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Abstract-75 Word Maximum _10_anticipate problems associated with the operation of

cooling towers (i.e. scaling or corrosive behavior of the water), two indices

are commonly used. These are the Langelier and Ryzner (aggressive) indices.

The program will calculate values for both based on either a full or partial

water analysis.

Necessary Accessories: HP-41 requires 1 memory module or quad memory. Card Reader

and Printer Plotter are helpful,
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PROGRAM DESCRIPTIONI  ruei a7

Program Title Saturation pH - Calculation of Langelier and Ryzner Indices

Contributor's Name ___Ronald L. Dielman

140 Birchdale Road

Address .

Ohio/USA Zip Code 355!

City State/Country

Perrysburg

L+ . .
Program Description, Equations, Variables __1he _program prompts for CA , total alkalinity,

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

. . . + : - ++ =
analysis is available it prompts for Ca , total alkalinity, Mg , SO, , total

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

CACO,, except TDS - mg/L (ppm), system pH and water temperature. The following

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

pHs = (pky - pkg) + pCa + pAIK

Larngelier Saturation Index (L.S.l.) = pHa - pHs

Ryzrar Saturation Indes (R.S.l.) 2(pHs) - pHa

A (AT) (C032)
where pHa = System pH; pHg = Saturation pH; Ky = (HCO3'S

and Ks = (Ca*™*) (C03=)

HP41 requires 1 memory module or 1 quad memory module. Card Reader

and Printer Plotter helpful.
Operating Limits and Warnings _Strict interpretation of results left to user. Program does

Necessary Accessories

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

range of system 32 to 140°F.

Reference(s) J.R. Hefler, "Determination of Saturation pH by Hand Calculator',

Materials Performance, April, 1983, 20-22,

Thig program has beeo verified only with respect to the numercal exampie given in Program Descripnon if. User accepts and uses this program materniai AT HIS OWN RISK, in rebance solely upon s own
inspection of the program matenal and without reliance upon any representation or description concerning the program materniat.

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 CONNECTICN WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM MATERIAL
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Sample Problem (Sketch if Desired)

Example 1 Example 2 (Balanced Water Analysis)
Ca 132 ppm as CaCO . 5 o
Total Alkalinity IOZ ppm as CaCO3 Water Temp. F 55
Temperature 5°F System pH 7.62
TDS 296 mg/L (ppm) By Analysis (ppm)
(Total Dissolved Liquids) Total Alkalinity 107
System pH = 7.62 Ca 132 S0, 53
Mg 51.5 cl 30.3
Note: This example does not have a Na 21.6 NO3 14.8
balanced water analysis. See
example two for that computation. Total Cations Total Anions
205.1 205.1

o unou

SOLUTION:

Display Input Function Comments

_ Example #1 o ) [XEQ) Size 017 |Minimum Size
cAt as CaCOg . 7 | 132  |LXEQY PHS
Total Alkalinity .2 | ... 107 . . .

R/S

Bal H20 Analysis 1l Fyes . o . . | R/S . .. . ) SR
TDS in Mg/L 20 | . . 296... .. R/S . .. .. |Total water analysis not availablg
Water Temp, in "F ? 5 . | RIS

Syster: pH 7 7.62 | R/S

L.S.1.=-0.35 - "Isolution for Langelier __
CaCO3 Dissolves ¢~ . | saturation Index

RS, =8,31 | ot |solution for Ryzmar
Corrosive e v | saturation Index .
EXEQB Size 017 | Minimum Size

R XEQJ PHS R
Example #2 e e

e T e S T - I I TE 3
Total Alkalifiity 2 | 107 | R/s | T o
Ba] Hy0 Analysis 1 F vyes 1 . R/S. . e
Mg™* AS CaCO, 7 . 51.5 R/S | .
S04 = As CaCly 7 53.0 | R/S
Total Cations~or .
Anions ?0 205.1 R/S
Water Temp, in “F 7 55 R/S
System pH 7.62 R/S

L.S.1. ='-0.34 » v ) ~ Isolution for Langelier
.CaC03 Dissolves o o Saturation Index . . .
RS = 8.30 ' ; |solution for Ryznar R
Corrosive ) . , Saturation . Index . .. . . .




USER INSTRUCTIONS

Page 3 of

SIZE:
(HP-41C)

STEP

INSTRUCTIONS

INPUT

FUNCTION

DISPLAY

Enter The Program

[xe] size 017

r.s. 1.

2 Begin The Program [XEQ] PHS
3 Enter Analytical Data
3a | Example 1 - Short Analysis - .
(See Page 2) Ca
§ R Alkalinity
Balanced? (0=NO) 0
B | 7108
g o OF
pH
‘ép Example 2 - Balanced Analysis N hwgg
. (see Page 2) Alkalinity
Balanced? (I=Yes) 1 ) S
S .. r1g
S0
- S . 3 ) e e— -
. _|cationsorf \ One Step, | _
Total
e |Anions | } Either/Or |
°F
L Solutions Displayed L.S,I. =




PROGRAM LISTING

Oe7 097 J4c

STEP/ KEY CODE
LINE KEY ENTRY (67/97 only)
Gl+_ Bl “FHE
B2 CF Gga
gz a
B4 STO 15
83 5
as STO 16
ar g
g8 "Ca++ AS
CaCoz= 7=
99 PROMPT
16 S7T0O Gi
i1 B
12 “TOTHAL R
LK. HAS*®
13 "+ CaCaoZ
?u
14 PROMPT
15 STO B2
16 @
17 "BRL. H:Z
O ANAL.

18 "F7? 1=%YE

19 PROMFT

28 XKrFa7?

Z1 GTO B85
22 B

23 "TDs IH
MG~AL 2=

24 PROMFT
2% 5Ta a3
26 B

27 GTO G5
Z8+LBL a5
29 "ML AsS C
acg3 7o

38 PROMFT
31 5TO 12
32 @&

33 504 HAS
CaCco3 7=~

34 PROMFT
35 STO 13
3o B
“TOTHL C
ATIONS O~

38 "R RHHIDO
HEs 7~

39 PROMFPT
48 570 14

37

Page b of
STEP/ KEY CODE
COMMENTS LINE KEY ENTRY  (67/97 only) COMMENTS
{ 41 B Determination of
‘ 42 RCL 14 a Calculated
43 Z TDS Value
Neutral Value 45 & :
4% RCL @i
Neutral Value 45 +
47 RBCL iZ2
48 +
ca' ' ppm. 49 RCL 13
i SE o+
: 51 .4
52
: 53 STO G2
Alkalinity ppm S4+LEBL 85 o
59 "WRTER T Temp. F
EMF IH D=
S "FEGKEEELS
E e
5S¢ PROMFT
S8 S5STO G4
Total Cation, 29 o
Anion Analysis? &8 "SYSTEM
PH 7~
&1 PROMFT
B2 STO @69
63 8
&4 RCL 61
65 RCL @z ;
56 #* |
703 ppm &7 LOG | o
62 STG &85 ' Determination
69 RCL @4 | Temp.> 77 or
e ¥7 <77 °F
i -
¥ xAL@avw
++ & GTo o1
Mg ppm 74 RCL @4
TS .gae315
T ok
7Y ROCL a3
S0, = ppm ‘g +
9 STO @ao
Sa STO 82z
S1+LEL 81 Temp. & 77°F
22 3F 8a
" Total of Only 23 RCL @4
Cations or Anions 54 .waldz
85
g RCL @5
87 +
28 5TO @5
89+ BL @z

Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for specific information on keystrokes. The Function Index is found at the very back of the Handbook. Refer to Appendix E in
67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes.




PROGRAM LISTING

Page 5 of 7

067 97 3 41C
STEP/ KEY CODE STEP/ KEY CODE
LINE  KEYENTRY (67/97 only) COMMENTS KEY ENTRY  (67/97 only) COMMENTS

268 RCL a3z 138 kbt

o1 LOG E L R

22 .1a 139 avIEgl

93 * id8 PSE

94 ST B85 141 CF 1=

a5 FS7? o Determination of 142 anpy

98 GTO 83 which constant to - 143 = - B

97 RCL G& add to temperature’ ..

98 12.27 T>77 + 12.27 144 AVIEN

99 + T <77 + 12.65 14 [pvY

166 STO a7 i4c ROCL 1@ |

i1 GTO &4 147 L. S. I r

1az«L.BL A3 . = - ;

i3 RCL a5 142 ARCL =

184 12.55 i49 AVIEH

165 + 158 FPSE

186 STO a7 i51 < @8 = Determiniation of

iag7+LBL G4 EUTRAL >- depositing or

1808 RCL @y 152 AVIEW dissolving

189 RCL a5 153 PSE characteristics

118 - 154 ADY

111-5TO 85 155 RCL 15

112 RCL 85 136 X>¥7?

113 FIZ 2 157 GTO &7

114 STO B& 158 “CasCOZF D

113 RCL 89 EPOSITS"

116 RCL B8 159 AYIEW

117 - ieda FSE

118 S7TO0 16 el GTO A&

119 RCL &5 lez+LEL @7

128 Z 163 “CaCio32 I

121 =* ISSOLYES™

122 RCL G2 164 AVIENW

123 - 165 PSE

124 ST 11 166+LBL @8

125 SF 12 167 HDV

126 " skskksEkkk Printing and/ 158 - . Jrogen

e o4 e K o or viewing of o e ok

127 RAVIEW results 1569 AYIEW

128 FPSE i78a ADY

iz9 - caoix 171 RCL 11

HG " 172 "R. 5. I

136 AVIEHW L = o

131 S5E 172 ARCL ¥

122 ¢ HWATE i74 AVIEY

| S 1735 PSE !

132 AVIEW 176 "< &= HE

i34 PSE UTRAL >- ‘

135 AMALY 177 AVIEKW

SIS 178 PSE

135 AVIEW 179 aAnpYy

137 PSE i88 RCL 186

Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE " for specific information on keystrokes. The Function index is found at the very back of the Handbook. Refer to Appendix E in
67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE " for exact keystrokes




PROGRAM LISTING Page 6 of 7

Oe7r Q97 Sa1C

STEP/ KEY CODE STEP/ KEY CODE
LINE KEY ENTRY  (67/97 only) COMMENTS LINE  KEY ENTRY  (67/97 only) COMMENTS
igi g};g?ﬁﬁ ) ;Determi'nat fon Of i ok o o o o e ok e o e o o A
= 7 ‘corrosive or i COOL I NG . )
183 "CORROSI 'scaling tendencies. L’;;%é;h |f printer is
VE™ ‘These are similar i:”iﬁi_g._‘_ - UST? Ehe results
. : HHLY S L= wi e as
igg 2;::EM to steps 155163 e ok s ok ok Aok sk ko shown at left.
i86 GTO 18 FREE
187+LEBL @< ’
188 "SCHLING C sy = g
189 AVIEW L { % = KEUTRAL »
- | \

ig? ::_'g._'; 18 CaCd3 DISSOLYES
192 AYIEW C e 1= na
1oa BDY | ‘ ¢ 6= HEUTRAL >
196 ADY N
1 9? HD‘-" CORPOSIVE
198 anv e
199 .EHD. s

30 80

40 90

50 00

Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE™ for specific information on keystrokes. The Function index is found at the very back of the Handbook. Refer to Appendix E in
67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes.
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS

STATUS

“ Water Temp In

Ca’t

> Total Alkal infty e s s

size 017
ENG
DEG

102

SCt
GRAD

TOT. REG.
FIx 6
RAD .

ON

USER MODE

oFf X

e 408 S R T e 0

o e w

FLAGS
SET INDICATES

INIT
# SIC

CLEAR INDICATES

Log (ATkalinity X CaC03)

00 C_OoF&77_

7

06 Log (TDS) x.owjowmwwm e . e
07 Log (TDS) x 0.10 O
ﬂ:ﬁ~2 65|f or g5y orlZ 7 B M -
o if OFk77 , . .
'Qg;rLog (A]kallnlty X CaCOB) - R T
09 Sys terff*f ﬁ?v,'“",‘ L . . - .
‘O:NPH§ 5 §ﬂ$, S - .
11 2(pHs) - pHa - N
12 Mgt e
1350y = -
1 Total Cations_o?iAnjqns """"""" ) -
15 L.S.1. Neutral Value 0 -
16 R.S.I. Neutral Value 6 | 7
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
N/A
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