE characteristics 
l1e 154 AIIV 
111 .. STO 05 155 RCL 15 
112 RCL e5 156 X }'y'? 
113 FIX "=' L.. 157 GTO 07 
114 STO 1'218 158 "CaC03 D 
115 RCL 1'219 EPOSITS" 
116 RCL 08 159 AVIEJ..~ 
117 160 PSE 
118 STO 10 161 GTO e8 
119 RCL 08 162*LBL 07 
120 2 163 "CaC03 Ii 
121 * ISSOLVES" 
122 RCL 09 164 AVIEW 
123 165 PSE 
124 STO 11 166*LBL 08 
125 SF 12 167 AD\-, 
126 "******* Printing and/ 168 " ** 
*****" or viewing of :-1<** " 
127 AVIEW results 169 A··.··IEW 
128 PSE 170 AD\-, 
129 .. COOLI 171 RCL 11 
NG" 172 "R. ;--

..::10. I 
130 AVIEW = 
131 PSE 173 ARCL >:: 
132 .. WATE 174 AV I EJ..~ 
R" 175 PSE 
133 A ..... IEW 176 "< 6= tiE 
134 PSE UTRRL > .. 
135 " RNRL'l 177 AVI EJ..J 
SIS" 178 PSE 
136 RVIEW 179 RDV 
137 PSE 181'21 RCL 16 

Note: Refer to "HP-41C OWNt:R'S HANDBOOK AND PROGRAMMING GUIDE" lor speoflc InformallOn on keystroltes, The FunctIon In:lex IS found at the very back of the Handbook, Refer to AppendIX E on 

67 or 97 "OWNER'S HANDBOOK AND PAOGAA~~~NG G_UIDE" lor exact ke.

y:=-____ . ___ .. __________ . _ .. __ ._ ... ____ ____ ___ I 

j. 
I 
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o 67 0 97 (] 41 C 

STEP! KEY CODE STEP! KEY CODE 
LINE KEY ENTRY (67/97 only) COMMENTS LINE KEY ENTRY (67!97 only) COMMENTS 

ge RCL C'I~ 
, 

- -::. 138 "*:****** 
91 LOG :t:*:**:*: .. 
9--' ..:.. .11'21 139 A'·,.. I El-l 
Q~ -..::. * 140 PSE 
94 STO 06 141 CF 12 
95 FC-? 00 Determination of 142 AIl ... ·• ....... -
96 GTO 03 which constant to .. 143 .. :t::f: 
9-" ,- RCL e6 add to temperature ***" 
98 12.27 T>- 77 + 12.27 144 AV I E~..j 
99 + T<77 + 12.65 145 AIIV 

lee STO 1'217 146 RCL 10 
101 GTO 04 147 ··L. S. I 
102*LBL 03 = 
103 RCL 1'216 148 ARCL .~ .. . ~ 
104 12.65 149 AVIEW 
105 + 151'21 PSE 
106 STO 1'217 151 "< 0 = H Determiniation of 
le7*LBL 1'214 EUTRAL > .. depositing or 
108 RCL 1'217 152 AVIEW dissolving 
109 RCL 05 153 PSE characteristics 
l1e 154 AIIV 
111 .. STO 05 155 RCL 15 
112 RCL e5 156 X }'y'? 
113 FIX "=' L.. 157 GTO 07 
114 STO 1'218 158 "CaC03 D 
115 RCL 1'219 EPOSITS" 
116 RCL 08 159 AVIEJ..~ 
117 160 PSE 
118 STO 10 161 GTO e8 
119 RCL 08 162*LBL 07 
120 2 163 "CaC03 Ii 
121 * ISSOLVES" 
122 RCL 09 164 AVIEW 
123 165 PSE 
124 STO 11 166*LBL 08 
125 SF 12 167 AD\-, 
126 "******* Printing and/ 168 " ** 
*****" or viewing of :-1<** " 
127 AVIEW results 169 A··.··IEW 
128 PSE 170 AD\-, 
129 .. COOLI 171 RCL 11 
NG" 172 "R. ;--

..::10. I 
130 AVIEW = 
131 PSE 173 ARCL >:: 
132 .. WATE 174 AV I EJ..~ 
R" 175 PSE 
133 A ..... IEW 176 "< 6= tiE 
134 PSE UTRRL > .. 
135 " RNRL'l 177 AVI EJ..J 
SIS" 178 PSE 
136 RVIEW 179 RDV 
137 PSE 181'21 RCL 16 

Note: Refer to "HP-41C OWNt:R'S HANDBOOK AND PROGRAMMING GUIDE" lor speoflc InformallOn on keystroltes, The FunctIon In:lex IS found at the very back of the Handbook, Refer to AppendIX E on 

67 or 97 "OWNER'S HANDBOOK AND PAOGAA~~~NG G_UIDE" lor exact ke.

y:=-____ . ___ .. __________ . _ .. __ ._ ... ____ ____ ___ I 
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067 097 ~41C 

STEPI KEY CODE 
LINE KEY ENTRY (67197 only) COMMENTS 

STEPI KEY CODE 
LINE KEY ENTRY (67197 only) COMMENTS 

181 >~ >"'I~? 
, 

of! ,Determination :+:**:+: :t:** ***:t::-\-: 
182 GTO 09 • corrosive or COOLING If printer is 183 "CORROSI iscaling tendencies. WRTER used the results VE" These are similarr Rt-':RL 'r'!::; I:; will be 184 ~VIEW l55-l63.~ 

as 
to steps ***********:+: shown at 1 eft. 185 PSE I , I 

186 GTO 10 ! 
I **If.** 187*LBL 09 I 
! 

188 "SCa::ILING I S. , = -~.35 .. i _ . .L. 

<: a = HEUTRAL \ 

189 ~VIEW 
, 

I I 

190*LBL 10 
I 
I 

DISSOLYES 191 ~DV CaC03 

192 .. ** 
I 
! 

***** ***" 
193 ~VIEW R. r· ! 8.31 

~DV 
,:). !. = 194 

< 6= iiEUTRtlL '. 

195 ~DV / 

196 ~DV CORROSIVE 197 ~DV 
198 RDV 

***** 
I 

199 .END. 

.~- ., I 
! , 

30 80 

1--

I 

I , 

! 

40 90' 

_. 

-
-- --_o-

j 
50 I 00 

Nol.: Refer 10 "HP·41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE" fo< specific Informallon on keyslrol<es. The Function In:lex IS lound at the very bad< of the Handbool<. Refer to AppendIX E In 
67 0< 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" 10< exact keystrokes. 
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067 097 ~41C 

STEPI KEY CODE 
LINE KEY ENTRY (67197 only) COMMENTS 

STEPI KEY CODE 
LINE KEY ENTRY (67197 only) COMMENTS 

181 >~ >"'I~? 
, 

of! ,Determination :+:**:+: :t:** ***:t::-\-: 
182 GTO 09 • corrosive or COOLING If printer is 183 "CORROSI iscaling tendencies. WRTER used the results VE" These are similarr Rt-':RL 'r'!::; I:; will be 184 ~VIEW l55-l63.~ 

as 
to steps ***********:+: shown at 1 eft. 185 PSE I , I 

186 GTO 10 ! 
I **If.** 187*LBL 09 I 
! 

188 "SCa::ILING I S. , = -~.35 .. i _ . .L. 

<: a = HEUTRAL \ 

189 ~VIEW 
, 

I I 

190*LBL 10 
I 
I 

DISSOLYES 191 ~DV CaC03 

192 .. ** 
I 
! 

***** ***" 
193 ~VIEW R. r· ! 8.31 

~DV 
,:). !. = 194 

< 6= iiEUTRtlL '. 

195 ~DV / 

196 ~DV CORROSIVE 197 ~DV 
198 RDV 

***** 
I 

199 .END. 

.~- ., I 
! , 

30 80 

1--

I 

I , 

! 

40 90' 

_. 

-
-- --_o-

j 
50 I 00 

Nol.: Refer 10 "HP·41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE" fo< specific Informallon on keyslrol<es. The Function In:lex IS lound at the very bad< of the Handbool<. Refer to AppendIX E In 
67 0< 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" 10< exact keystrokes. 
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS 

DATA REGISTERS 

Ca 

02 J~·ta !~A 1 ka 1 i nr~y 

09 System pH . 

1 0 . pHa :- .pHs 

1 1 2 (pHs)-pHa 

12 Mg++ 

13 SO, = 
<,'. 'f 

14 Total Cations 

15 L.S.I. Neutral 

16 R.s.l. Neutral 

or Anions 

Va1lJe 0 

Value 6 

SIZE 017. 
ENG X 
DEG 

FUNCTION 

N/A 

STATUS 

TOT. REG. 102 USER MODE 
FIX.§ SCI ON OFF X 
RAD. GRAD 

FLAGS 

ASSIGNMENTS 
KEY FUNCTION KEY 

... c , .,. 
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13 SO, = 
<,'. 'f 

14 Total Cations 

15 L.S.I. Neutral 

16 R.s.l. Neutral 

or Anions 

Va1lJe 0 

Value 6 

SIZE 017. 
ENG X 
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FUNCTION 
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STATUS 

TOT. REG. 102 USER MODE 
FIX.§ SCI ON OFF X 
RAD. GRAD 
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ASSIGNMENTS 
KEY FUNCTION KEY 
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