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Preface

Volume 2 of "Computer progfams in use in Water Quality Division"
describes the programs used to calculate the results of chemical analysis
of water, the programs used to type¥out a complete report of such an analysis
and, finally, a program used for calculating concentrations from a digitized

recorder chart. Volume 1 is described in the list inside the back cover.




Computer Programs in Use in the
Water Quality Division, Vol. 2

A. DEMAYO

1. BALANCE CALCULATION -

1.1. Programs ADO0009 and ADO010
'1.1.1. Abstract

These programs are used mainly to check the analytical results of
chemical analysis of water. The checking is done by calculating the
difference between the sum of anions and the sum of cations. “They also
calculate several other parameters, as described below in Section 1.1.3.

1.1.2. Input data

The input parameters are listed in Table 1.1. The order is that in
which they must be entered in the computer, and it follows the order in
which these parameters appear on laboratory form IWB-WQD-1600-3 (1). If one
of the values is not available a zero is entered. :

The different values in input are separated by a blank, or by a
comma. An example of a set of input data is given at the top of Figure 1.1.

TABLE 1.1

Input Parameters

Symbol in the

Number Parameter Program Unit
1 Sample number Sp integer number
2 Conductance (at 25°C) c micromhos/cm
3 Alkalinity-Phenol AP mg/1 CaCOj
4 Alkalinity-Total AT mg/1 CaCOj
5 Total hardness TH . mg/1l CaCOs3
6 Calcium CA mg/1
7 Sulphate SF mg/1°
8 Silica , ‘ SI mg/1
9 Sodium NA mg/1
10 - Temperature T °c
11 pH PH pH units
12 Chloride CL mg/1
13 Fluoride . . LF mg/1
14 Nitrate + Nitrite NI mg/1

(as nitrogen)




1.1.3. Qutput data

Thg parameters appearing in the output, the symbols denoting them
and tbe units in which they are expressed, are listed in Table 1.2.  They
are’d?scussed individually below. To save memory space, some of the symbols
used in the input are also used for output; in this way, some symbols may
denote two or more different parameters. This is allowed as long as the
?alculation of the various parameters carrying the same symbol do not
interfere with each other. ' ‘

) It should also be noted that the abbreviations used to represent
various parameters on the typed output are not always identical to the
symb01§ used in the program. The abbreviations on the typed output
approximate the chemical symbols of the various parameters when possible.

A typical output from Program AD0009 is reprodﬁced in Figure 1.1.
An output from Program AD0010 is reproduced in Figure 1.2. The same input
data have been used in both instances. -

Sample number (SP). This is the same number which was entered as the first
value of the input parameters and is used for identification purposes only.

Carbonate (CR), Bicarbonaté (BI), Hydroxide (OH) are calculated from the
values of phenolphthalein alkalinity (AP) and total alkalinity (AT) (2),
(Statements no. 2.17, 2.20, and 2.22)

(i) When AP S AT/2 : BI (mg/l HCO3~) = 1.219 (AT - 2AP)
CR (mg/l CO3~~) = 1.2 AP
0

B OH (mg/1 OH-)

(ii) When AP > AT/2 : BI = 0
CR = 1.2 (AT - AP)
OH_= 0.3399 (2AP - AT)

The me/1 (milliequivalents per litre) values are obtained for each
parameter calculated above by multiplying by appropriate factors (3) in the
formula:

me/l = mg/1l x £

wheie the factors f are:

BI 0.01639
CR 0.03333
OH 0.05880

Magnesium (MG) is calculated from the values of total hardness (TH) and
calcium (CA), (Statement no. 2.07): ‘

MG (mg/1 Mg) = 12.16 (0.01988 TH - 0.0499 CA)

This method assumes that the total hardness results only from
calcium and magnesium hardnesses.

To obtain the value in me/1l, the value in mg/1 obtained above is
multiplied by 0.08226.




TABLE 1.2

Output Parameters

Symbol in the

Number Paramete?f Program Units
1 Sample number Sp " integer
2 Carbonate CR mg/1l and me/1
3 Bicarbonate BI mg/1 and me/1
4 Hydroxide OH mg/1 and me/1
5 Magnesium MG mg/1 and me/1
6 Sulphate SF me/1
7 Chloride CL me/1
8 Fluoride LF me/1
-9 Nitrate + Nitrite NI me/1
10 Calcium CcA me/1
11 Sodium, and NA me/1
12 per cent sodium %
13 Potassium K me/1
14 Sum of cations SI me/1
15 Sum of anions S2 me/1
16 Percent difference DI %
(see text) :
17 Non-carbonate hardness H mg/1 CaCO;
18 Sodium absorption ratio, and SA - '
19 Saturation index pH units
20 Sum of constituents, and SM mg/1
21 Sum of constituents/con-
ductance
22 Free carbon dioxide Cco mg/1
23 Stability index SB pH units

NOTE: The abbreviation me/l1 stands for milliequivalents per litre, For
dilute aqueous solutions at room temperature me/1 is approx1mate1y
equal to epm (equivalents per million) i.e., gram-equivalents per
10% grams of solution.

Sulphate (SF), Chloride (CL), Fluoride (LF)J Nitrate + Nitrite (NI), Calcium
(CA), Sodium (NA), and Potassium (K). These parameters are obtained in terms
of me/1 from the respective values in mg/l multiplied by a factor f:

me/1 = mg/1 x £

where f is (3) (Statements no. 2.30 to 2.33):

. SF 0.02082
CcL 0.02821
LF 0.05264
NI 0.07143
CA 0.04990
NA 0.04350
K 0.02557




Sum of Cations (S1) and Sum of Anions (S2) are calculated from_the following

relations. (Statement no. 2.40):

S1
S2

CA+ MG + K+ NA
CR + BI + SF + CL + LF + NI + OH

where all parameters are in me/l.

Per Cent Difference (DI) is obtained from (Statement no. 2.42):
DI = 100 (S1 - S2) / (81 + S2)

This parameter is the main check on the quality of the analysis. In
the current practice of Water Quality Division, the analysis must be checked
very closely for errors if the absolute value of DI is above 3; a special
case occurs when not all of the parameters which enter in the calculation of
DI are measured. Generally, if no special reason for a value above 3 is
found, the analysis is repeated.

Non Carbonate Hardnggs'(ﬂ) is calculated from the values of total alkalinity
(AT) and total hardness (TH). (Statements no. 2.44 and 2.45).

0
TH - AT

(1) if TH < AT then H
(ii) if TH 2 AT then H

Sodium Absorption'Ratio (SA) is calculated using the formula (Statement

no. 2.47)

SA = 1.41 NA / (CA + MG)Z
where NA, CA, and MG are in me/l.

Saturation (SA) and Stability (SB) Indexes. The saturation index is

calculated from (4) (Statement no. 2.65):

Saturation index = pH - pHg

_or in terms of symbols used in the program:

SA = PH-K

K (or pHg) is the hypothetical pH which a given water”must have,
without any other changes in composition, to be in equilibrium with calcium
carbonate. If K > PH, it indicates that the water is undersaturated with
CaC0j3.

L
pHe = pKy - pKs - log[Ca*™] - log[Alk] + 9.30 -+ 2.5u (1+5.3u2+5.5u) " !

where: pK, (in the program represented by the symbol NA) is the negative

logarithm (base 10) of the second dissociation constant of
carbonic acid.

pKs (K) 1is the negative logarithm of the solubility product constant
of calcium carbonate.

[Ca**] (CA) is the calcium concentration expressed as mg/1 (or
ppm) Ca.

[Alk] (AT) is the total alkalinity expressed as mg/1 (ppm) CaCOs.

u (R) is the ionic strength of the solution.




The value of pKo is calculated from (6) (Statement no. 2.62):
pKo = 2902.39T"1 - 6.498 + 0.02379T

where T is the temperature of testing, in kelvins.

The value of pKg is obtained from (4,7) (Statement no. 2.60):
pKs = 8.37 - 2 (830/T - 2.78)

where T is the temperature at testing, in kelvins.

The ionic strength, u, is calculated from (5) (Statement no. 2.54):
u = 0.000025 SM

where SM is the sum of constituents, in mg/1l.

The values of [Ca**] and [Alk] are both input values as CA and AT,
respectively. )
The stability index (SB) is obtained from (8) (Statement no. 2.65):
Stability index = pHg - pH

where the symbols have the same significance as before.

Sum of Constituents (SM) is calculated by using the following expressions,
(Statement no. 2.24): : ,

SM =CA+ MG+ NA+ K+ CR + BI/2.03 + SF + CL + LF + 4.429 NI + Si + OH
where all the symbols represent the various ions in mg/l. .

Sum of Constituents/Conductance = SM/C
is calculated in (Statement ho. 2.54):

Carbon Dioxide Free is obtained from (9) (Statement no. 2.56):

CO, free = 9.7 x 10!0 [H*] LAlk/SOOOO + [H*] - 10-1* [H+]] x
[1 +11.22 x 10-11 / [H+]'1] '

where [H*] is the molar concentration of hydrogen ions and [Alk] is the
total alkalinity.

1.1.4. The computer program

The listing of Program AD0009 is reproduced in Figure 1.3. The
program is written in FOCAL-69 (10) and is used by Water Quality Division
on a PDP-8/L computer with 8K of memory. Because the FOCAL language is
compatible with all PDP-8 series computers, the program can be used with
any of the computers belonging to this series. The computer time required
to calculate one set of data will be the only thing which will differ from
computer to computer.



Program AD0009 requires 8K of memory and the extended functions.
On a PDP-8/L, 70 seconds is required for a complete calculation, i.e., from
the time the last input value is entered until the value of the stability
index (the last output value) is typed out.

In Figure 1.4, a similar program is given. This program, AD0010,
can be used on a PDP- 8 series with only 4K of memory and extended functions
deleted. The time required to complete a calculation is again 70 seconds
on a PDP-8/L.

The main difference between the program listed in Figure 1.3 and
that of Figure 1.4 arises from the fact that the logarithm and exponential
functions used in the calculation in the latter program are calculated by
the program itself instead of being part of the compiler.

The logarithm function is calculated from (10) (Statements no. 5.05
to 5.50): ’

LOG (X) = LoG (2N.F) = N.LOG (2) + LOG (F)

6
0.69315N + ] A;(F-1)1
i=1

where 1 <F <2 and X>1
When 0 < X < 1 use the identity:
LOG (X) = - LOG (1/X)
A; = 1; A, = 0.5; Az = 0.3317; A, = 0.2407; As = 0.167654; Ag = 0.09533.

The exponential function is calculated from (10) (Statements no. 2.51
to 2.54):

oX = pX.10g2e _ ,1.442695 X _ N*F _ N SF
where N is an integer, 0 < F < 1, and x > 0.

2F=1+ 2F
A-F+BF2 -

€ __
D+F2

where A = 9.9546; B = 0.03466; C = 617.972; D = 87.417

When x < 0, the following identity is used:

x _ 1
ex
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Figure 1.1. Program AD0009 - Input and Output

*G

$32 0 :0 0.4

SAMPLE NUMBER= 2598

CALCULATED VALUES (PPM) 3

€03 = 0.9 MG= 25.5
HCO3= 393.7 : '

OH = D.0

CONSTITUENTS C(EPM) &~

C03 = 2.0000 CA= 78343
HCO03= . 644534 MG= 2.0964
S04 = 2.1236 NA= D522
cL = B.9027 K = .0102
F = ?.0000

NO3 = D.0000

OH = 0.0000

SuM OF CATIONS 9.9931

SuM OF ANIONS 94797 DIFFERENCE

NON CARBONATE HARDNESS = 174.0

SODIUM ABSORPTION RATIO (SAR) = 0.0

2 SODIUM =~ @.5

SUM OF CONSTLTUENTS (PPM) = 523.2

"SUM OF CONSTITUENTS/CONDUCTANCE = B.50
SATURATION INDEX = 1.3 STABILITY INDEX=s

12598 1050 :@ 2323 497 157 :1@2 11«1 212 :22.3

tBel

2.64 %




Figure 1.2. Program AD0010 - Input and Output

*G
$2598 :1050 :0 :323 2497 2157 102 111 :1.2 :22.3
232 0 :0 :0.4
SAMP«NO. = 2598

CALC. VAL.-PPM :

Co3 = B.0 MG= 25.5
HCO3= 393.7

OH = Q.0

CONST . -EPM ¢

C03 = 0.0000 CA= 78343
HCO3= 6+4534 MG= 2.0964
S04 = 2.1236 NA= P.0522
CL = D.9027 K = 0.0102
F = 2.02000 o
NO3 = 0.0000

OH = B.0000

SC .= 9.9931

SA = 92797

DIF.= 246363 %

N=-CARB+HRDN. = 174.00

SUM CONST.=-PPM = 523.14

SUM CONST«/CONDe.= @.50

SAR = p.o2

Z NA = - D52

coe = 4.91

SAT«+INDX. = 1.29

STAB« INDX. = 5.52




*W

Figure 1.3. Program AD0009 - Listing

C-8K FOCAL €1969

22.04
B2.85
P2.87
B2.09
22.11
@217
22.20
R2.22
P2.24
B2.26
?2.30
P2+ 31
P2. 32
9233
B2.36
P2.37
22038
P2 48
B2. 42
P2+ 43
P2+ 44
B2+ 45
P2+ 46
02. 47
D248
02.50
@2.54
P2.56
22.58
B2.60
P2+62
0263
B2.64
P2+65
P2.66
02.70
*

mHmmmmm—!mm-—l—!m-—imm-—lmw-—n-—a-—lmmmm—lmmmw-)—imbm

SP:C:AP:AT:TH:CA:SF:SI:NA:T:PH{CL:LF:NI:K
MG=12+16%(TH*PB+B1998~CA*B+0499)

11"SAMPLE NUMBER"s%245SP»!!,"CALCULATED VALUES (PPM t, !

" MG*» %6 EI:MC

(AP-AT/2)2. 2@:2 20+ 2.22

BI=CAT-2%AP)*1.2193S CR=AP*1.23S OH=@3CG 2. 24

BI=03S CR=1.2%(AT-AP)3S OH=(2%AP-AT)*B. 3399
SM=CA+MG+NA+K+CR+B1/2.03+SF+CL+LF+NI*4.429+SI1+0H

#7C03 "sCRs» '5“HCO3"»RI»!"0H '">0H

CA=CA*B.B34993S MG=MG*0.0822635 NA=NA*B.B435

K=K*0.825573S CR=CR*B.03333;5 BI=RI*0. B1639

SF=SF*@.020823S CL=CL*%0.028213S5 NI=NI*@.07143
LF=LF%0.0526435 OH=0H*@.05883T !!"CONSTITUENTS CEPM) 35!
"CO3. "»7%29.045CR> " CA"»CA» !'5"HCO3"»RBI»" MG MG !

S04 "sSFa" NA">NA»!»""CL "sCL," K "sKs!

"E Y, LFs15"NO3 "sNI»!>"0H "»0H,!

S1=CA+MG+K+NA3S S2=CR+BI+SF+CL+LF+NI+0OH
DI=C(S1-S2)*10B/(S1+S2)3T ! SuUM OF CATIONS - "5S1,!

"SUM OF ANIONS ",52," DIFFERENCE ", %4e@22D1s" ZVs !
H=TH=-AT3I (H)2¢45,2446524 46

H=0

1 *"NON CARBONATE HARDNESS "s%Z4+01sHs!
SA=1+41*NA/FSQTCCA+MG) 3 S NA=100*NA/S]

1SODIUM ABSORPTION RATIO (SAR) ", %5.0155A5 !

"g SODIUM *s%5.81,NAs'5"SUM OF CONSTITUENTS (PPM) 'y SM
H=FEXPC(=PH/D.4343)3S R=SM*2SE=-63S SM=SM/C3S T= T+273.15
CO=9.7TE1B%H%C(CAT/5E4+H-1E~-14/H)/(1+11. 22F-11/H))

1"coe *,C0Os!'s*'SUM OF CONSTITUENTS/CONDUCTANCF "y %6025 5M
K==8+37+2%(830/T-2+78)

NAZ2902¢39/T~60 498+0P2379%T
KzK+NA-FLOG(CA/DB«P499)/2.3026-FLOG(AT)/2.3026+9.3
K=K+2+5%FSQTCR)/(1+5.3%FSAT(R) +5+ 5%R)

SA=PH=-K3S SB=2%K-PH

t"SATURATION INDEX “y%4e@D15SASY STABILITY INDEX™»SRs!!1!!
2.04

10
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Figure 1.4. Program AD0010 - Listing

C~-FOCAL,» 1969

P2.084
22.05
P2.07
02.09
P2.11

P2.17"

02.20
P2.22
02.24
02.26
22.30
P2.31
P2.33
P2. 36
B2.37
02.38
02. 40
P2.43
B2. 44
02+ 46
22.47
22.50
P2.51
P2.52
P22.54
P2.56
P2.60
02.63
g22.71
P2.72
P2.75

B5.05
25.10
#5.15
25.308
85.31
05.35
05+ 40

25.50

*

4(007m(n07m(nuawtn-4w-4u74-4-lmtnU7H(nU7m-~thn:>m

hunmnhnnrunn—-unuwn

SPsCsAP»ATs>THsCA»SF>SI>sNAsTsPHsCLLFsNISK
MG=12.16%(TH*B.01996-CA%0D.0499)

VIMSAMEeNOe "5 %45SP>!115,"CALCe VALe~-FFM 2,1

v MG"» Z5.815MC

CAP=AT/2)2:2052.2052.22

BI=(AT-2%AP)*1.2193S CR=AP*1.23S OH=036G 2.24

BI=03S CR=1.2%(AT~AP)3S OH=(2*AP-AT)*@. 3399 }
SM=CA+MC+NA+K+CR+BI/2.03+SF+CL+LF+NI%* 4+ 429+S]I+0H -
#"C03 "sCR»!'5"HCO3"sBI»!'5»"0H ",0H3S NI=NI*.087143
CA=CA%* 049955 MG=MC*.082263S NA=NA*.B4353S SF=SF*.@2082
K=K*«e@25573S CR=CR*.033333S BI=«01639%RI3S CL=CL*.02821

LF=LF*.@52643S OH=+@588%0H3T !!"CONST.-EPM 2"»!
''CO3 "»%B«D45CRs" CA",CA»!5"HCO3"sRI," MG s MG, !
S04 *'HSF." NA"sNA» !s*CL "sCL>»" K *sKs!

“F “sLFs!5'"NO3 “sNI»!5"0OH *s0H»!3S S1=CA+MG+K+NA

S2=CR+BI+SF+CL+LF+NI+0H3S DI=(S1-S2)*1P@/(S1+S52)

1'"SC  '"sSlsls SA *5S25!,"DIF."sDI,* %"

H=AT~TH3I (H)2.463S H=0

1 1""N-CARB+«HRDN. s ZBeB2,-Hs!5"SUM CONST+=PPM ", SM,!
SP=SM/C3T '"SUM CONST./COND.'"sSPs!3S SA-!.41*NA/FSQT(CA+MG)
NA=100*NA/S13T !"™SAR '"»SAs!5"%Z NA '"sNA,! ’

K=PH/ 434335 S1=FITR(K*1.,442695)3S S2=K*1.442695-51
S2=1+2%52/(9.9546-S2+.B3466%S212-617.972/(B7+417+5212))

'52=52*%21513S H=1/523S R=SM*25E-<63S SM=SM/C3S T=T+273.15

SI=9. TE10*H*((AT/SE4+H=-1E=-14/H)/C1+11.22E-11/K))

K==8+37+2%(830/T-2.78)3S NA=2902.39/T=64498+.02379%T

T=CA/.84993D 53S CA=C3S T=AT3D S3S AT=C :

K K+NA=CA/2.3026~-AT/2.3026+9.33T 1"C02 *,S1
SK+2.5*FSQTC(R) /(1 +5. 3*%FSAT(R)+5.5%R) 3S SA=PH-K3S SB= 2%K-PH
'“SAT INDXe *"sSAs»!5"STAB.INDX. "5SBs!!113C 2.04

‘A=131 (1-T)S541055.503S T=1/T3S A--I
_C=03S S2=2

(T/52-1)5.3055.403S S2=5S2%#23S5 C=C+136G 5.15
LF=T/(2¢C)=13S T=LF-.5%LF12+.3317%LFt3-.2407%LFt4
T=T++167654%LF*5-.99533%LF 16

C=A%(C*+69315+T)3R

T=03S C=C+136 S5.35

C=@;3R

11



2. QALQULATION'OF CONCENTRATION FROM AUTOANALYZER CHARTS.

2.1. Program ADOOI11
2.1.1. Abstract

This program calculates by the least squares method an expression
which fits; within preset limits, a series of X-Y points (X = concentration;
Y = peak height) corresponding to a series of standard solutionms.

After having done this, the program calculates from this expression
the respective concentration of water samples using the experimentally
measured peak heights.

The program is useful for calculating the results of automated
chemical analyses such as those from the AutoAnalyzer. The program requires
that the X-Y values be entered in a digital form via Teletype key-board or
punched paper tape.

2.1.2. Method

The points corresponding to the L1 standard solutions are fitted by
the least squares method to an expression of the form: .

-
[

= I Bifin 1]} _ ceee (D)
1=0 .

L 1,2,3; or 4

where Y is the peak height and X is the concenttation in mg/la

The standard deviation is calculated from:

. _ o .

(1 S 2 ,

sD = |} [(Yjlobs) - Yj(calc)]z/(Ll-L) A A vere (2)
j=1 '

The relative standard deviation is obtained from:

L1 . o -
] Yj(obs) S ceee ()
=1

RSD = SD x L1 x 100 /
J

RSD is then compared to L5; L5 is an input variable which sets the
level for the desired "Precision of fitting" in per cent.

Notice in Expression 1 that relations with up to five adjustable
coefficients are tried to fit the standard points. If any of thesé expressions
fails to fit the data within the preset limit, i.e., RSD > L5, then the
program offers two options: the first option is to use as the standard curve
the last calculated expression, i.e., the one with five adjustable coefficients;
the second option is to abandon the calculation entirely. The choice is
made by answering with the proper number (1 or 2), via Teletype keyboard,
to the program query (see Figure 2.3).
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. The number of standard peints, L1, the corresponding concentrations,
Xy, and the corresponding peak heights, Y;j, are all input values. This gives
the program-a certain degree of flexibility since it can be used with any
sets of standards.

After the standard curve has been calculated, the program goes on to
calculate the concentration of the unknown samples. - In this step, Y, the
peak height, is entered. The corresponding concentration is found by first
solving an equation of the form (for L=4):

Bo + B1Z + Bpz2 + B3z3 + B,z - Y =0 : - veer (8)
where Z = 1n(X+1)

The largest real positive root is assumed to correspond to the
concentration being sought. Only concentration values which fall within
the range of the standard solutions are typed out. For those values which
fall outside these limits, explanatory messages are typed out.

. Various expressions have been considered in the present work for
calculating the standard curve. Ideally, a plot of concentratlon vs peak~
height would give a straight line:

Y = By + BX R _ S ' ceee (5)
For various reasons this is not so, ‘éspecially ovér a wide range of
concentration values (1,2). Published papers use second and third degree

polynomials (1,2,3,4):

Y

Bp + ByX + B,X2 ' : cee. (6)

Y

Bg + BiX + BpX? + Bax® | N )
to fit data obtained by atomic absorption.

In the present work besides Expressions (5) to (7), the following
Expressions have been tried for use as standard curves:

Y = By + BjX + ByX2 + B3X3 + B,X" o | eee. (8)

Y = By + B)X + ByX2 + BgX3 + ByX* + BgXS cees (9)

Y = By + BIn(X+1) + B1n2 (X+1) ‘ | .. (10)
Y = By + ByIn(X+1) + By1n2(X+1) + Byln3(X+1) : PPN ¢ )
Y = By + Bjln(X+1) + Bo1n2(X+1) + B3ln3(Xx+1) + Byln(X+1) .... (12)‘
InY =By + ByX + BpX2 + Bgx® ceee (13)
In Y = By + BjX + ByX2 + BX3 + ByX* e, (14)
In Y = By + ByIn(X+1) + BpIn2(X+1) + B3ln3(X+1) . (i5)

In Y = By + BjIn(X+1) + Bpln2(X+1) + B3ln3(X+1) + ByIn“(X+1).... (16)
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Expressions (5) to (16) have been tested with actual experimental
data obtained in a Water Quality Division Laboratory. Such a set of standard
points is given in Table 2.1. These points correspond to a series of standard
solutions for sodium analysis by flame photometry using Technicon AutoAnalyzer
equipment. The points were fitted by the least square method to the above
expressions. The computer programs used for this have already been
described (5). The results obtained are given in Table 2.2. Expressions
of the type (10) - (12) gave the best results and therefore they have been
chosen for further use as standard curves.

The baseline is assume& to be a straight line:
Y=TT + SLxXV .. (A7)

The values of TT and SL are calculated by the computer from several
Y,V input points.

TABLE 2.1

Concentration and Peak Height Values for Calculatihg the Standard Curve

X Y
No mg Na/l sol'n. Relative Units
1 1.x10-6 2
2 1 96
3 2 180
4 4 342
5 8 616
6 10 739
7 15 989
8 25 1354
9 30 1517
10 40 1795
11 60 2175 -
12 80 2446
13 ' ___100 2642
TABLE 2.2

Results Obtained from Various Expressions used for the Standard Curves.

Expression No. of Adjustable IY(obs) - Y(calc)| Standard Deviation (SD)

No. Coefficients Min Max

(5) 2 29 411 288
(6) 3 3.5 125 97
(7 4 5.7 55 42
(8) 5 1.3 30 . 21.0
9 6 0.3 21 12.2
(10) 3 3 45 24.3
11) 4 0 33 23.6
(12) 5 1.8 19 10.5
(13) 4 39 1375 833
(14) 5 23 1435 783
(15) 4 0.7 630 785
(16) 5 0.1 220 134
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2.1.3. Inpu;rdata

In the Water Quality Division, the recorder charts from the Technicon
AutoAnalyzer are digitized at present by using a D-Mac Pencil Follower, :
essentially a table with a reading pencil and an electronic console. The

X and Y origins of the reading table are set at its bottom left hand corner.
‘The chart to be digitized is placed face-up on the reading surface. The
desired points of the chart are digitized by placing the point of the reading
pencil at the respective position followed by the depressing of a readout
switch. These operations cause the co-ordinate location of the reading
pencil to be passed from the electronic console to. the output unit. In our
case the output unit is a Teletype ASR-33. The data are punched onto a paper
tape which is processed off-line by the present program. ,

On the paper tape, the first group of numbers represent baseline
points. This group is identified by numeral "-1'" (minus one) at the beginning
and "-2" at the end. A minimum of two baseline points are necessary for the
program to be able to calculate the baseline expre551on (17). Usually, four
points are digitized on the base line.

The second group of numbers represents the peak heights of the
standard solutions. This group of points is identified by a "-3" at the
beginning and a '"-4" at the end.

The  third group of numbers is made up of the peak height of the
water samples. This group of numbers is indicated by a "-5" in front and -
‘a "-6ﬂ'at the very end. After this the input data can follow any pattern.
For example, if a new set of standards follows the first set of samples,
this new set is indicated by a "-3" followed by the actual points and a
"-4" at the end. This new standard curve is used for the subsequent
caleculations until a new one is calculated. The same thing is valid for
the baseline. At any point, the baseline can be reset by digitizing several
“points on the new baseline and indicating ‘them by a "-1" and a "-2" at the
beginning and end, respectlvely The "indicators" are summarized in
Table 2.3. ‘

TABLE 2.3

Program ADOO1l Indicators

) Indicator
Type of Reading ‘ Beginning End
Baseline -1 -2
Standards for standard curve ) -3 -4
Samples -5 -6
New chart ' -7

The contents of such a tape are reproduced in Figure 2.1.

Before the punched paper tape containing the digitized data from the
recorder output starts to be read, the following input variables must be
entered:

(i) Recorder Chart Number (symbol RC). This variable has only an
identification role; it is not used in any calculation.
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(ii) Number of standard solutions used for calculating the standard curve,
including the zero concentration (symbol L1).

(iii) The concentration of the standard solutions (in mg/1) in the same
order in which they appear on the recorder chart (usually in the order
of increasing concentration).

(iv) The frequency of standards, i.e., how»many'samples are to be run
before a standard is run (symbol J9). -

) The desired precision of fitting (symbol LS5).
2.1.4. Qutput data

Typical outputs are reproduced in Figures 2.2 - 2.6.

The output consists of the coefficients of the standard curve, a
table of Y(obs) and Y(calc) values for the standard solutions, the standard

deviation and, finally, a table with the results for the unknown samples.

2.1.5. The Computer program

A listing of the computer program is reproduced in Figure 2.7.

: The program is written in FOCAL-69 for a PDP-8/L-8K computer, and
goes through the following sequence of operations:

(i) | Calculation of the base line. The points corresponding to the
baseline readings are fitted to a straight line [Expression (17)].
(Statements no. 4 and 5).

(ii) The calculation of the standard curve, (Statements no. 2, 3, and 6).
The Y values (peak heights) after being read in, are corrected for
the base line offset. This correction is done by subtracting from
the actual Y reading the Y (same V value) calculated from Expression
17).

Then, the X (concentration), Y (corrected peak height) points
are fitted to relations of type (1). The starting value of L is
unity. This is increased a unit at a time until RSD [Expression 3]
becomes smaller or equal to "Precision of fitting" or, until L equals
4, If in this latter case, RSD is still greater than '"Precision of
fitting", the two options described in Section 2.1.2 are offered.

The coefficients of Expressions (17) and (1) are calculated by
the least squares method. The subroutine solving the system of linear
equations, which leads to these coefficients, is contained in
Statements no. 14 and 15.

(iii) The calculation of unknown concentrations. In this part of the
program the V and Y values (peak height) corresponding to the actual
samples analysed are read in, and corrected for the baseline offset.
Then, an Expression of type (4) is formed, solved, and the concentra-
tion calculated from the largest positive root.
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As explained in Section 2.1.2, only concentrations within the range
of concentrations of the standard solutions are considered. If the values
obtained fall outside this range, a warning message is typed out. Messages
are also typed out when no real root, or when no positive real root is
found. After calculating one sample, the program goes on to the next. In
this way, any number of samples can be calculated without using a large-
sized, computer memory.

After every J9 unknown sample (recall that J9 is an input parameter),
a sample of known concentration is run for checking the analytical procedure.
This sample is processed in the same way as the unknown samples. It is up
to the analyst to compare the calculated result with the known value and to
decide whether or not the analytical system works within specifications.

At any point the baseline can be reset and/or the standard curve
recalculated from a new set of standard solutions.

The program performs a series of check operations. These can be
divided in two main groups. The first group, which includes the checks on
how the calculation proceeds, were mentioned before:

(i)  Compare RSD with LS.

(ii) Compare the calculated concentration with the two extreme concentra-
tions of the standard solutions.

(iii) Check for negative or imaginary results.

In any of these cases, if a calculated value is not as expected,
a message is typed out and the calculation continues with the exception of
(i) at which point the operator has the option to abandon the calculation
altogether.

The second group contains the checks on the input data. The main
difference between this group and the first one is that if something is
found to be wrong by one of these check steps, then the calculatlon is
abandoned entirely. This group contains:

(iv) Check for the number of standard points entered. If this does not
correspond to the expected number (L1), a message is typed out.

) Check for the indicators. If the indicators are not in the right
order (Table 2.3) a message is typed out.

(vi) If, by mistake, J9 has been entered as a negative number, the
calculation is stopped.

(vii) Finally, a last and very important check is to see if the standard
_curve has its maxima or minima within the concentration range of the
standard solutions. This check is done immediately after the
standard curve has been calculated.

The 1st derivative of the standard curve [(Expression (1)] is
calculated from: .

Y1 [1n(x+1)]i-1 eo.. (18)

i}
il 1t

i
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and then equation

L o . .
'21 iB; [In(x+1)]3-1 =0 cee. (19)
1= ~ .

is solved. If one or more of the L roots has a real value which is within
the concentration range of the standard solutions, i.e., if

O<X<XL1

a message and the concentration value at which maxima (minima) are occurring
are typed out and the calculation is abandoned (see Figure 2.5).

Patches to FOCAL-69 compiler. To obtain the outputs shown in Figures 2.2 -
2.6, series patches to the FOCAL-69 compiler are necessary (6,7). They are
listed in Table 2.4.

TABLE 2.4

Patches to FOCAL-69 Compiler

(Octal Numbers)

No. Scope » Location 0ld Content New Content
1 Suppress colon sign in input 1217 4551 7600
2 Suppress equal sign in output 6002 4551 7600
3 Suppress the typing of input data 2163 ' 4551 7000
4 Read punched paper tapes (program, 0063 2676 1354
data) without creating an "input- 0064 2666 C - 2414
buffer overflow" 2732 6001 5336
2762 6046 7000

2.1.6. References
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8741
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6711
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4261
3465
2540
2141
5822
7630
6712
5680
5189
a27¢
3559
3855
2242
-21
2297
8578
7653
6729
1587
0590
2140
1372
D449

1427
1432
1635
1665
1754
2585
1532
1452
2566
1854
2563
2753
1058
1122
1922
0748
99217
2730
2726
BT86
8722
@585
2833
1587
2651
2817
8716
9914
1149
1863
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Figure 2.1.

1876
8641
8238
1222
6611
5483
4981
3958
3250

2431

1536
2731
7215
6605
5493
5088
4070
3447
2543
2121
0699
Q440
8348
7417

~B4
1278

-26

=02
1137

-6

1466
1483
1900
2089
1937
1442
1864
1507
1741
1487
2784
2705
1469
1301
2772
08 48
2737
1839
1094
1795

2551
B9 40
1855
-85
0724
-1
-85
1864

Program AD0011 - Input

-g2
8540
8145
7117
6502
5388
4585
3861
3154
2333

d 413
1832
7118
6512
5388
4980
3967
3256
2445
1512

5698
8117
7186
2187
1049
2165
2049
2911

7375 1391

-3
1537
2397
1816
1457
1744
260¢
1497
1987
1572

-21
689
1194
2816
1270
1180
2788
1081
2728
1993

0642
1142
2241
2806
B717
P914
1136
1059
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8934

-g2
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6413
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4561
3866
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-6

-@2
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1967
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6313
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-85
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1552
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-3
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B752
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1425
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8771
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FPigure 2.2.

RECORDER. CHART NUMBER=

NUMBER OF STANDARDS =

1

CONCENTRATION OF STANDARDS @

-omqo«u-'bum-

G.0R
0.01
2.02
B.04
2.06
.08
0.10
2.20
0.40

A STANDARD SOLUTION IS RUN AFTER EVERY

PRECISION OF FITTING ¢(%)

= 3.0

CALCULATION OF THE STANDARD CURVE

COEFFICIENTS:

B¢
B(C
B(C

NO.

VRO ND WM~

MEAN (MEASURED) PEAK KEIGHT

13
2)
3

Q.422562E+01
D+2568T2E+B4
0.130811E+84

CONCENTRATION
STANDARDS

0.00
@01
.02
004
D06
9.08
2.10
Q.20
.40

STANDARD DEVIATION

RELATIVE STANDARD DEVIATION (%)

SAMPLE CALCULATION

NO.

[N S AT B g

oo

10

12
13
14
15

16
17
18
19
20

21
22
23
24
e5

26
27
28
29
38

31
32
33
34
35

36

STATUS

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

STANDARD
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

UNKNOWN
STANDARD
UNKNQWN
UNKNOWN
UNKNOWN

UNKNOWN
UNKNOWN
STANDARD
UNKNOWN
UNKNOWN

UNKNOWN
UNKNOWN
UNKNOWN
STANDARD
UNKNOWN

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
STANDARD

UNKNOWN
UNKNOWN
UNKNGQWN
UNKNOKN
UNKNOKN

STANDARD

HEIGHT
MEASURED
9
2717
696
421
1293

354
S35
Sa

9
1171

27
326
200
1108
440

1171
- 202
16
69
58

16
1122
294
539
20

397
29
12
91
1181

1314
7
276
694
421

1294

Program AD0011 - Output

S SAMPLECS)

HEIGHT HEIGHT a3 ¢
MEASURED CALCULATED
Q.5 4¢3 = 4.8
33+ 4 29.9 3.5
59.0 55.6 3¢ 4
19846 1070 17
. 1613 158+ 4 2.9
283.9 209.7 - 5.8
25645 260.9 - 44
520.2 S16.1 452
1215.9 101646 - 0.7
= 262.1
= 47
= 1.8
CONCENTRATION
CALCULATED
0.00
2e11
Be27
P16
WARNING: CONC. VAL. HIGHER
Be.14
B.21
0.02
?.00
WARNING: CONCs VAL. HIGHER
Ge01
0.13
@.08
B.04
217
WARNING: CONCe VAL. HIGHER
Q.08
2.1
B.23
B2
2.a1
WARNING: CONCe VALe HIGHER
Bet1
2.21
Be01
0.15
2.01
QB4
2.83
WARNING: CONC» VAL. HIGHER
WARNING: CONCe. VALe HIGHER
B.00
g.11
Be27
D.16
WARNING: CONC. VAL+s HIGHER

20

FFERENCE
K4

9123
12.5

THAN HIGHEST

THAN HIGHEST

THAN HIGHEST

THAN HIGHEST

THAN HICGHEST

THAN HIGHEST

THAN HIGHEST®

STAND.

STAND.

STAND

STAND-

STAND.

STAND.

STAND.




) Figure 2. 3.
RECORDER CHART NUMRER= 1

NUMBER OF STANDARDS

= 9

CONCENTRATION OF STANDARDS :

NVRXRJIOUN A WD -

2.00
2.1
Ge?
Qe 4
Q26
0.@8
72.10
2.20
Q.49

Program AD0011 - Output

A STANDARD SOLUTION IS RUN AFTER EVERY 4 SAMPLEC(S)

PRECISION OF FITTING

(Z) = G5

CALCULATION OF THE STANDARD CURVE

THE STANDARD CURVE DID NOT FIT THE FXFERIMENTAL POINTS

WITHIN THE PRESET LIMITS WHEN USING 1ST-4TH DEGREE POLYNOMIALS.
OFTIONS : o
1.USE THE RESULTS OBTAINED WITH THE 4TH DEGREE POLYNOMIAL TO CONTINUF
THE CALCULATION
2.STOP THE CALCULATION
OPTION CHOSEN ? i

COEFFICIENTS:
B( 1) = Be¢11644pE+01
BC 2) = @.307383E+24
BC 3) =-0.977927E+04
BC  4) = Q.684358E+825S
BC  5) =-P.118534E+26
NOe. CONCENTRATION HEIGHT HEIGHT DIFFERENCE
STANDARDS MEASURED CALCULATED %
1 2.00 - BeS 1.2 = 1.7 328.2
2 .01 33«4 3C.9 2+6 7.7
3 0.02 59.8 S8.7 2.3 2+5
4 BeQ4 128.6 1185 - 1.9 - 1e7
5 Be06 1613 159.3 2.0 1.3
6 2.08 203+9 2069 - 2.9 = le4
s P10 2565 25448 1.8 Be7
8 B.20 5202 52€.3 - B - Q.0
9 D40 18015.9 1015.9 Ze D0
MEAN (MEASURED) PEAK HEIGH = 262.1°
STANDARD DEVIATION ' ’ = 2.8
RELATIVE STANDARD DEVIATION (%)= 1.1
SAMPLE CALCULATION
NO. STATUS HEIGHT CONCENTRATION
MEASURED CALCULATED
1 UNKNQOWN 9 200
2 UNKNOWN 277 Pe11
3 UNKNOWN 696 Be26
4 UNKNOWN 421 0«17
S5 STANDARD 1293 WARNING: IMACINARY RESULTS!!
6 UNKNOWN 354 .
7 UNKNOWN 535 2.21
g UNKNOWN S4 Q.02
9 UNKNOWN 9 P00
10 STANDAKD 1171 WAKNING: IMAGINARY RESULTS!!
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Figure 2.4. Program AD0011 - Output
RECJORDER CHART NUMRER= 3

NJMBER 0OF STANDARDS = 7

CONCENTRATION OJF STANDARDS 3
BeAR

1.89

4493

12.29

15.9%
2B.A%
QSOQ\”

~NON D WD

a STANDARD SOLUTION IS RUN AFTER EVERY 0 SAMPLECS)

PRECISION JF FITTING (%) = 3.9

CALCULATIDN OF THE STANDARD CURVE

COEFFICIENTS: v
BC 1) = B.272145E+92

BC 2) = A.131950E+33
B¢ 3) =-0.534218E+22
B( A4) = B.49B4T5E+02
N CONCENTRATION HETGHT HEIGHT DIFFERENCE
STANDARDS MEASLRED CALCULATED i %
1 DDA 308 272 - 3eb 11.5
2 1920 99.73 l®9u6 - 10.3 - 12. 4
3 4.99 320.6 339.% 115 36
4 12.730 1269 712371 2.3 B3
5 15.09 1933. 4 184408 = 11.5° = 1.1
6 2D« 3% 1337.7 134%.5 - 2.7 - B.2
7. . 25.32 16211 1614.9 7.1 e d
MEAN (MEASURED) PEAK HEIGHT = T133.4
STANDARD DEVI ATTION = 12.4
RELATIVE STANDARD DEVIATION (2= 1.7
SAMPLE CALCULATION
ND e STATUS HEIGHT CONCENTRATIOIN
. MEASURED CALCULATED
1 IJNKNDIWN 202 2e 42
2 UNKNOWN 39 Deld
3 UNKNIWN 203 WARNING: AFTER RASELINE NIRRECTIIN THE
MEASURED HEIGHT IS BELLOW THE BASELINE
5 TUNANDWAN 226 2.79
6 UNKNIWN 527 Tel2
7 UNKNDWAN 224 2.76
8 TYNKNDWN 150 10 49
9 NKNIWN 257 3.24
19 SINKNDW Y 111 1.02
UNANDWN 149 162
UNKNDWAN 139 1984
UNKNIOWN 140 DeBS
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Figure 2.5. Program AD0011 - Output

RECDEDI GHART MRERS 7
VIMBER IF S5TANDAZDS = )

CONCENTRATI AN IF sTANDARDS ¢
1

4eAi%
2 D edR
3 Beld
4 a4
o) e 4h
A Y ehil
7 BeRiA
o4 1943
9 26

A STANDARD SOLUTIOIN 15 RN AFTER EVERY 17 SAMPLECS)

PRECISION JF FITTING (7)) = 3.9

CALCULATION JF TAE STANDARD CURVE

COEFFICIENTS:
BC 1) =-0.2192398+42

IN THE CONCENTRATIOIN RANGE IF STANDARD SILUTIINS @

1 CONCENTRATIOnN= 1.63 - HEIGHT CALCHLATED=

.THE CALCULATION 15 STIPRED
*

23

BC 2) = De1¥767115+94

3C 3) = D3.130431E+44

BO  4) ==2.1807469E+94

N CONCENTRATIIN AEIGHT . HEICGHT NIF

CSTANDARDS MEASIIRED CALGULATED ,

1 9 oA - 177 - 219 11.2
2 AeR 113.9 1311 - 17.2
3 Beld 17445 1693 562
4 Ae29 352.2 3575 = 5.4
5 Dedi) . 69349 13243 - 3.9
6 Neb1) 13259 99949 14.7
7 DeAR 122942 1217.3 11.9
3 1.9 1365.% 138 4.3 - 18.4
9 2434 15057 1590 4¢9 145

MEAN (MEASURED) pPEAK HEIGHT = 71541

STANDARD DEVIATION = 15.6

RELATIVE STANDARD DEVIATION (%)= 2.2

FERFENGCE -
A
=19%4.%
e 151
e
- ‘O'i
- Aeh
145
1«4 |
- lo/l |
Dol

WARNING: STANDARD CURVE CALCULATED ARJIVE SHIWS 1 MAKIMA (MINIMA)

157919



Figure 2.6. Program AD0011 - Output

RECORDER CHART NUMBER= 1
NUMBER OF STANDARDS = 9

CONCENTRATION OF STANDARDS
D.00
.01
.02
.04
D06
.08
B.10
B.20
D40

OO NN WN -

A STANDARD SOLUTION IS RUN AFTER EVERY 5 SAMPLE(S)

PRECISION. OF FITTING () = 3.0
INDICATOR MISSING .
THE CALCULATION 1S STOPPED

*
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Fiqure 2.7. Proaram AD0011 - Listina
C-8K FOCAL €1969

1111 1"RECORDER CHART NUMBER="3A RC3T 2S,RC

T
01.86 S J7=@3S XC1)=1E-55T LIL“NUMBER OF STANDARDS =*3A L13T L1
B1.p8 T !1"CONCENTRATION OF STANDARDS ™! .
B1eB9 T " 1 "5A5:02,XC1IIF Js25L13T 15%3500" "3A XCJI)IT 25.02.XCD)
B1+12 T !1"A STANDARD SOLUTION IS RUN AFTER EVERY"3A J93T 22,J9
@1.21 T * SAMPLE(S)"!!"PRECISION OF FITTING (%) ="3A L53T 23.61,L5
81.22 F J2=1,L135 XCJ2)=FLOGIX(J2)+1)
0125 6 13.18
92.85 5 L=2
92.17 S5 N2=2#L-1
02.20 F J1=1,N255 SX(J1)=0
02.22 F J1=1,L3S YXCJ1)=0 ]
92.25 F J2=1,N2JF. J1=1,L135 SXCJ2)=SX(J2)+XCJ1)*1CJ2-1)
02:27 F J2=1,L3F JI=15L15S YXCJI2ISYXCI2I+YCIDI#(XCI1I1CJ2=1))
02:30 F J2=1,L3F Ji=1,L35 ACJ2+J1$L)=5X(J1+Cd2-1))
82.35 D '15.03S SD=03F J1=1,L13S YY=BC133D 8
82.86 S SD=FSQT(SD/CL1-L))31 (SD-SY$LS3/L1#100)2:99,2.993S LolL+1
02.87 1 (L-5)24175241752.90
82.90 T !"THE STANDARD CURVE DID NOT FIT THE EXPERIMENTAL POINTS"
62491 T !I"WITHIN THE PRESET LIMITS WHEN USING 1ST-4TH DEGREE *
82.92 T “POLYNOMIALS«"»!,"OPTIONS 31" 1.USE THE RESULTS"
02.93 T " OBTAINED WITH THE 4TH DEGREE POLYNOMIAL TO CONTINUE"
02.94 T !™THE CALCULATION™!" 2.STOP THE CALCULATION"
02.95 T !"OPTION CHOSEN ?¥3A RST %3sRs!151 (R-176.47,2.98,6447
92.98 S L=L-1
02.99 R
©3.08 D 43D S3G 13.10
83.15 T P11“CALCULATION OF THE STANDARD CURVE™!3S J=03S SY=83G 610
03¢18. S LT=@3T !"COEFFICIENTSI"SF K=1,L3T 1"BC",%22Ks"™) =", X, B(K)
83.22 T 11"NO.  CONCENTRATION HEIGHT _ HEIGHT DIFFERENCE"
93.23 T I STANDARDS MEASURED  CALCULATED %
03424 F J1=1,L135S YY=BC1)3D 83T 1,22, 315%9.02, FEXP(XCJ1))=13D 16
23.25 § SD=FSQT(SD/(L}1-L))
03.26 T !1"MEAN (MEASURED) PEAK HE1GHT = 25.01,5Y/L1
83+27 T !"STANDARD DEVIATION =, Sp
03.28 T I"RELATIVE STANDARD DEVIATION (%)=, SDxL1%100/SY
03429 1 (L-2)6.47,13.103D 2036 13,10
03.35 S LT=135 J5=035 J6=03T 111"SAMPLE CALCULATION'!
03.37 T !" NO.  STATUS HEIGHT  CONCENTRATION™
03.38 T I MEASURED  CALCULATED"™
03+48 6 9.8536 13.10 .
83.97 T !"INDICATOR MISSING*“3G 6.47
04.85 S SW=03S ST=03S WT=0JS W2=03S J=p
84210 A W31 (W)A.303A T3S J=J+1 )
04420 S SW=SW+W3S ST=ST+T3S WT=WT+W#T3S W2=W2+WsW3G 4.10
B4e30 1 (We2)444054.90s 40 40
94.40 ‘T !"THE INDICATORS ARE IN THE WRONG ORDER"3G 6.47
B4.98 R
05+10 S P=SWHSW=-J*W23S TT=(SWaWT-ST#W2)/P3S SL=CSWAST-J*WT) /PR
B6.10 A Wil (W)6+203A T36 6499
06420 1 (W+A)A:4B26.405 4, 4B
0640 I (L1-326.45,645056445 .
@6.45 T !"WARNING: STANDARD VALUES ENTERED: “»%2,J
B6.46 T 1% STANDARD VALUES EXPECTED:",L1
06.47 T !“THE CALCULATION IS STOPPED"!3@Q
86450 D 256G 3.18

s

J=J+13S YOI =T-TT-SL*W3S SY=SY+Y(J)1G 6.18

87.85 I (FABS(RICJ2))-1E-637.07,7+0T3R
©7+07 1 (FABSC(RR(J2))-1E-6)11.88,11.803R

@810 F J2=2,L3S YYSYY+BCJ2)#(XCJ1I1CJ2-1))

98415 S D=Y(J1)-YY3S SD=SD+D*D;R

09.05 A W31 (W)P.183S5 J6=J6+136 9.25

0918 1 (W+5)1341085 4. 4054440

09425 S JS=JS5+13A THS T=T~TT-SL*W3G 22.10

29.28 S C(LY=B(1)~-T

89«31 D 9+993D 113G 9435

2932 D 9.64JT . WARNING: AFTER BRASELINE CORRECTION THE"!

29.33 T "MEASURED HEIGHT 1S BELLOW THE BASELINE"JG 9.96

09434 D 9.6435 CO=036 9.75

09.35 5 1J=03S IK=03S MX=1E10035 MI=03S CQ=0

09.48 F J2=1.,L23D 12

0964 1 (J9)644759+6759465

0965 1 (J7-U919:67+9+70s6047

09467 T 15232455 UNKNOWN **»26,T35 J7=J7+1

29.68 G 9.80

0978 T !5%3,J5s™ STANDARD "»%6,T31S J7=0

09.71 G 9.89

B9.75 T %11.02,C036 9.96

0982 1 (C2)9.83,9.83,9.75

09.82 T " WARNING: IMAGINARY RESULTS!!"3G 9.96

8983 1 (MX-1E100)9:9059.84,9.90

09:84 1 (M139+9259+8659.92

0985 I (CB-FEXP(X(1))+1)9.92,9+87,9.87

0986 1 (1K-L2)9.8829.94,9.88

09487 1 (FEXP(X(L1))=1-C0)9¢90859475,9.75

09488 1 (I1J-L2)9:89,9+82,9.89 h
T

" WARNING: IMAGINARY AND NEGATIVE RESULTS 136 9.96
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29490
29.92
89.94
89.96
99.98
89.99

18410

18.25
18.27
18.29
1032
12+ 35
19.50
1280

10.85

18,90

11.87
1.t
11.13
11.16
1119
1121
11.26
11.28
1430
11.32
11.35
11438
1140
11.42
11044
11446
11.48
11.50
11.52
11.54
11.56
11.59
1161
11.63
11.65
1167
11.69
11.78
11.72
11.74
11.76
11.80
11.82
11.84
11.86
11.90

1285
1219
1215

1310
1320
13.30
13. 40
13.50

14.05
14+10
14415

15.10
15415
15.20
15.25

16410
16420

206.10
28.15
20.30
0. 40
20. 41
20442
20+45
20+ 50
20.5S
20.68
20.80
20.508

2110
2120
2130
21.40
2150

22.10
22.20

22430

DA TN AN A =T - WG

L e S0

I

" WARNING: CONCe VAL. HIGHER THAN HIGHEST STAND«"3C 9.96

" WARNING: CONC. VAL. SMALLER THAN SMALLEST STAND."3C 9.96
* WARNING: NEGATIVE RESULTS!!"

€J6-5)9-0559.98564 47

135S J6=03G 9.05

L2=L-13F J2=1,L25S MT=L=J2+13S CC(J2)Y=R(MT)

CRICJ2))10:85,18+255108:85
CRR(J2))10.80510.27510.27

CRRCJ2) =X(L1))10+.325 10+ 322 10+ 29
(MX=RR(J2))108+:90,10.903S MX= RRCJ2I 3R
(RRCJ2) =X( 13 18355104355 10+ 58
(RRCJ2)=M1)108.903S MI=RR(J2ISR
C1=FEXP(RRCJ2))-131 (C1-C0)198.9035 CO=CI3R
IK=IK+13R

1J=1J+1

1S=03S 1=13S P21/CC(1)3F J2=1,L2}8S ceJ2r=pxCJa+t)

P=C(L2-1)+1E=635 @=CCL2)3T C(I-L2+1)11+¢16511+54,11+13

RR(1?=~Q3S RI(1)=03R

1C=13S B1=CCL2-2>31] (B1)11¢19511.92511419

B1=1/B13S P=P/B13S 9=9*B1

B1=13S B3=135 B2:03S B4=083F J2=1,L23D 12

RICL2-1)=RIC(L2-1)-RR(L2-1)3S B2=13S B3=RICL2-1)

B4=RICL2-2)31 CI-L2+2)11.30,11.32,11.30

B2=RI(L2-3)

B1=B4a*B4-B3%B23S B1=1/B1355 B3=C(RR(L2-1)*R3~ RR(L2)*B4)»B]

B2=(RRCL2=1)*B4-RR(L2)*B2)#B1}
(FABS(B2)/CFABS(P)+1)~-5SE=6311+40,11. 40511+ 42 -~

(FABS(B3)/(FABS(@)+1)-SE-6)11. Bas11+84511.42

P=P+B23S 6=68-B3JS IC=IC+#131 (IC-50211+2151121511.44

CIS)11.463R

I1S=13S IN=I-135 J35L25S L2=L2+1)5 ciL2>=p

CCJ3+1)= 2CCJ3+1)+CCJ3I IS J3=J3-1

€J3311652511.52s 11648

€C1)=CC1)+13G 11.11

(PY11.56511+61511+56

B4=4#Q/C(P*P)31 (FABS(B4)=1E~6)11+59511.59,11.61

RRCI>==-P3S RRC1+1)=-0/P3G 11.69

RRCI)=-.5%F3S RRCI+1)=RRCIY3IS BY=F*P-4%Q

(B1)11+65511+69211467

RICI)=e5%FSATC=BI)SS RICI+1)=-RICIIIG 11.70
B1=+5%FSQT(B1)3S RR(I)= RRCI)+B13S RRCI+1)=RRCI+1)-B1

RICI)=03S RICI+1)=0

I=1+231 CI~- “L2Y11e11211411211072

(-IS)11.743R

K2=1N+13F J2=K2,L2iD 7

J2=J3,L25S RRCJ2)=RR{J2+1)5S RICJ2I=RICJI2+}1)
IN=L2-13R

Jes1,L235 CtJ2)=RR¢J2-2)

11.54

P=Q36 11.21

RR(J2)=CCJR)-P*B1-G*B23 1 (J2-£2>12.183R
R1¢(J2)=RR(J2) ~-P*B3-Q#B43S B2=Bl}S Ba=B3
B1=RR(J2) 35S B3=RI(J2)

N13I (N1)13¢2053+9753.97
(N1+2>13+3@,4.40,3.08

(NI+4) 130405 44023415
(N1+6713.504.2031 (LT)6.4753. 35:6 3. 40
(N1+8) 4+ 485 4+ 4836

N=K+13 S DD=§(N*II*L)/A(II*II*L)
J=IlsL3 S A(N+JELISACN+JSL) -ACITI+J*L)*DD
YXCNI=YXC(N)=YXCII)*DD3 R

MM=L-13F I1=1,MM3 F K={1.MM3 D t4.9

B(LI=YXC(LY/ACL+LeL)

M=2,L3S N=L+1sM3S KK=N+135 BCNISYXC(NIZ7ACN+N*L)I 3D 15.253R
K=KKsL3 S B(N)=SBIN) = SACN+K#LI#BCKI ZACN+NSL) -

T %9481, YCI1LT s RT7.015YY
" 7,%4.015Ds"  “2D*100/YCJD)

J2z1,L-135 CCJ2)=BL-J2+1)*(L=J2)

1.2=L-23D 1138 IL=P3S IM=@3F Je=1,L235D 21
(IM)20.40,20.90,20. 40

11"WARNING: STANDARD CURVE CALCULATED ABOVE SHOWS'»22,1IM
* MAXIMA C(MINIMAY*I"IN THE CONCENTRATION RANGE OF STANDARD"
* SOLUTIONS 1*!

J1=1,IM3S YYCJ1I=BC1Y3F J2=2,L3D 20.8

J1=1,IM3T 1,23,J1." CONCENTRATION="3D 20.60

113G 6.47

%782, FEXPC(R2CJ1) )=10" HEIGHT CALCULATED="»YYC(J1)
YY(JI)=YY(J1)*B(J2)#(RE(J!)'(J2'l))

(RI(JZ))=2|-2@:21-30:21-20

(RR(J23)21-20:2[-20:21-42
(RRCJ2)=X(L1))21.503R
IM=IM+13S R2(1M)=RR(J2)

(Y(1)722.2831 ¢TI9.3231 ¢T-Y(1)39+32,9.34,9.28
(T)22.3059.28,9.28
(YC1)~T)9¢285943459.32
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3. REPORT ON ANALYSIS
3.1. Program ADOO12
3.1.1; Abstract

This program generates a typed report on a chemical analysis of
water. At the same time the program calculates and types out a series. of
calculated parameters.

3.1.2. Input data

The input parameters are listed in Table 3.1. The order in which
they appear in the table is identical to the order in which they must be
entered in the computer. This order facilitates the input operation when
using the new laboratory forms (1). ’

For parameters 1 to 50, only numerical values must be entered. There
is only one exception to this rule; when a particular parameter is not
available, then "-N'"' must be entered.

For parameters 51 and 52, any combination of letters and numbers is
allowed. Three words are allowed in each instance (one word in this case
is defined as being any combination of letters and/or numbers terminated by
a space, comma, period, or hyphen). If the "Location" or the '"Source'" has
less than three words then the missing words can be made up from the
combination ". " (i.e., period and space) or ", " (conima and space) or
'- " (hyphen and space). Any of these combinations replaces one word.

Examples of input data can be seen in Figure 3.1.

3.1.3, Qutput data

A typical report is reproduced ‘in Figure 3.2. The numerical value
entered for each test appears in the output. For those parameters entered
as "-N", the words '"NOT AVAILABLE" are typed out as shown in Figure 3.2.

In the case of calculated parameters, if one of the parameters
entering the calculation is "NOT AVAILABLE", the calculation is not performed
and a hyphen appears in the output.

The "Sum of constituents (mg/1)'" is calculated only when all of the
following parameters are present: Calcium - dissolved, Magnesium - dissolved
Potassium - dissolved, Sodium - dissolved, Alkalinity - total, Alkalinity -
Phenolphthalein, Chloride, Flueride, Silica - Reactive, Sulphate. If any of
these has not been determined, i.e., if it was entered as "-N", then the
""Sum of constituents' is not calculated; in this case also, the '"Saturation
and Stability indices' are not calculated because their calculation requires
the "Sum of constituents" value. '

>

If any of the cations listed above has not been analysed, then
"Sodium per cent' cannot be calculated. ‘

Other ions listed in the output and not mentioned above are included
in the "Sum of constituents' when present. These ions are: Copper - dissolved,
Iron - dissolved, Lead - dissolved, Manganese - dissolved, Zinc - dissolved,
Phosphate - dissolved, ortho.
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The

length of the printout is approximately 13 inches; therefore it

will fit in a sheet of paper of 8 1/2 x 14 inches if it must be xeroxed.

program is written in FOCAL-69.

3.1.4. The Computer program
The
PDP-8/L, 8K

in Figure 3.4.

computer is used to run. the program. -

In Water Quality Division, a

The listing is reproduced

The time required to type out one report is approximately five

minutes.

The limiting factor is the speed of the Teletype.

With a faster

printer this time can be reduced to one minute or less.

3.1.5. References

1. Demayo, A. 1970. A storage and retrieval system for water qﬁality
' data, Inland Waters Branch, Report Series No. 9.

TABLE 3.1

Program AD0012 - Input Parameters

No Symbol Parameter, Unit
1 A (1) Lahoratory number Integer
2 A (2). Field number . Integer
3 A (R) Day of sampling Integer
4 A (1) Mont! of sumpling Integer
5 A (5) Year of sampling Intcger
6 A (6) Day of testing Integer
7 A (7) Month of testing Integer
8 A (8) Ycar of testing Integer
9 A (9) Turbidity
10 A (J0) Temperature at- testing °c
11 A (11) Colour Hazen units
12 A (12) pil piH units
13 A (13) Carbon: Total, Organic mg/l
14 A (14) Chloride: Dissolved mg/1
15 A (15) Copper: Total mg/1
16 A (16)  Copper: Iissolved ng/}1
17 A (17)  Fluoride: Dissolved mg/1
‘18 A (18) Iron: Total mg/1
18 A (19) 1ron: Dissolved mg/]
20 A (20) lead: Total mg/1
21 A (21)  Lead: Dissolved mg/}
.22 A (22) Magnesium: Dissolved mg/1
23 A (23) Mangancse: Total g/l
24 A (24)  Mangancse: Dissolved mg/l
25 A (25) Nitrogen: Total Kjeldashl mg/1
20 A (26) Nitrogen: Nitrate + Nitrite mg/1
27 A (27) Nitrogen: Dissolved .Ammonia mg/1
28 A (28)  Oxygen: Total Chemicul Demand mg/1
29 A (29) Phosphate: Dissolved, Ortho mg/1
30 A (30) Phosphate: Dissolved, Inorganic mg/l
31 A (31) Phosphate:  Total mg/1
32 A (32) Potassium: Dissolved : mg/1
33 A (33) Residue: Nonfilterable (105°C) mg/l
34 A (34) Residue: Filterable (105°C) mg/1
35 A (35) Residue:  Fixed, Nonfilterable (550°C) mg/1
36 A (36} Residuc: Fixed, Filterable (550°¢) . mg/}
37 A (37)  Silica: Reactive mg/l
38 A (38) Sodium: Dissolved mg/1
39 A (39) Zinc: Total mg/1
40 A (40)  Zinc: Dissolved mg/1
41 A (41) Carbon; Dissolved, Organic mg/1
42 . A (42) Specific conductance umho/em -
43 A (43) Alkalinity: Fhenolpntalein mg/1 CaCO3
44 A (44)  Alkalinity: Total “'mg/1 CaCO;
45 A (45)  Acidity: pil 4.5 mg/1 CaCO3
46 A (46)  Acidity: pil 8.3 mg/1 CaCOj
47 A (47) Hardness: Total mg/1 CaCOj
48 A (48)  Calcium: Dissolved . mg/l
49 A (49) Oxygen: Consumcd ‘mg/1
50 A (50) Sulphate: Dissolved mg/l
s1 D * Location (3 words) Alphameric |
52 D Source (3 words) Alphameric”
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.;5.2. Program ADOO13

This program is very similar to Program AD0012. The only difference
is the fact that if a certain parameter was entered as "-N", it will not be
listed in the typed output. Similarly, if a certain value cannot be
calculated because some of the parameters entering its calculation are
absent, then it is not listed in the typed output.

The input data are identical to those for Program AD0012 (see Table
3.1 and Figure 3.1). A typical output is shown in Figure 3.5. A listing
of the program is ieproduced in Figure 3.6. The program requires 8K of
memory. The time required to type out one report depends on the number of
parameters present. The report reproduced in Figure 3.5 required 2 minutes
on a PDP-8/L. '

3.3. Program ADOO14

This program is another variation of Program AD0012. The following
calculated parameters have been added to the typed output: "Sum of cations"
(me/1), "Sum of anions' (me/1) and the 'Difference" between them in per cent.

The "Sum of cations'" is not calculated if one of the following ions
has not been determined: Calcium - dissolved, Magnesium - dissolved,
Potassium - dissolved, Sodium - dissolved. When present, the following ions
are added to the "Sum of cations": Copper - dissolved, Iron - dissolved,
Lead - dissolved, Manganese - dissolved, Zinc - dissolved.

The '"Sum of anions'" is not calculated if one of the following
parameters has not been measured: Alkalinity - phenolphthalein, Alkalinity -
total, Chloride - dissolved, Fluoride - dissolved, Sulphate - dissolved. If
Phosphate - dissolved, ortho is present, then it is included in the "Sum of
anions".

If either the '"Sum of cations" or the "Sum of anions" could not be
calculated, then the "Difference" (per cent) is not calculated.

The input data are identical to those for Program AD0012 or Program
AD0013 (see Figure 3.1 and Table 3.1).

The output appears on two pages. A typical output is reproduced in
Figure 3.7. -

The program is Written in FOCAL-69 and requires the whole 8K of
memory of a PDP-8/L computer. A listing of the program is reproduced in
Figure 3.8.

Approximately five minutes are required to type out a report.
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Figure 3.1. Programs AD0012 - AD0014 - Input

3329 =N 13 7 1978 3 9 1978 +38B 20+5 5 7«7 =N +5 =N =N ,19 ~-N .02

N =N =N =N B =N +17 =N =N =N +186 =N +7 -N 92 =N. 656 4e4 142

N =N =N 142 0@ 52.1 =N =N 67.3 22.9 -N 13.7 A B C Xt Y1 Z1

3330 123 23 9 19790 4 10 1970 .40 21 4 7.5 =N «5 =N =N «19 FINISH
Al B1-C1 XY Z

2972 -N 6 8 1978 27 8 1970 3.2 25.8 80 7.1 -N 15 0 =N - 28

N O =N N =N ¢85 @ =N 1¢2 =N =N =N ¢55 -N 26.8 =N -N =N -“N 9
602 P8 =N =N 380 @ 166 -N -N 146 52.7 -N 1.3

MELFORT» SASK . POTHOLE G-23 .
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Fiqure 3.2. Program AD0012 - Output

ANALYSIS OF WATER SAMPLE

LOCATION :A B C
SOURCE  t X1 Y1 Z1

LABORATORY NUMBER
FIELD NUMBER
DATE OF SAMPLING

3329
NOT AVAILABLE

DAY = 13 MONTH = 7 YEAR = 1978
DATE OF TESTING :

DAY = 3 MONTH = 9 YEAR = 1970
COLOUR (HAZEN UNITS) = S5.00
SPECIFIC CONDUCTANCE (UMHO/CM) = 142.00
TEMPERATURE OF TESTING (DEGeCe)= 20. 50
TURBIDITY = 9+ 38
PH C(PH UNITS)= 7.70
ACIDITY-PH 4.5 (MC/L. CACO03)= NOT AVAILABLE
ACIDITY-PH 8.3 (MG/L CACO03)= NOT AVAILARLE
ALKALINITY~-PHENOLPHTHALEIN (MG/L CACO3)= 0«00
ALKALINITY-TOTAL (MG7L CACOJ)= 52410
HARDNESS-TOTAL (MG/L CACO3)= 6730

RESIDUE-NONFILTERABLE (185 DEG.Cs) (MG/L)>= NOT AVAILARLE

RESIDUE=“FILTERABLE (105 DEG«Cs) (MG/L)Y = 92.00
RESIDUE~FIXEDsNONFILTERABLE (550 DEG«Cs) (MG/L)= NOT AVAILABLE
RESIDUE-FIXEDsFILTERABLE (550 DEG+Ce) (MG/L) = 65.60
CARBON - TOTAL ORGANIC, C (MG/L>= NOT AVAILABLE
CARBON=-DISSOLVED ORGANIC.» C (MG/L)= NOT AVAILABLE
NITROGEN-TOTAL» KJELDAHLS N (MG/L)>= NOT AVAILABLE
NITROGEN-DISSOLVED AMMONIA, N (MG/L)= NOT AVAILABLE
OXYGEN-TOTAL CHEMICAL DEMAND (MG/L)= NOT AVAILAPRLE
OXYGEN=~CONSUMED (MG/L)= NOT AVAILARLE
CATIONS (MG/L) :
CALCIUM-DISSOLVEDs CA = £22.90
COOPER-TOTAL, CU = NOT AVAILABLE
COOPER-DISSOLVED, CU = NOT AVAILABRLE
IRON-TOTAL, FE = NOT AVAILARLE
IRON-DISSOLVEDs FE = Be.02
LEAD-TOTALs FBR = NOT AVAILABLE
LEAD-DISSOLVED», PB = NOT AVAILARLE
MAGNESIUM DISSOLVED, MG= 2.46 (CALCULATED)
MANGANESE-TOTALs MN = NOT AVAILARLE
MANGANESE-DISSOLVEDs MN= 2.00
POTASSIUM-DISSOLVEDs K = B.79
SODIUM~DISSOLVEDs NA = 1.20
ZINC-TOTAL» ZN = NOT AVAILABLE
ZINC-DISSOLVEDs ZN = NOT AVAILARLE
ANIONS (MG/L)
BICARBONATE, HCO3 = 63.51 (CALCULATED)
CARBONATEs CO3 = 2.08 C(CALCULATED)
CHLORIDE~DISSOLVED, CL = ?.50 :
FLUORIDE~DISSOLVED» F = De19
HYDROXIDE, OH = B.22 (CALCULATED)
NITROGEN-NITRATE+NITRITE, N = Be17
PHOSPRATE-DISSOLVED» ORTHO» P04 = NOT AVAILABLE
PHOSPHATE-DISSOLVED» INORGANIC» PQOa= 2.19
PHOSPHATE-TOTAL, FPO4 = NOT AVAILABLE
SILICA-REACTIVEs SIO2 = 4, 40
SULPHATE-DISSOLVED, S04 = 13.70
OTHER CALCULATED PARAMETERS :
-SUM OF CONSTITUENTS (MG/L)= 78411
SODIUM ABSORPTION RATIO = 2.06
SODI1UM PER CENT = 3.69 -
NONCARBONATE HARDNESS (MG/L CACO3)= 15.28
co2 (MG/L)Y = 2.01
SATURATION INDEX (PH UNITS)=- Be71
STABILITY INDEX (PH UNITS)= 9.11
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Figure 3.3. Program AD0012 - Output

ANALYSIS

LOCATION
SOURCE.

iAl Bl C1
XY Z

OF WATER SAMPLE

LABORATORY NUMBER= 3330
FIELD NUMBER = 123
DATE OF SAMPLING 3

DAY = 23 MONTH = 9 YEAR = 197@
DATE OF TESTING ¢

DAY = 4 MONTH = 1@ YEAR = 1970
COLOUR (HAZEN UNITS) = 4e PR
SPECIFIC CONDUCTANCE (UMHO/CM) = NOT AVAILABLE
TEMPERATURE OF TESTING (DEGeCs)= 21.00
TURBIDITY = Qe 40
PH (PH UNITS)= 7.58
ACIDITY-PH 4.5 (MG/L CACO3)= NOT AVAILABLE
ACIDITY-PH 8.3 (MG/L CACO3)= NOT AVAILABLE
ALKALINITY-PHENOLPHTHALEIN (MG/L CACO3)= NOT AVAILABLE
ALKALINITY-TOTAL (MG/L CACO3)= NOT AVAILABLE
HARDNESS-TOTAL (MG/L CACO3)= NOT AVAILABLE
RESIDUE-NONFILTERABLE (185 DEGeCs) (MG/L)>= NOT AVAILAPLE
RESIDUE-FILTERABLE (18S DEGeCs) (MG/L)= NOT AVAILABLE
RESIDUE-FIXED»NONFILTERABLE (550 DEG+C.) (MG/L)>= NOT AVAILABLE
RESIDUE-FIXEDsFILTERABLE (55@ DEG«Ce) (MG/L)>= NOT AVAILARLE
CARBON- TOTAL ORGANIC, C (MG/L)>= NOT AVAILABLE
CARBON-DISSOLVED ORGANIC» C (MG/L)= NOT AVAILABLE
NITROGEN-TOTAL» KJELDAHL» N (MG/L)= NOT AVAILABLE
NITROGEN-DISSOLVED AMMONIA», N (MG/L)= NOT AVAILABLE
OXYGEN=TOTAL CHEMICAL DEMAND (MG/L)= NOT AVAILABLE
OXYGEN-CONSUMED (MG7L)>= NOT AVAILABLE
CATIONS (MG/L) 3
CALCIUM-DISSOLVED» CA = NOT AVAILABLE
COOFER-TOTAL» CU = NOT AVAILABLE
COOPER-DISSOLVED, CU = NOT AVAILABLE
IRON-TOTALs FE = NOT AVAILABLE
IRON-DISSOLVEDs FE = NOT AVAILABLE
LEAD-TOTAL,. PB = NOT AVAILABLE
LEAD-DI SSOLVEDs PB = NOT AVAILABLE
MAGNESIUM DISSOLVED» MG= NOT AVAILABLE
MANGANESE-TOTAL> MN = NOT AVAILABLE
MANGANESE-DISSOLVED, MN= NOT AVAILABLE
POTASSIUM-DISSOLVED, K = NOT AVAILABLE
SOD1UM-DISSOLVEDs NA = NOT AVAILABLE
ZINC-TOTALs ZN = NOT AVAILABLE
ZINC-DISSOLVED», 2ZN = NOT AVAILARLE
ANIONS (MG/L) :
BICARBONATE, HCO3 = -
CARBONATE» CO3 = -
CHLORIDE-DISSOLVED» CL = .50
FLUORIDE-DISSOLVEDs F = .19
HYDROXIDEs» OH = -
NITROGEN-NITRATE+NITRITE, N = NOT AVAILABLE
PHOSPHATE-DISSOLVED> ORTHOs PO4 = NOT AVAILABLE
PHOSPHATE-DISSOLVEDs INORGANICs PO4= NOT AVAILABLE
PHOSPHATE-TOTAL» PO4 : = NOT AVAILABLE
SILICA-REACTIVE, SI02 = NOT AVAILABLE
SULPHATE-DISSOLVED, SO4 = NOT. AVAILABLE
OTHER CALCULATED PARAMETERS @
SUM OF CONSTITUENTS (MGZL)D -

SODIUM ABSORPTION RAT
SODIUM PER CENT

10

NONCARBONATE HARDNESS (MG/L CACO3)=

co2
SATURATION INDEX
STABILITY INDEX

(¢

mME/L)Y =

(PH UNITS)=
(PH UNITS)=
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W

s1.02
21.83
21.05
01,06
21.087
01.28
81.09
81410
gr.12
Ble14
81.15
01417
01.18
81.20
o121
21440
01445
81.48
81449
81.50
91451
81.52
21.53
81.55
B1.58
. B1.61
81:63
01.65
81467
21.70
81.72
81.75
21.76
S R1.77
21.78
£1.79
21.82
81.84
21.86
01.88
21.90
01.92

22.95
02.07
82.10
82.12
22.15
22417
92,20
p2.22
23.10

B83.18
T @3.20
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Figure 3.4.. Program AD0012 - Listing

C-BK FOCAL 01969

=-BNIF J=1,5335 ACJ)=Y
J=15500A ACI ST (BFINISH-ACJ))1.0651.863C
ACIISYSS J=60
1111111 I"DEPARTMENT OF FISHERIES AND FORESTRY"!
“INLAND WATERS BRANCH™1"WATER QUALITY DIVISION"1!
“ANALYSIS OF WATER SAMPLE"!!
“LOCATION 173A D1,02,D3
I"SOURCE  $*1A D1,D2:D3
11" ABORATORY NUMBER"SI (Y~AC1))1.153D 636 1.17
S218,AC1)
1"F1ELD NUMBER "IL CY-ACR))1+183D 66 1.20
210,AC2)
£6.15T "SAMPLING 135 1=3)D 3
26 19T “TESTING 33§ 1263D 3

Y1"COLOUR (HAZEN UNTTS)*3D 30+331 CY-AC11))1.455D 636G 1.48
27482,AC11)
YSPECIFIC CONDUCTANCE CUMHO/CM) “31 (Y=AC42))1.495D 636 1450
ACaR)
1"TEMPERATURE OF TESTING (DEG.C+)"31 (Y~AC18))1.515D 636 159
AC10)
I"TURBIDITY"ID 3@+251 (Y-AC9)>1.533D 636 1.55
AC9)
TIYFH “SD 3B.43D 26.9251 (Y-AC12))1.585D 636G 1.61
AC12)
24, 43T “4.5"30 3D+53D 2731 (Y~ACAS))1.633D 636 1465
ACa5) !
244437 "Be3"3D 38.53D 2731 (Y-AC46))1.673D 616 1.70
AC46)
24.S5T “PHENOLPHTHALEINID 2751 ¢Y-AC43))1.721D 6JG 1.75
ACA3) . :
24.53T “TOTAL"3D 38+83D 2751 (Y-ACA44))1.763D 636 1477
ACa4) : .
I“"HARDNESS~TOTAL")D 30+53D 2731 (Y-ACAT))1.785D 616 1.79
ACaT)
2

4
S
7
8
9
(RRRR NN NS

13D 26.43T “NON¥SD 26+5)D 30.963D 2531 (Y—Acss))e.o7nn 636G 2.1
Ac33)

26+43D 26:51D 30.63D 2531 (Y-A(34))2.125D 6i6 2.15

AC34)

26.73T “NON"3D 26.63D 2501 (Y-AC35))2.17iD 631G 2.20

At3s) o

26.73D 26.63T * 3D 25J1 (Y~AC36))2.225D 636 1.82

AC36)

1B DAY *“31 (Y-ACI))3.183D 63C 3.20

22,ACI)

" MONTH "31 (Y=ACI+1))3.283D 636 3.30
ACI+1) .

**  YEAR "3 CY-ACI+2))3.383D 636 3.99

245 AC142)

13D 264837 ™ "ID 2BSD 264991 C(Y-AC(13))4.173D 636 4.20
ACIYD)
26+83D 293D 26+931 (Y~ACA1))4.223D 636 4.30 .-
ace1)
26.913D 283T *» KJELDAHL, N"3D 25
CY-A(25))4.323D 636G 4.35
AC25) .
26.913D 293T * AMMONIA, N'JD 2531 (Y-A(27))4.373D 613G 4.40
AC2T)
1"OXYGEN-TOTAL CHEMICAL DEMAND "“3D 25
(Y~AC2B8))4.423)D 63G 4+45
AC2B)
{"OXYGEN=~CONSUMED"SD 38.915D 2531 CY~- A(49))4-47!D 63G 1.84
AC49)

A I*CATIONS (MG/L) :“3S B=03S D=0

!“"CALCIUM-DISSOLVEDs CA ™31 (Y-A(48))5.083D 24-IIE S.19
A(4B) 15 B=B+A(4BI*.04993S D=DeAC48) .

1"“COOPER-TOTAL> CU"3D 38.9331 (Y-AC155)5.1235D 636 S5+15
AC15)

t"COOPER-DI SSOLVED, CU 31 (Y-AC16)35.173D 63G S.20
AC16)35 B=B*A(|6)*-0314815 D=D+AC16)

I*IRON=TOTALs FE"ID 30.6)1 CY~AC18))5. 223D 636 5.25
AC18) .

1"IRON-DI SSOLVED, FE “II CY-AC19)35.273D 636G 5.30
AC19)3S B=B+AC19)%.053723S D=D+AC19)

I“LEAD-TOTALs PB"3D 30.6J1 (Y-AC20))5.323D 616 535
AC20)

{“LEAD-DISSOLVED» FB 31 C(Y-AC21))5.,373D 636G S.40
AC21)3S B= =B+AC21)%:00965315 D=D+A(21)

{"MAGNESIUM DISSOLVEDs MG“3I (Y- AC22)325¢455,5442,5.45
CY=ACATI)>S5« 433D 24.13G 5.46

(Y-AC48))5.443D 24.156 S.46
AC22)=12.16%(ACATI*.R1998B-ACAB)*.0499)3D S.455D 26.256 S. 46
A(22)3S B= B*A(22)t-0822615 D=D+A(22)

!"MANGANESE TOTALs MN 31 (Y=AC23))5.475D 636 S+50
AC23)

!“MANGANESE-DISSOLVED, MN"31 (Y-AC24))5.523D 636 5.55
AC24)3S B=B#A(24)'.0364)S D=D+A(24)

!"POTASSIUM~ DISSOLVEDn K "31 CY-AC32))5.573D 24.136 5.60
A§32)JS B=B+A(32)%.0255715 D=D+A(32)

!*S0DIUM-DISSOLVEDs NA "3l (Y-AC3B))»S5.623D 24.136 5.65
A(SB)JS B=B+A(38)*.0435)5 D=D+A(38)

I"ZINC-TOTALs ZN"3D 30.631 (Y-AC393)5.675D 656 5.7@
AC39)

1"ZINC-DISSOLVEDs ZIN 51 (Y-ALA48))5.723D 635G 1486
AC40)35 B=B+ACAR) %.BI0635 D=D+AC2B)
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06.10

87.05
87412
27.20
07.23
07.24
27.25
87.29
87.39
87.32
07435
27+37
0740
7. 42
@7. 45
87+ 47
27,50

@752 .

@755
97.56
27.57
27.60
@7.62
97.65
8767
07.72
27.72

87.73

@7+74

27.78

07.81
87.84
27.92
97.92

28.85
08.87
28.50
88475
@B. 77

08479

0881
98.83
B88.87
98.89
@8.90
08+91
88+92
@8.99

29.03
09.04
99.25
99.10
89.12
89415
8917

89419 1
29.27

P9.29
29431
@9+ 40
29,44
29.45

24.10

24,20 |

24.30
24+ 40
24.50
£4+90

25418

26.18
£6.28
26.30
26048
26.58
2660
26.70
£6.88
26.90
26.91
26.92
26.93

27.12
28.10
29.10

30.18
38.20
3¢.30
30. 40
39.50
30-60
38.70
30.60
.90
.91
30.92
3d.93
32.94
30.95
30.96
»

T = NOT AVAILABLE'"3T %7.82

T 1I"ANIONS (MG/L) $%31 (Y-AC43)37.12,7.29,7.12
I (Y-AC44))7+20,7+29:7.20
1 CACA3)-AC24)/2)T<25,7+25,7.23 .
S ACS3)=@3S ACS1)=1.2%C(AC44)-ACA3)I3S ACS2IS(R*ACAII~AC44))*%.3399
G 7.30

S AC53)2CAC44)~2%AC43))#1.2193S ACSII=ACABI*1.255 AC52)=036 7.30
§ D=YiS C=Y

T 1“BICARBONATE> HCO3"3D 3B.9431 (Y-AC53))7.32iD 24.936 7.35
T AC53)3D 26e2

T I"CARBONATEs; CO3%3D 3@.953I (Y-ACS51337.373D 24.93G 7.40
T A(S123D 2642

T 1“CHLORIDE-DISSOLVEDs CL'3D 30.9031 (Y-AC14>)7.425D 24.25G T.45
T AC14)

T I"FLUORIDE-DISSOLVED, F*3D 30.913 1 (Y-AC17)37,473D 24.25€ 7.50
T AOITY

T T"HYDROXIDEs OM'JD 32.231 (Y-A(S52))7.525D 24.916 T+55
T A(52)3D 26-2 . .
T '“NITROGEN-NITRATE+NITRITE, N"3D 32.93

I CY-AC26))7.57ID 24.236 7.60

T AC26) )

D 26.33T "DISSOLVEDs ORTHO» P04  "™JI (Y-AC29))7.623D 636 7465

T AC29)

D 26.33T “DISSOLVED, INORGANICs» PO4™31 C(Y“A(38))7.673D 631G 7.70

T AC3@Y -

D 26e33T “TOTALs POA"3D 30.9131 (Y-AC31))>7.725D 636 7.73

T AC3D

T I*SILICA-REACTIVE» S102%3D 30.9131 (Y-AC37))7.743D 24.216 1.78
T A3

T 1"“SULPHATE-DISSOLVED, $04%5D 38.551 (Y-AC(52))7.81)D 24.23C 1.88
T ACS0)31 (Y-D)7.843G 1.88

5 D=D+AC50) +ACS51) +ACS2) +AC53) /2. 030A(ld)tA(17)¢A(37)¢A(26)t4c429
I CY-AC29)37.923G 1.88

S D =D+A(29)36 1.88

T
D
T
T
1
¢
T
T
T
T
1
s
T
[
T
1
s
s
T
T
1
i
s
s
s
D
D
D

11"0THER CALCULATED PARAMETERS 1"3S L=2.30826
24433T v V3P 2551 (Y-D)B.583D 24.9IG 8475
D .
19S0DIUM ABSORPTION RATIO™;D 30631 (Y-AC38))8.77ID 24.93G 8.83
Y- AC4B))IB.T93D 24.93G Be83
(Y-AC22))8+8135D 24.93G 8.83
1-AIOA(38)*-ﬁdGSIFSQT(A(22)‘-”8226¢A(48)‘-0A99)

150p1UM PER CENT *3D 3@.9231 CY-B)8+873D 24.93G 8489
4.35%A(38)/B

1'1 "NONCARBONATE HARDNESS™ID 2731 (Y-AC47))8.903D 244936 899
(Y ~ACA4))B.913D 24.93€ 8.99
B=AC44)-AC4TI3] (B)S.923S B=0
~B

1.58

1Co2 "3D 30+23D 2551 (Y-AC12))9.04)D 24:9)G .44
C(Y-AL44))9.051D 24.936 944

B=FEXP(-A(I2)/-4343)

B=9. TE1@#B* (AC 44) /SE4+B-1E- 14/8)1(10\1-22E'IIIB)

B

1*SATURATION INDEX*™)D 39.933D 26.92

(Y-D)9«193D 244936 9.45

(Y-AC10))9.273D 2449)G 945

R=D*25E-63S D=AC10)+273+1555 B=-8. 37+424(830/0-2.78)
C=2902+39/D~6.498+.02379#D3S B=B+C- ~FLOGCAC48) ) /L~FLOGCAL44Y) /L
BEB+9.342. S‘FSQT(R)/(I05 3*FSOTC(R)+5.5%RY3T AC12)-B

26.933T 24B-AC12)56 1.92

9.153D 2449

26+933D 24.936 1.92

63S B=Y3S D=Y

6)S D=Y

195UM OF CONSTITUENTS™
1"ACIDITY=PH *

1 ALKALINTTY="

. s
T oAMG/LY”

I"DATE oF "
(CALCULATED)"

! RESIDUE-"

“FILTERABLE €185 DEG+Ce)"
“FILTERABLE (550 DEGeC+>™
1"RESIDUE-FIXED:2"
1**CARBON=*"

c*3D 25

D

D

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T  TROG!

T % (PH UNITS)® )
T 1"STABILITY INDEX "3D 39.933D 26.92
T ¥ (MG/L CACO3>"
T “ToTAL®

T "DISSOLVED"
F

s

s

5

s

s

s

s

S

s

s

s

s

s

s

Kel,M3T ™
M=223D 381
w=113D 308.1
M=253D 308.1
M=123D 30.1
Ma9iD 3@.1
M=83D 3@.1
M=183D 30.1
M=133D 308.1
M=2143D 30+1
M=163D 30.1 .
M=T3D 30,1
M=183D 38.1
M=2110 38s1
Ma&3D 30.1
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Figure 3.5. Program AD0013 - Output

ANALYSIS OF WATER SAMPLE

LOCATION :A B C

SOURCE ¢ X1 Y1 Z1
LABORATORY NUMBER= 3329

DATE OF SAMPLING @ \

DAY = 13 'MONTH' = 7 YEAR = 1970
DATE OF TESTING 3
paY = 3 MONTH = 9 YEAR = 1970

COLOUR (HAZEN UNITS)=
SPECIFIC CONDUCTANCE (UMHO/CM) =
TEMPERATURE OF TESTING (DEGeCo)=
TURBIDITY =
PH (PH UNITS)=
ALKALINITY-PHENOLPHTHALEIN {MG/L CACO3)=
ALKALINITY-TOTAL (MG/L CACO3)=
HARDNESS-TOTAL (MG/L CACO3)=
RESIDUE-FILTERABLE (105 DEG.Cs) _ (MG/L)Y =
RESIDUE-FIXED,FILTERABLE (55@ DEGsC.) (MG/7L) =
CALCIUM~-DISSOLVEDs CA (MG/L) =
IRON-DISSOLVED» FE (MG/L) =
MAGNESIUM-DISSOLVED, MG (MG/L) =
MANGANESE-DISSOLVEDs MN (mMGe/7L) =
POTASSIUM~-DISSOLVEDs K (MG/L) =
SODIUM~-DISSOLVED», NA (MG/LY =
BICARBONATE> HCO3 (MG/7LY=
CARBONATE», CO3 (MG/7L) =
CHLORIDE-DISSOLVED» CL (MG/7L) =
FLUORIDE-DISSOLVED, F (MG/L) =
HYDROXIDE» OH (MG/L) =
NITROGEN-NITRATE+NITRITE> N _ (MG/L) =
PHOSPHATE-DISSOLVED» INORGANIC» PO4 (MCG/L) =
SILICA-REACTIVEs SI02 (MG/L) =
SULPHATE-DISSOLVEDs, S04 (MG/L) =
SUM OF CONSTITUENTS (MGsL) =
SUM OF CATIONS (ME/L) =
SUM OF ANIONS (ME/L) =
DIFFERENCE PER CENT =
SODIUM ABSORPTION RATIO =
SODIUM PER CENT =
NONCARBONATE HARDNESS (MG/L CACO3)=
co2 (MG/L) =
SATURATION INDEX (PH UNITS)=-~
STABILITY INDEX (PH UNITS)=
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5.00
142.00
20.50
.38
7.79
.00
52.10
67+ 30
92.00
65.60
22.90
2.02
2. 46
2.00
P.70
1.20
63. 51
.00
D50
B.19
G.00
B.17
Be19
44 AD
13.70
78.11 (CALCULATED)
144159 (CALCULATED)
1.3624 (CALCULATED)
193 (CALCULATED)
P.086 (CALCULATED)
3+.69 (CALCULATED)
15.20 (CALCULATED)
2.01 (CALCULATED)
@«71 CCALCULATED)
9.11 C(CALCULATED)

(CALCULATED)

(CALCULATED)
C(CALCULATED)

(CALCULATED)



Figure 3.6. Program AD0013 - Ligting

W
C~8K FOCAL 01969

ple.g2
21.03
01.85
81.06
01.07
81.08
01.09
0110
81.12
81.13
21.14
21416
21417

81.21

B4. 44
B4+ 45

95.96
25.07
25.89
25.18
25514
85.15
25.16
85.19
05-20
85.24
#5.25
85.26

05.29
2530
85.24
8535
25.36
B5.39
85. 42
5. 43
5. 44
5. 45
#5. 46
85+ 47
8549
85,50
85.51
25.54
85.55
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O DD O

ﬂﬂﬂMwUUUUUUUU”NF‘“"ﬂ"M

e 0 ot e ) e e 20 e ) U e 0 S sl e e 0 et e e T D D

2103S Y=-8NIF J=1,533S A(D=Y

J=1,583A ACII 3T (BFINISH-ACSI1.0651.863C

ACDI=YSS =68

1111111 1"DEPARTMENT OF FISHERIES AND FORESTRY"!
“INLAND WATERS BRANCH"!"WATER QUALITY DIVISION"1!
“ANALYS1S OF WATER SAMPLE"!!

"LOCATION $*3A D,DsD

I"SOURCE  1"JA DsDsD

151 (Y-AC1))1.1456 1416

{"LABORATORY NUMBER",AC1)

CY-AC(2))141736 1.21

1“FIELD NUMBER s AC2)

123,3,63D 3

1,%27.9231 (Y-AC11))1.436 1.47

I"COLOUR "3D 30.983T “CHAZEN UNITS)“»AC11)
(Y-AC42))1.4B36 1,49

SPECIFIC CONDUCTANCE™SD 38.943T "CUMHO/CM)™,AC42)
(Y-AC18))1.5836 1:51

1“TEMPERATURE OF TESTING3D 30.921T * (DEGqc-)"nA(lﬂ)
CY-AC93)1.5236 1.54

1“TURBIDITY "5D 30.23T A(9)

AC12))15536 168

1%PH 3D 38+975D £6.923T Ac12)

(Y-AC45))1:613G 1.64

24.43T "4.5%3D 30.53D 271T AC45)

CY=-AC46)316536 1469

24.43T "8.3"3D 30.53D 2737 AC46)

C(Y-AC43))1.70)6 1.74

24.53T “PHENQLPHTHALEINTSD-3@.73D 273T AC4)
CY-ACA4))
24,53 T “TOTAL"ID 30,943D 273T AC44)
CY-ACATII1e7736 1279
1"HARDNESS-TOTAL"3D 38, 51D 273T ACAT)
25D 43D S3D 73D BID 9

[RRRRNF]I 2N

(Y-A€33))2.0536 2.09

26.43T "NON“3D 26453T *3D 253T AC3J)
(Y-A(34))2.1036G 2.14

26.43D 26.53D 32.73T * 3D 253T ACJa)
(Y-AC35))215)G 2.19

26.75T "NON"JD 26+6)D 253 T AC3S)
(Y-AC36))2,203R

26+73D 26.63T * "3D 253T AC36)

H==1J1 (Y-AC1)33.3,3.18,3.3
CY=ACI+13)3.3253.1453.32
(Y=AC1+2))3.363R
€1-613+4,3:5-304

(H>3.3336 3:64

C1=633+ 42534585 3. 52
(H)3.3736 3.96
(1-6)3¢4453054:3:54

3.936 3.61

34916 3.64

34936 3.96

3.9136 3.61

3.913G 3.64

349136 3.96

3.9436 3.12

3.9516 3-14

H=@23T 1"DATE OF SAMPLING ™1
H=03T 'I"DATE OF TESTING 1"}
s DAY ",%2,ACD)

* MONTH “»%25AC1+1)

* YEAR “s%4:AC1+2)

(Y‘A(l3))d-1516 4.19

26.85T %3 263D 26.93T ACI)

(Y-A(41))4.2056 4.29

26.83D 293D 26.95T AC4D)

(Y-AC25))4.3036 4.34 -

26.913D 283T » KJELDAHL»  N™3D 38.35D 253T AC25)
(Y-AC25)>4.3436 4435

(Y-AC27))4.3536 4.39

26.913D 293T * AMMONIA, N3D 30.35D 25JT AC27)
CY-AC2B)) 4. 4836 4044

1 "OXYGEN-TOTAL CHEMICAL DEMAND "3D 38.3)D 2557 AC£8)
(Y-AC49)) 4. 45SR

{0XYGEN-CONSUMED  “JD 38.953D 53T A(49)

B=@3S C=03S D=@3S G=0JS He@s1 (Y-AC48))I5.273D 24.116 S.89
1¥CALCIUM-DISSOLVED> CA “3D 38.943D 2537 AC48)
(Y-AC152)5.103G S.14

I"COOPER-TOTAL, CU *'3D 38+95iD 253T AC15)
(Y-AC163)75+1535€C 5.19

1*COOPER= DlSSOLVEDl CU"3D 38.53D 253T AC16)
G=G+AC16)*.0314835 HeH+AC16)

CY-AC18))5:203G S.24 .

I"IRON-TOTAL, FE“SD 30.983D 253T Ac1®)
(Y-A€19))5.2536 5.29

1*IRON-DI SSOLVED, FE™3D 30.953D 25J7 AC19)
G= GOA(I9)t-I537215 HeH+AC19)

(Y<A(28))5.3036 S.34

1"LEAD=-TOTALs PB"3D 32.983D 253T A(28)
(Y-AC21)35¢3536 5.39

1"LEAD-DISSOLVED» PB"3D 30.953D 255T A(21)
G=G+AC21) %« PB9I6533S HEH+AC21)

(Y-AC22))5+ 4525042550 45

“(Y=ACAT7Y)S5. 433D 24+136 5.46

C(Y=ACAB))5.44)D 244136 5446

ACSD) =12 16%CACATI* . D199B-AC4BI%.8499)3D S5.45)D 26.256 5.26
1 "MAGNESIUM-DISSOLVEDs MG "3D 38.923D 255T AC22)
(Y-AL23))5.4736 549

1 "MANGANESE-TOTAL, MN "3D 38.53D 25T AC23)

(Y~A(24))5.5036 5.54

1 *MANGANESE-DISSOLVEDs MN “SD 30.923D 253T A(24)
G=G+AC24)*.B3643S HEHPACR4)

(Y-AC32))54553D 24136 5459

1"POTASSIUM-DISSOLVEDs K™3D 30.943D 253T AC32)
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29.19

308.10
30. 20
38.30
38.50
38.70

30.92

3093
30.94
30.95
32.97
32.98
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{Y-AC3B))S5.603D 24.13G6 Ss+ 64

!"SODIUM-D1 SSOLVEDs NAID 38.53D 2557 AC38)

(Y-A(39))5 653G S.69

!"ZINC TOTAL: ZN"ID 38.9831D 255T AC39)

C(Y-ACAB)>5.7056G 5.72

t“ZINC~DISSOLVEDs ZN*3D 308+953D 253T AC40)

G=G+A(AD)*. 030635 D=D+A(4@)

<Y-B)5.7T4R

B=B+ACA4B) 5. B499+AL22) #. PB226+AC 32 *B255T+A(3B) * P 435+G
DaD+AC 48 +AC22) +AC32) +AL 38) +H

CY-AC43))7+12,7.1457.12

(Y-AC44)37.88,Tc14s7.20

244236 7.39

CACA3)=AC44)/2)7e2557+25,T723

ACS53)203S ACS51)=1.2%CAC44) - A(43))IS A(52)=(2%AC43) - A(AA))#.3399

“7.30

ACS3)=CACA4)-2%A(43))%1.21935 ACS1)5ACA43)%1.235 AC52)=0
!"BICARBONATE: HCO3 “iD 38.955D 253T ACS3)1D 26.2
{""CARBONATE, CO3“3D 3@+983D 25JT A(51)3D 26.2
CY=AC14)) T 403G T.44
!*CHLORIDE-DISSOLVED»> CL™JD 30.943D 253T AC14)
(Y-AC173)7.453D 24.216 T+ 49
!"FLUORIDE~ ~DI'SSOLVED» F "3D 30.943D 253T AC1T)
C(Y-AC52))7.5036 754
{"HYDROXIDEs» OH “3D 38.983D 2537 ACS52)3D 26.2
CY=A(26)37.553D 24.236 7.59
I*NITROGEN-NITRATE+NITRITE, N 3D 30.33D 255T AC(26)
(Y-AC293)7+603G T+64
26.3JT "DISSOLVEDs ORTHO» PO4™jD 30.73D 253T AC29)
(Y-AC38))7+653G 7.69 -
26.31T “DISSOLVED, INORGANIC, P04 *3D 253T AC30)
CY-A(312)7.703G 7.72
26+433T “TOTAL.» P04 3D 30.925D 2537 AC3])
(Y-At37))7-7315 D=Y3G 7.74 .
1"SILICA-REACTIVE, SIO2 “3D 30.943D 253T AC37)
(Y-AC50))7.783D 24-21R
1*SULPHATE- -DISSOLVEDs S04 *3D 30+923D 253T AC50)
€Y-C)7+823R
CY-D}7:843G 7.87
D=D+A(S5@) +ACS51)+AC52) +A(S3) /2. DJOA(lQJQA(l7)0A(37)+A(26)t4-429
—C*A(50)#-02@82*A(5|)‘-03333*A(52)*-05880A(SG)‘-51639
SCHAC14)#«B2BR1+AC17)#.05264+AC26)%. 97143
(Y-AC(29))7.923R
(D-Y)1+88s1+8835 D=D+AC29)3S C=C+AC29)+.03159

L=2.302631 (Y<D)>B.@T56 8:66
24¢33D 38.53T * 3D 253T DID 26.2
C(Y-B)8.53J6 8459 )
1"SUM OF CATIONS “3D 30.983T “(ME/L)">%9.04,B3D 26.2
(Y-C)B.683G B.66
I"SUM OF ANIONS *JD 30.983T “(ME/L)">CID 26.2
(Y-B)B+653G 8266 . .
I"DIFFERENCE PER CENT 3D 30.985T %7.02,(R-C)#108/(B+C)iD 26.0
(Y-AC38))8.671G 8.86 ’
(Y-AC48))8.693G B.86
(Y=-A€22))8.753G 8.86
I"SODIUM ABSQRPTION RATIO *3D 30.95
27402, 1. 41#AC38) % DA35/FSET(AC22) % . 88226 +AC 4B #.0499) 5D 26.2
(Y-B)B.85I6 8:86
1"'SODIUM PER CENT*SD 30.973T 4.35%AC3B)/B3D 26.2
CY-AC44))B.873G 1.92
(Y=A(47))8.88JR
B=A(44)~AC47) 51 (B)B+893S B=0
!"NONCARBONATE HARDNESS *3D 30.35D 273T -B3D 26.2

(Y-A(I2))9bﬂ$lG 917

B=FEXP(-AC12)/.4343) -

B=9.TE1@*B2CA(44) /SEA+B-1E-14/B) /¢ 1+11.22E-11/8)
1-°C02"3D 38.23D 2547 BJD 2642

(Y-D)91936 1.92

(Y-AC103)9, 2756 1.92

R=D'25E ~638 D=AC18)+273.1535 B=-8. 37+2#(830/D=2.78)
C=29@2439/D=6+498+.82379%D3S B=p+C-FLOGCAC48) ) /L~ =FLOGCACAQ)) /L
+903+2.5#FSQTCRI /L 1+5. 3¥FSQT(RI +5+5%R)

ATURATION INDEX"SD 30.53D 26.925T A(l2) =B3D 26.2
t“STABILITY INDEX “iD 3@. SID 26-9217 2%B-AC12)3D 26.2

B=Y3S D=Y
CsY3S D=y .
17SUM OF CONSTITUENTS"

1#ALKALINITY-"

e -
M AMG/LYY

* CCALCULATEDY™
1"PHOSPHATE ="

I"RESIDUE~"

"FILTERABLE (105 DEG. Ced™
"F!LTERABLE (556 DEGsCod"

! CARBON-"

* QRGANIC»  C"3D 38.33D 25
I“NITROGEN=-* .

" (PH UNITS)"

** (MG/L CACOD™
"TOTAL™
"DISSOLVED™

KelaM3T » %
M=373D 30.1
M=113D 30.

M=203D 30.1
Ma83D 3@.1

M3163D 3@.1
M=243D 30.1
M=183D 30.1
M=225D 30.1
M2323D 30.1
M=263D 3041
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Figure 3.7. Program AD0014 - Output
ANALYSIS OF WATER SAMFLE

LOCATION A B C
SOURCE § X1 Y1 21
LABORATORY NUMBER= 3329
" FIELD NUMBER = NOT AVAILAPLE
DATE OF SAMPLING @ :

DAY = 13 MONTH = 7 YEAR = 197¢
DATE OF TESTING 3 :

DAY = 3 MONTH = 9 YEAR = 197¢
COLOUR (HAZEN UNITS) = S5.00
SPECIFIC CONDUCTANCE (UMHO/CM) = 142.00
TEMFERATURE OF TESTING (DEG.C.)= 20.50 '
TURBIDITY = .38
FH (FH UNITS)= T.7¢ :
ACIDITY-PH 4.5 . (MG/L CACO3)= NOT AVAILARLE’
ACIDITY-FH 8.3 (MG/L CACO3)= NOT. AVAILARLE
_ALKALINITY-PHENOLPHTHALEIN (MG/L CACO3)= T R.00
ALKALINITY-TOTAL . (MG/L CACO3)= 52+10
HAKDNESS~-TOTAL (ME/L CACO3) = 6730
RESIDUE<NONFILTERABLE (185 DECG.Cs) - (ME/LY= NOT AVAILAPLE
RESIDUE-FILTERABLE (105 DECG.C.) : (MC7L)Y= '19?-9@
RESIDUE-FIXEDsNONFILTERABLE (558 DEGeCs) (MG/L)= NOT AVAILAFRLE
RESIDUE=-FIXEDsFILTERABLE (550.DEC+C+) - (MG/sL) = 65460
CARBON-=- TOTAL ORGANIC, (MC/LY= NOT AVALLAFLE

C
CARBON-DISSOLVED OQRGANIC» ~ C (MG/L)= NOT AVAILAPLF
NITKROGEN-TOTALs KJELDAHL, N CME/LI= NOT AVAILABLE
NITROGEN-DISSOLVED AMMONIAs, N (MCG/L)= NOT AVAILAPLF
OXYGEN-TOTAL CHEMICAL DEMAND (MG/L)= NOT AVAILAPLE
OXYGEN=CONSUMED (MG/L)Y= NOT AVAILAELF

CATIONS (ME/L) ¢
CALCIUM-DISSOLVED, CA
COOFER-TOTAL,» CU -
COOPER=-DISSOLVEL, CU
IRON-TOTAL, FE
IRON-DISSOLVEDs FE
LEAD-TOTAL> FE
LEAD-DISSOLVEDs PR
MAGNESIUM DISSOLVEDs MC
MANGANESE -TOTAL» MN

22.90

NOT AVAILAFLE

NOT AVAILAELE

NOT AVAILABLE
B2

NOT AVAILABLE

NOT AVAILABLE :
2.46 (CALCULATELD)

NOT AVAILAPRLE

7
F U T 1IN (T T { NN T Y ¢ ¢ I [ | RO 1 [ I 1}

MANGANE SE-DISSOLVEDs MN .00
POTASSIUN-DISSOLVED. K 2.7
SODIUM-DISSOLVED, NA 1.2¢

NOT AVAILAPLE
NOT AVAILAPLE

ZINC-TOTALs ZN
ZINC-DISSOLVEDs ZN

ANIONS (MG/L) @
BICARRONATE» HCO3
CARRONATE, CO3

63+51 (CALCULATED)
7.P¢ C(CALCULATED)

CHLORIDE-DISSOLVED» CL = 2. 50
FLUORIDE~DISSOLVEDs F = P19
HYDROXIDE» OH = @00 C(CALCULATED?
NITROGEN-NITRATE+NITRITE,» N = .17 )
FHOSPHATE-DISSOLVED, ORTHO» FO4 = NOT AVAILAPLE
FPHOSPHATE-DISSOLVED» INORGANIC» FO4= B.19
PHOSPHATE-TOTAL, FO4 = NOT AVAILAFLE
SILICA-REACTIVE, SI102 = Lo 40
SULFHATE-DISSOLVED, S04 = 1370

OTHER CALCULATED PARAMETERS 3 )

StiM OF CONSTITUENTS (MG/L) = 78«11

SuM OF CATIONS (ME/L)= 1.4159

Suk OF ANIONS (ME/L)= 13624
DIFFERENCE FER CENT = 193

SODIUM ARSORPTION RATIO = 7.6

SODIUM FER CENT = 3469
NONCARRONATE HARDNESS (MC/L CACO3)= 15.20

coz (ME/ZLI= - . 2.0)
SATURATION INDEX (FH UNITS)=- Q.71

STABILITY INDEX (FPH UNITS)= 9.11
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Figure 3.8. Program AD0014 ~ Listing
“w
C-BK FOCAL 01969

21.02 E
@1.93 S Y=<=BN3F J=l-53!5 ALJYSY
01485 F J=1,505A ACIIFT (AFINISH-ACUY)1.06,1+0635C
01.86 S ALJI=YSS J=6GID 38, 97T My
B1.07 T ! *DEPARTMENT oF FISHERIES AND FORESTRY"!
01.88 T “INLAND WATERS BRANCH™!"WATER QUALITY DIVISION"1!
B1.89 T "ANALYSIS OF WATER SAMPLE™!!
81410 T “LOCATION :*3A D1.D2,D3
@1+12 T !"SOURCE 1"3A D1,D2,D3
©1:14 T 11 LABORATORY NUMBER™SI (Y=AC1))14155D 636 1417
01.15 T »210,AC1) . .
2117 T I"FIELD NUMBER 31 (Y-A(2))1.183D 635G 1.20
21-18 T %10,A(2) .
01.20 D 26413T "SAMPLING $“3S I=33D 3
Pi.21 D 26-]1T “TESTING :*3S I1=6JD 3 -
01.40 T !!“COLOUR (HAZEN UNITS)> *SD 30+631 (Y-AC11))1.455D 6J6 1.48
Ble4S T X7.02,AC11)
T

1. 48

! !"SPECIFIC CONDUCTANCE C(UMHO/CM) “31 C(Y-AC42))1.493D 63C 1.5
8149

ACA2)

1°ZINC-DISSOLVED, ZN 31 (Y-ACaB>>5.723D 6IR
AC4R) 1S BER+A(4D)*.03063S D=D+AC Q)

05 72

T
81.58 T !“TEMPERATURE OF TESTING (DEGC. Y731 (Y-AC18))1.518D 636 1.52
B1.51 T AC1@)
©1.52 T 1"TURBIDITY "3D 30241 C(Y-A(9))1.533D 636 1.55
B1.53 T AC9) .
01+55 T 117"PH "D 30+23D 2649231 (Y-AC12))1.5B3D 6JC 1.61
01.58 T AC12) - ) )
B1+61 D 24.43T “4+5"3D 30+55D 2751 (Y=AC4S)I14635D 636 1+65
B1.63 T ACAS)
€1¢65 D 24.43T *8+3"3D 38.55D 2731 (Y~AC46))1.675D 636 1,79
B1.67 T AC46) .
B1+78 D 24453T "PHENOLPHTHALEIN"JD 2731 CY-AC43))1.723D 636 1.75
01.72 T AL43)
01.75 D 24.53T “TOTAL *3D 30.63D 2731 (Y-ACA4))1.763D 636G 1.77
21.76 T AC44)
01477 T 1“HARDNESS-TOTAL"SD 30+55D 2751 (Y-ACATI) 1. 783D 636 1479
B1.78 T ACAT)
@1.79 D 23D 43D SiD 73D 83D 9
B1.92 T 1110013D )
02.85 n 13D R6.43T "NON''SD 2645ID 30.933D 2531 (Y-A(33))2.073D 636 2.10
82,87 1 A3
82+10 D 26.43D 26.53D 30.65D 2531 (Y- A(34))2-l?lD 636 2.15
82.12 T AC34)
82415 D 26473T "NON"SD 26463D 2551 (Y=AC35))2.173D 631G 2.20
02.17 T AC3S)
02.20 D 26.75D 26+63T ™ 3D 2531 (Y-AC36))2.223D 6IR
02.22 T A(36)
83218 T !" DAY "31 (Y-ACI))3.183D 63G 3.20
23.18 T 12,AC1) i}
03.20 T ™ MONTH *31 (Y-ACI+1))3.885D 6J6 3.30
83.28 T ACI+1)
©3:32 T " YEAR "J1 (Y-AC1+€>)3.38JD 631G 3.99
03.38 T X4sAC1+2)
83.99 R
04415 T 13D 26483T ™ “3D 283D 264931 (Y-ACI3))4+173D 636 4.20
B4+17 T .AC13)
04.20 D 26.83D 293D 26.9331 (Y-AC41))4.223D 636 4.30
Bas22 T ACa1)
04430 D 26.913D 2837 “» KJELDAHL», N*"31D 2§
04.31 1 (Y-AC25))4.325D 6)6 4,35
D432 T AC25) )
04:35 D 26.913D 2937 * AMMONIAs N"3D 2531 (Y-AC27))4.373D 656 4040
04237 T AC2T)
B4.4p T !“OXYGEN-TOTAL CHEMICAL DEMAND “3b 25
B4eat 1 CY-AC28))A.423D 636 2.45
04,42 T AC28)
844,45 T 1“OXYGEN-CONSUMED"SD 36.913D 2511 (Y~ A(49))4.471D 63R
04.47 T ACA49)
85.03 D 971T "ev
05.05 T CATIONS (MG/L) t3S B=@3S D=0sS C=0
05.07 T I“CALCIUM-DISSOLVED, CA '31 (Y-AC4B))S5:@83D 24.13C S.10
@508 T AC48)3S BSB+AC4BI*.0499)S D=D+AC 28)
©5.19 T 1"COOPER-TOTALs CU "3D 36.9331 ¢(Y-A(15))5.12sD 656G S.15
85412 T AC15)
05.15 T !"COOPER-DISSOLVEDs CU 31 (Y~AC16)55.175D 6JG S5.20
8517 T AC16)5S B=B+AC16)#.0314835 D=D+AC16)
95420 T i“1RON-TOTAL» FE"3D 38+631 (Y-AC183)5.005D 6J6 $+25.
05.22 T A
25.85 T {“]RON-DISSOLVED, FE 31 (Y~AC19))5.273D 636 5.30
85.27 T AC19)3S B=B+AC19)%.0537215 D=D+AC19)
05930 T 1“LEAD-TOTAL» PB“SD 3@.6)1 (Y-A(20>)5.325D 636 5.35
©5:32 T Acee)
85435 T !“LEAD-DISSOLVED, PB 31 (Y-AC21))5.373D 636 S.a0
85.37 T AC21)5S B=B+A(21)%:88965335 D=D+A(21)
05.42 T !"MAGNESIUM DISSOLVED, MG™3I (Y- ACR2))5.45,5. 42,5445
05042 1 (Y-AC47))5:433D 24.136 S.46
85443 1 (Y~AC4B)>S.443D 244156 5.46
B5:44 S A(R2)=12.168CACATI*.B199B-AC4BI*10A499)3D 545D 26.236 Se46
85.45 T A(22))S B=B+A(22)#.882263S D=D+AC2P)
@5:46 T 1"MANGANESE-TOTAL, MN "3l (Y-AC23))5.473D 63 5.5¢
05.47 T AC23)
25¢50 T 1"MANGANESE-DISSOLVED, MN"SI (Y=AC24))5.52)D 636 5-55
05.52 T A(ea):s B=B+A(24)%.8364)S D=D+A(24)
©5+55 T !"“FOTASSIUM-DISSOLVED, K ™31 (Y-AC(32))5.573D 24.136 S.60
05.57 T AC32)3S B=B+A(32)%.82557JS D=D+A(32)
05.60 T 1°SODIUM-DISSOLVED, NA  *jI (Y-AC38))5. 623D 244136 5-65
85.62 T AC38)3S BoB+AC3B)I#.043535 D=D+AC38)
85.65 T I"ZINC~TOTAL» ZN"JD 30-6J1 (Y=AC39335.67iD 616 5.70
B5+67 T AC39)

T

T

T

06410 T "= NOT AVAILARLE™ST %7.02
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27.05
9712
87.20
87.23
p7.24
07.25
07.29
87.30
87.32
87.35
07.37
07.40
87.42
87.45
97.47
87.50
87.52
07.55
07.56
07.57
97.68
27.62
0765
87:67
87.7@
07.72
0773
87.74
07.78
87+81
e7.82
07.84
07.87
a7.88
87.92
07.91
97.92

98.05
08.07
28.50
28.53
9855
28.60
28.63
88.65
08.66
28.67
#8.75
28.77
28.79
2881
98.83
28.87

PB.8Y

98.99
08+91
0892

9903
#9.84
09-05
2910
2%9.12
09.15
29.17
89.19
29.27
29.29
89.31
89. 40
89+ 44
09.45

24.18
£4.20
24.30
24,40
24.50
24.98

£5.12

26410
26.20
26.30
26.40
26450
26.68
2670
26.80
26,90
26491
26492
26493

2719
28410
29410

32.10
30.20
30.50
30.60
32.91
30.92
30.93
30.97
38.98

T

T

T

o-urnennm

PIYANIONS (MG/L) 331 (Y- ~ACA3)) 741227295712
CY=-AC44))7.2057+2927.20

CAL43)- A(44)12)7 25,7+25,7.23

ACS3)205S ACS1IE1.2%CAC44)-ACA3)) 35 AC52)R(28ACA3) - A(aa))..3399
T.38

ACS3)SCACA2)-24ACA3)I#1+21935 ACS1)=ACA3)#1.235 ALS2)=036 7.30
D=Y}S C=Y

-1“BICARBONATE, HCO3 3D 38.9231 (Y- ACS3)>7.323D 22.936 7.35

ACSI3D 26.2

I"CARBONATE: CO3”"iD 30.251 (Y=-A(S51))7.373D 24.936 7.40

AC5133D 26. 2

I“CHLOR!DE-DISSOLVED: CL 3D 3@.51 (Y- A(IA))7-AEID 24,236 7.45
AC14)

1*FLUORIDE~DISSOLVED» F*"ID 38.913 1 (Y-AC17))7.473D 24.216 7. 56
ACLT)

I‘MYDROXIDE: OH "3D 3B.251 (Y-AC52))7.523D 24.93G 7455

A(SE)ID 26 e

1"NITROGEN-NITRATE+NITRITEs N "3D 38.93

CY-AC26))7.573D 24+236 7460

AC26)

£6.3)JT "DISSOLVED, ORTHO, P0a  "3L.(Y~A(R9))7.62iD 635 7-65
ACes) . i

264337 YDISSOLVED, INORGANIC» P04™31 (Y-AC38))7.673D 613G 7.70
AC30)

26.35T “TOTAL, PO4"SD 30.9151 (Y-AC31))7.723D 636 7.73
AC31)

1"SILICA-REACTIVE» SIO02“3D 38.9131 (Y-AC37))7. 74!5 D=Y36G 7.78
A3

"SULPHATE ~-DI'SSOLVED» S04*3D 30- 531 (Y-AC(SB))7.813D 24.23R
A(SO)II (Y-CY7.823R .
(Y=D)7.8436 7.87
DSDOA(SO)QA(5\)0A(52)¢A(53)/2 BS*A(|470A(l1)bA(37)0A(26)ta.A29
CHCOA(SD)‘-GQBBEQA(5!)I-DGSSGOA(SE)t-ESBBOA(53)'o0|639
CaC+AC1 Q) *.PRB21+AC1T)#. 0526 4+A(26)%.07143

(Y=A(29))7«913R

(D-Y)7.92,7.923S D=D+AC29)
CaC+A(29)Y*. 03159

!I”QTHER CALCULATED PARAHETERS t"3S L=2.3026
24.31T . "D 2531 (Y- D)8.523D 24-916 B.53
b

19SUM OF CATIONS"3D 30.9851 C(Y-B)B«553D 24.93G B.60
29.04,8
15UM OF ANIONS "3D 30+9831 (Y-C)B+635D 24:93G B+6S

c. . .

1»DIFFERENCE PER CENT "D 30.5)1 (Y-B)8+665D 24.936 B.75
C(Y-C)B+673D 244936 8.75

11-02:(5 -C) %108/ (B+C)

"SODIUH ABSORPTION RATIO™SD 30.631 (Y-AC38))8. 773D-24.91G 8.83
(Y-A(GB))8-79DD 24.936 8.83

CY-AC22))8.813D 24.936 8.83

27 02:l-AI‘A(35)‘-0435/FSQT(A(22)‘-082260A(48)‘-0&99)
1”SODIUM PER CENT"3D 38.9231 (Y-B)B.873D 24.93C B.89
4.35%A(3832/8
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Report Series Publications

No.

No.

"No.

No.

No.

No.-

No.

No.

No.

No.

4

10

11

12

13

Glacier Survey in Alberta. P.I. Campbell, I.A. Reid and J. Shéstal. .

A rveport on the method used and the results obtained in computing the volumetric
change of two glacters in Alberta.

Glacier Survey in British Columbia. P.I. Campbell, I.A. Reid and J. Shastal.

A report on the method used and the results obtained in computing the volumetric
change of five glaciers in British Columbia.

Analysis of Wave Motion in-a Rectangular Channel using Electrical Network Analogy. L.F. Ku.
A clear and systematic approach to soZving problems of wave motion using' the method
applied to electrical network analysis.

Ice Studies in the Department of Energy, Mines and Resources - 1969.

A eatalogue of current projecte and a general introduction to the ice gstudies
carried out during 1969 by the Department of Energy, Mines and Resources.

The Federal Groundwater Program - Annual Project Catalogue 1969-1970.

A catalogue of current groundwater studies summarizing the objectivee and progress of
each project. »

A Storage and Retrieval System for Water Quality Data. A. Demayo.

A report degseribing the data processing system being tmplemented for storing and
retrieving Water Quality Data.

Glacier Surveys in British Columbia - 1968, Vol.1 English System; Vol. 2 Metric System.

I.A. Reid and J. Shastal. :

A report for 1968 on the method used and the results obiained in computing the volumetric
change of five glaciers in British Columbia. .Vol. 1 contains the text and five glacier
mape based on the English System; Vol. 2 containg only the five maps based on the Metric
System. .

Computer Programs in Use in Water Quality Division - Vol. 1. A. Demayo.
A report containing computer programs offering 1) least square fit to various types
of polynomial expressions 2) least square fit to a linear expression with two and
three variablee, and 3) solutions to a polynomial equation.

Interlaboratory Quality Control Study No. 1. Calcium, Total Hardness, Sodium and Potassium.
W.J. Traversy and R.W. Wales.
A report on analyf’ical quality control of the Water Quality Division to emsure a high
quality of performance in Divietonal laboratories in Ottawa and Burlington, Ontario;
Moncton, New Brunswick; and Calgary, Alberta.

The Federal Groundwater Program - Annual Project Catalogue 1970-71.

" A catalogue of current groundwater studies summarizing the objectives and progress
of each project. ‘ :

Copies of these publications may be obtained by writing to:

Director, ]
- Inland Waters Branch,
Department of Energy,
Mines and Resources,
588 Booth Street,
Ottawa, Ontario.
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